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Abstract

As glucose is known to induce insulin secretion in pan-
creatic B cells, this study investigated the role of a
phospholipase D (PLD)-related signaling pathway in
insulin secretion caused by high glucose in the pancre-
atic B-cell line MIN6NS. It was found that the PLD activity
and PLD1 expression were both increased by high glu-
cose (33.3 mM) treatment. The dominant negative
PLD1 inhibited glucose-induced Beta2 expression,
and glucose-induced insulin secretion was blocked by
treatment with 1-butanol or PLD1-siRNA. These results
suggest that high glucose increased insulin secretion
through a PLD1-related pathway. High glucose in-
duced the binding of Arf6 to PLD1. Pretreatment with
brefeldin A (BFA), an Arf inhibitor, decreased the PLD
activity as well as the insulin secretion. Furthermore,
BFA blocked the glucose-induced mTOR and p70S6K
activation, while mTOR inhibition with rapamycin atte-
nuated the glucose induced Beta2 expression and in-
sulin secretion. Thus, when taken together, PLD1
would appear to be an important regulator of glu-
cose-induced insulin secretion through an
Arf6/PLD1/mTOR/p70S6K/ Beta2 pathway in MIN6N8
cells.

Keywords: ADP-ribosylation factor 6; insulin; in-
sulin-secreting cells; mTOR protein; phospholipase
D1

Introduction

Glucose is the most potent nutrient in insulin secre-
tion in pancreatic p-cells (Ashcroft, 1980; Goren,
2005). MIN6N8 cells are a type of mouse pan-
creatic B-cell line derived from transgenic mice
expressing SV40 T transformed insulinoma cells
under the control of an insulin promoter (Kim et al.,
2005), which means they can secrete insulin in a
regulated manner in response to varying concen-
trations of glucose.

The ubiquitously expressed enzyme phospho-
lipase D (PLD) catalyzes the formation of phospha-
tidic acid (PA) from the major membrane phospho-
lipid phosphatidylcholine (Voss et al., 1999; Hughes
et al., 2004). There is also growing evidence that
PLD1 is essential for the regulated secretion of
insulin from pancreatic p-cells (Metz and Dunlop,
1990) and modulates vesicular trafficking and
exocytosis (Shen et al.,, 2001). Many factors have
already been implicated in the regulation of PLD
and insulin secretion in response to glucose such
as GTPases proteins. Arfs are small G-proteins of
the Ras superfamily and have been shown to have
some effect on vesicle transport, endocytosis, actin
rearrangement and insulin secretion (Jalink et al.,
1994; Donaldson, 2003). Moreover, recent studies
suggested that Arf6 is located at the plasma
membrane and stimulates the activity of PLD (Luo
et al,, 1998; Liu et al., 2005). Nonetheless, the
mechanisms of glucose-induced PLD activation
mediating insulin secretion in pancreatic- cells are
not yet well defined.

Insulin secretion is regulated by glucose at the
transcriptional and post-transcriptional levels (Andrali
et al., 2008). One transcriptional factor is BetaZ2.
Which belongs to the bHLH (basic helix-loop-helix)
family and functions in a complex with the ubi-
quitously expressed E47 protein (Naya et al,
1995). In MING cells without glucose stimulation,
Beta2 has been shown to be mainly localized in
the cytosol, whereas exposure to high glucose
causes its translocation into the nucleus, thereby
inducing insulin secretion (Petersen et al., 2002).
Therefore, this study attempted to elucidate whether
PLD1 is involved in glucose-induced Beta2 expre-
ssion. Recent studies have also found that PLD is
an upstream regulator of mTOR signaling (Fang et
al., 2003; Sun et al.,, 2008). mTOR (mammalian
target of rapamycin) is a serine/threonine protein



PLD1 mediates glucose-induced insulin secretion 457

&= | PLD-1

- W GCAPDH

Figure 1. Effect of glucose on activity
and expression of PLD in MIN6NS

cells. (A) The cells were labeled with

2 pCi/ml [H]-palmitic acid and then
T stimulated with glucose (33.3 mM) for
30 min. The PLD activity was meas-
ured based on the formation of
[3H]-PBt. The data presented are the
means = SE  from triplicated
experiments. *P < 0.05 compared
with without glucose-treated cells. (B)
The cells were treated with glucose
(33.3 mM) for 30 min for a
Westernblot analysis. The intensity of
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kinase that is vital for the regulation of cell growth
in response to hormones and growth factors in all
eukaryotic cells (Rohde et al., 2001; Crespo and
Hall, 2002). mTOR promotes protein synthesis via
two downstream effectors, 4E-BP1 (eukaryotic
initiation factor 4E-binding protein-1) and p70S6K
(p70 ribosomal S6 Kinase). Plus, the activation of
mTOR has been reported as an essential step for
the glucose uptake mechanism stimulated by
insulin via a PI3K-Akt pathway (Cui et al., 2003;
Vander Haar et al, 2007; Flati et al., 2008).
However, the role of mTOR in insulin secretion
from pancreatic B-cells stimulated by glucose is not
yet fully understood.

Accordingly, the present study was conducted to
find out whether PLD1 is involved in insulin
secretion induced by glucose and what kinds of
intracellular signals are related to PLD1 in pan-
creatic p-cells.

Results

Effect of glucose on activity and expression of PLD
in MIN6NS cells

First, to assess the role of PLD in the MINGN8
cells, any change of PLD activity was checked in
the presence of 33.3 mM high glucose. As shown
in Figure 1A, the PLD activity was significantly
increased nearly 2.3-fold in 30 min. Thereafter, to
analyze whether this increased PLD activity was
due to the increased expression of PLD, the PLD
expression was quantitated using a western blot
analysis. The PLD1 expression was markedly
increased during the glucose stimulation for 30 min
(Figure 1B), yet no PLD2 was detected, even after
glucose stimulation (data not shown), demonstrating

[ T ) the bands was quantified using

+ Quantity One software (Bis-Rad).

that high glucose up-regulated the PLD activity and
PLD1 protein expression.

Effect of PLD1 on Beta2 gene expression and insulin
secretion in glucose-stimulated MIN6NS cells

Earlier studies have shown that Beta2 regulates
insulin exocytosis (Ishizuka et al., 2007) and is
required for the regulation of insulin gene trans-
cription (Mutoh et al., 1997; Sharma et al., 1999;
Qiu et al, 2002). As shown by the RT-PCR
analysis in Figure 2A, the Beta2 expression
increased for 24 h. To further test the potential role
of PLD in Beta2 expression, MIN6N8 cells were
transfected with wild types or catalytically inactive
mutants of PLD1 plasmid constructs. Two days
after the transfection, cells were treated with high
glucose for 24 h. As a result, PLD1 overexpression
potentiated Beta2 expression increased by high
glucose, whereas knockdown of PLD1 using
DN-PLD1 transfection completely eliminated Beta2
expression (Figure 2B), strongly suggesting that
PLD1 was involved in the Beta2 expression
induced by glucose in the MIN6N8 cells. The next
issue was to establish whether PLD activity was
required for insulin secretion. Pretreatment of cells
with 1-butanol, which inhibits PA production by
PLD, significantly decreased glucose-induced insulin
secretion. In contrast, 2-butanol, which can not be
transphosphatidylated, did not show any effect on
insulin secretion (Figure 2C). In addition, the deple-
tion of PLD1 by PLD1siRNA significantly decreased
insulin secretion in glucose-stimulated MINGNS8
cells (Figure 2D). Thus, when taken together, these
results indicated that PLD1 acted as an important
mediator for Beta2 expression and insulin secretion
in the MINGN8 cells stimulated by glucose.
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Figure 2. Effect of PLD1 on Beta2 gene expression and insulin secretion in glucose-stimulated MINGNS cells. (A) The cells were treated with glucose for
the indicated times for an RT-PCR. (B) The cells were transfected with 5 g of either EGFP, EFFP-rPLD1,or EGFP-DNPLD1 for 6 h, then treated with glu-
cose for 24 h, and the mRNA levels of PLD1 and beta2 determined using an RT-PCR. (C) The insulin secretion was measured based on the RIA of the
cell supernatants (see "Methods"). At the end of the incubation, replaced with fresh KRB buffer and the cells incubated for 30 min with 1- or 2-butanol be-
fore being stimulated with glucose for 24 h. (D) As in C, the cells were transfected with PLD1siRNA for 48 h and then stimulated with glucose for 24 h.
Values are shown are means £ S.E. from three independent experiments. The significance of each difference is indicated as a P value. *P < 0.05 com-

pared with glucose-treated cells.

Arf6 is involved in glucose-induced insulin secretion
pathway

Previous work has shown that Arf6 is involved in
altering the membrane phospholipid composition
by stimulating PLD activity, in vitro (Caumont et al.,
1998). Hence, to determine the relationship
between Arf6 and PLD1, double immunostaining
techniques were used in the MIN6N8cells. As

shown in Figure 3A, in unstimulated cells, Arf6 was
localized in the cytosol. However, upon glucose
stimulation, Arf6 was redistributed from cytosol to
membrane, and merged with PLD1. Meanwhile,
the cells stained for both of Arf6 and PLD1 showed
yellow fluorescent staining, indicating an increased
membrane translocation of Arf6 and then co-loca-
lization with PLD1 when stimulated by high glucose.
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Figure 3. Involvement of Arf6 in glucose-induced insulin secretion pathway. (A) The MIN6NS cells were transfected with the EGFP-PLD1 plasmid for 48 h,
stimulated by glucose for 30 min, and then fixed and labeled for Arf6 and GFP. Arf6 is shown in green, PLD1 is shown in red and the final merged images
are yellow. (B) The cells were transfected with the PLD1 plasmid for 24 h, shifted to a medium containing glucose for 30 min, lysates prepared and sub-
jected to immunoprecipitation with the anti-Arf6 antibody overnight, and the Arf6 immunoprecipitate (IP: Arf6) then subjected to a Westernblot analysis. (C)
The cells were labeled with 2 pCi/ml [*H]-palmitic acid and then treated for 30 min with or without 10 1M BFA and then for 30 min with or without glucose,
as indicated. The PLD activity was measured based on the formation of [H}-PBt. (D) The RNA was extracted from cells pretreated with 10 uM BFA for 30
min, then stimulated with glucose for 24 h for an RT-PCR. (E) The cells were incubated for 30 min with BFA before stimulation with glucose for 24 h for an
RIA assay. Values are shown are means = S.E. from three independent experiments. The significance of each difference is indicated as a P value. *P

< 0.05 compared with the glucose-treated cells.

To confirm this result, an immunoprecipitation
study of Arf6 and PLD1 was performed. As seen in
Figure 3B, a robust interaction was observed
between Arf6 and PLD1 after treatment with
glucose. In contrast, there was no interaction
between Arf6 and PLD1 without glucose treatment,
indicating that Arf6 binds to PLD1 under high
glucose conditions in MING6N8 cells. Thus, given
the association of Arf6 with PLD1, the ability of
Arf6 to regulate PLD activity in MINGN8 cells was
also investigated. As shown in Figure 3C, PLD
activity was significantly decreased by treatment of
Brefeldin A (BFA), which is a fungal metabolite that

blocks Arf activation by accelerating guanine
nucleotide exchange. Therefore, these results
supported that Arf6 co-localization with PLD1
increased PLD activity under high glucose con-
dition in MING6NS8 cells. To further elucidate the role
of Arf6 in glucose stimulated insulin secretion, the
effects of BFA on glucose-induced Beta2 expre-
ssion and insulin secretion were investigated.
MINGNS8 cells were pretreated with or without BFA
for 30 min, and then incubated in the presence or
absence of 33.3 mM glucose for 24 h. As shown in
Figures 3D and 3E, glucose-induced Beta2 expre-
ssion was blocked by BFA treatment, while
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Figure 4. Involvement of mTOR and p70S6K in insulin secretion induced by glucose in MINGNS cells. (A and B) The cells were stimulated with glucose
for the indicated time, then processed for immunoblotting. (C) The cells were pretreated with 300 nM rapamycin for 30 min, stimulated with glucose for 24
h, and the total RNA isolated using the Trizol reagent for an RT-PCR. (D) The cells were incubated for 30 min with rapamycin before stimulation with glu-
cose for 24 h for an RIA assay. (E and F) The cells were pretreated with 10 pM BFA for 30 min and then stimulated with glucose for 30 min. The Western

blot analysis was carried out as described in the Methods.

glucose-induced insulin secretion was completely
decreased to the control levels. Thus, when taken
together, the evidence strongly indicated that Arf6
was a major contributor to the insulin secretion
pathways induced by glucose via PLD1 activation
in MINGNS cells.

Involvement of mTOR and p70S6K in insulin
secretion induced by glucose in MIN6N8 Cells

In MIN6 cells, one of the targets of glucose is
p70S6K (Gomez et al., 2004; Gleason et al,
2007). However, the mechanisms of insulin secre-

tion induced by glucose on mTOR activity via a
PLD1 pathway have not yet been determined.
Therefore, the phosphorylation pattern of mTOR
and p70S6K after treatment with glucose was
examined first. As shown in Figures 4A and 4B, a
time course analysis showed that glucose induced
increased phosphorylation of mMTOR and p70S6K,
reaching a maximum after 30 min. Next, it was
investigated whether the mTOR/p70S6K pathway
mediates glucose-induced insulin secretion. As
seen in Figure 4C, when cells were preincubated
with rapamycin, a specific inhibitor of mTOR, glu-
cose induced Beta2 expression was significantly



eliminated when compared to control. Conse-
quently, insulin secretion was also impaired by
rapamycin treatment (Figure 4D). Therefore, these
results suggested that the mTOR/p70S6K pathway
was critical for glucose-induced insulin secretion in
MINGNS cells.

Next, the roles of Arf6 and PLD activity in the
activation of mTOR and p70S6K were examined.
The cells were pretreated with BFA to block Arf6
which activated PLD under high glucose condition.
As expected, pretreatment of the cells with BFA
markedly inhibited the phosphorylation of mTOR
and p70S6K induced by glucose (Figures 4E and
4F). Thus, the results demonstrated that mTOR
and p70S6K were both involved in glucose-induced
insulin secretion through Arf6 activation leading to
increased PLD activity in the MINGNS cells.

Discussion

Although previous studies have studied the func-
tion of PLD in pancreatic B-cells, they focused
predominantly on PLD in exocytosis (Shen et al.,
2001), especially how the enzyme works in
insulin-stimulated  glucose uptake pathways
(Standaert et al., 1996; Shome et al., 1997; Emoto
et al., 2000). Thus, to the best of our knowledge,
this is the first time that PLD1 has been
demonstrated to be an important regulator of
insulin secretion through a glucose-stimulated
Arf6/PLD1/mTOR/p70S6K pathway in MIN6N8
cells.

The present study showed that: First, the PLD
activity as well as the expression level of the PLD1
protein were increased by glucose treatment of the
cells (Figure 1), indicating that PLD1 may be a key
regulator in glucose-regulated signaling pathways.
Second, and most importantly, PLD1 accounted for
Beta2 expression and insulin secretion. PLD1
overexpression synergistically increased Beta2
expression induced by glucose (Figure 2B).
Conversely, transfection of PLD2 had no effect on
Beta2 expression (data not shown). Therefore, it
was clarified that PLD1, rather than PLD2, is a very
important mediator in Beta2 expression induced by
glucose, resulting in insulin secretion. Meanwhile,
the down-regulation of PLD activity using 1-butanol
and PLD1siRNA inhibited the insulin secretion in
response to glucose. As a result, PLD1was
demonstrated to play an important role in
glucose-stimulated insulin secretion in pancreatic
cells. These data are also supported by Hughes et
al. (2004) who showed that, PLD activity is
required for insulin secretion in the pancreatic
cell line MING. Third, Arf6 was found to bind and
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co-localize with PLD1 in glucose stimulated cells to
activate PLD (Figure 3). Beta2 expression and
insulin secretion were both blocked by BFA,
suggesting the participation of Arf6 in a
glucose-stimulated insulin secretion pathway in the
MINGNS8 cells. Fourth, when the MINGNS8 cells were
treated with rapamycin, the Beta2 expression and
insulin secretion induced by glucose were both
decreased. Furthermore, the inhibition of Arf with
BFA significantly blocked the activation of mTOR
and p70S6K (Figure 4), suggesting that mTOR and
p70S6K are located downstream of PLD1 in the
glucose-stimulated insulin secretion signaling path-
ways. The effect of glucose on 4E-BP1 phospho-
rylation was also examined, but there was no
change in the expression of this protein (data not
shown).

Multiple Arf forms play specific functions for
different members of the family. Only Arf6 is
located at the plasma membrane and plays a key
role in receptor transduction mechanisms. Moreover,
some findings have suggested that Arf6 contri-
butes to PLD activation at the plasma membrane,
after forming a complex with PLD1 and plays a role
in the secretion of insulin in the pancreatic B cell
line MIN6 (Massenburg et al., 1994; Vitale et al.,
2002). The present data strongly suggested a
functional relationship between PLD1 and Arf6,
which resulted in increasing the insulin secretion.
The role of Arf in signal transduction raises some
questions regarding the nature of the interactions
between PLD1 and Arf6. Thus, it would be
interesting to determine whether Arf6 interacts with
PLD1 directly or via some unknown factors to
regulate PLD activity. Nonetheless, it was found
that Arf6 was able to bind and co-localize with
PLD1, thereby, acting as a PLD activator.

Another issue addressed in this study was the
regulation of mTOR and p70S6K in MING6N8 cells
by glucose. In pancreatic 3 cells, glucose enters
the B -cells via the GLUT2 transporter, leading to a
rise of ATP. This increase in the ATP levels then
activates mTOR, which acts as an "ATP sensor"
(Dennis et al., 2001; Briaud et al., 2003), resulting
in the upregulation of glucose-induced mTOR and
p70S6K phosphorylation. However, in the present
study, the glucose-induced insulin secretion was
not significantly decreased by rapamycin treatment,
possibly because the insulin secretion stimulated
by glucose is regulated at the transcriptional level.
The transcription factors for glucose-regulated
insulin gene expression include Beta-2, Pdx-1,
MafA and INS-1/2 (Roderigo-Milne, 2002; Andrali
et al., 2008). Which operate in a co-ordinated and
synergistic manner to activate insulin gene expre-
ssion. In particularly, Beta-2, Pdx-1 and MafA are
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the PLD1 activity in the MIN6NS cells, probably through Arf6 activation.
As such, the activated form of Arf6 binds to PLD1, which then lead to the
activation of mTOR, resulting in increased insulin secretion through
Beta2 upregulation.

co-expressed, and can strongly activate an insulin
promoter (Aramata et al., 2005; Docherty et al.,
2005). However, the study only focused on Beta2
expression under high glucose conditions, as only
the Beta2 expression was decreased by rapamycin
treatment. While the other transcription factors,
such as Pdx-1 and INS-1/2, were unaffected (Data
not shown). To confirm whether the mTOR/p70S6K
pathway was related to Arf6, pretreatment with
BFA was prior to glucose stimulation produced a
decrease in the phosphorylation of mTOR and
p70S6K. Therefore, it would appear that
mTOR/p70S6K pathway is located downstream of
Arf6 for glucose-induced insulin secretion in
MINBNS cells.

Thus, when taken together, the present results
indicate that PLD1 is an important intermediate in
the glucose-stimulated insulin secretion system
through an Arf6/PLD1/mTOR/ p70S-6K/Beta2 path-
way in pancreatic p-cell, MIN6N8 (Figure 5).

Methods

Cell culture

The MINGBNS8 cells were kindly provided by Dr. M.S. Lee
(Sungkyunkwan University School of Medicine, Seoul,
Korea) and were incubated at 37°C with 5% CO, in DMEM
containing 15% fetal bovine serum, 2 mmol/l glutamine, 100
1U/ml penicillin, and 100 pg/ml streptomycin (Lonza, MD).

Reagents

BFA was obtained from Calbiochem (CA). Glucose and
rapamycin were from Sigma-Aldrich (MO). mTOR poly-
clonal antibody and p-mTOR polyclonal antibody, p70S6K
polyclonal antibody and p-70S6K polyclonal antibody were
all purchased from Cell Signaling (MA); GAPDH polyclonal
antibody was obtained from Santa Cruz Biotechnology
(CA). The PLD1 polyclonal antibody was provided by Dr.
D. S. Min (Pusan National University, Korea), L-a-pho-
sphatidylbutanol (PBt) was from Avanti Polar Lipids (AL),
and the silica gel 60A plates for TLC were purchased from
Whatman (NJ).

Immunoprecipitation and immunoblot analysis

Harvested MINGBN8 cells were lysised in 20 mM HEPES
(pH 7.2), 200 mM sodium chloride, 1% Triton X-100, 2%
cholic acid, 1 mM EDTA, 1 mM EGTA, 0.1 mM DTT, 10
mg/ml leupeptin, 10 mg/ml aprotinine and 1 mM PMSF on
ice and disrupted by sonication. After 2 h of incubation in
an ice bath, 40 ml of protein G sepharose was added. The
immune complexes were then recovered by centrifugation
at 2,000 x g for 5 min at 4°C. For the immunoblot analysis,
the immunoprecipitates were washed five times in a
washing-buffer (50 mM Tris-HCI (pH 8.0), 1% Triton X-100,
1% sodium deoxycholate, 0.1% sodium dodecylsulfate and
200 mM sodium chloride). For the gel electrophoresis, the
immune complexes were dissolved in a 2x Laemmli
cooking buffer, separated using an SDS-polyacrylamide
gel, and transferred onto nitrocellulose membranes. The
immunoreactive bands were then visualized using pero-
xidase conjugated secondary antibodies and specific
bands detected by ECL (Amersham Phamacia Biotech,
NJ).

RNA extraction and real-time PCR

Total RNA was extracted from MIN6N8cells using the
TRIzol reagent (Life Technologies Inc., MD). Next, 5 ug of
total RNA was mixed with oligo (dT)16 primer and Maloney
murine leukemia virus (M-MLV) reverse transcriptase
(Promega, WI), and incubated for 60 min at 42°C. The
transcribed products were mixed with each primer set and
Tag DNA polymerase (Takara Shuzo, Japan), and then
amplified. The primer sequences were as follows: Beta2
sense (5-CTTGGCCAAGAACTACATCTGG-3") and anti-
sense (5-GGAGTAGGGAT-GCACCGGGAA-3") (PCR pro-
duct, 225 bp); mouse B-actin sense (5-ATCCTGAAAG-
ACCTCTATGC-3') and antisense (5-AACGCAGCTCAGT-
AACAGTC-3') (PCR product, 287 bp). The PCR products
were analyzed in 1.2% agarose-gel.

Determination of PLD activity

PLD activity was determined by measuring the [H] PBt
produced via PLD catalyzed transphosphatidylation in
[*H]-palmitic acid labeled cells (Lim et al., 2002). MIN6N8
cells were radioactively labeled overnight with 2 uCi/ml of
[3H] palmitic acid in medium, and then pretreated with
0.3% (v/v) 1-butanol for 15 min before stimulation with
glucose. The cells were incubated with BFA, rapamycin for



30 min, after treatment with glucose for 30 min, and then
quickly washed with PBS and suspended in ice-cold
methanol. Lipids were extracted according to the method
of Bligh and Dyer (Bligh and Dyer, 1959), and PBt was
separated by TLC using an acetate/isooctane/acetic
acid/water (110:50:20:100,v/v) solvent system. The regions
corresponding to authentic PBt bands (Rf=0.76) were
identified with 0.002% (w/v) primulin in 80% (v/v) acetone,
scraped, and counted using a liquid scintillation counter.

Small interfering RNA

siRNA was used to knock-down the targeted genes, and
the PLD1 siRNA oligonucleotide (5-AAGGUGGGACG-
ACAAUGAGCA-3") was synthesized by Ambion (TX).
MING-N8 cells were transfected using the siPORT
NeoFX (Ambion, TX) reagent according to the manu-
facturer's instructions, and the cell lysates were assayed
for insulin secretion.

Immunocytochemistry

MINGN8 cells were plated on coverslips in 24 well plates.
The cells were fixed with 4% (w/v) paraformalde-
hyde/0.15% (w/v) picric acid in phosphate-buffered saline,
and then incubated overnight with primary antibody at 4°C.
The Green Fluorescent Protein (GFP) monoclonal antibody
was used at 1:400 (Roche Molecular Biochemicals, Basel,
Switzerland), Arf6 antibody was used at 1:400 (Santa Cruz
Biotechnology, CA), then with a secondary antibody (Cy3)
(Jackson ImmunoResearch Laboratories, PA). Cells were
mounted using the VECTASHIELD (Vector laboratories,
CA) mounting medium for fluorescence and photographed
using a fluorescent microscope (Nikon, Japan).

Insulin secretion assay

MINGBNS8 cells grown in 24-well plates were washed in a
Krebs-Ringer bicarbonate (KRB) buffer containing 5 mM
NaHCO3,10 mM HEPES, pH7.4, 1 mM CaClz, 0.5% (w/v)
bovine serum albumin, then incubated for an additional 4 h
in 0.5 ml of the KRB buffer. After discarding the buffer, the
cells were treated with the inhibitors used in this expe-
riments for 30 min, and then treated with high glucose
(33.3 mM) for 24 h. The supernatants were collected and
frozen for insulin assays. Thereafter, cells were washed
with PBS and extracted with 0.18 N HCI in 70% ethanol for
24 h at 4°C. The acid-ethanol extracts were collected to
determine the intracellular insulin content, which was
measured based on radioimmunoassay using mouse
insulin as the standard (Kim et al., 2005).

Statistical analysis

All the experiments were performed at least three to five
times. The data shown in the figures are mean = S.E.
Statistical significance was calculated using a one-way
ANOVA analysis.
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