Bzl SPANDIDOS
7] ,§, PUBLICATIONS

INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 28: 161-169, 2011

Dynamin-related protein 1 is implicated in endoplasmic
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Abstract. Pancreatic f-cell dysfunction is a critical compo-
nent in the pathogenesis of diabetes. Endoplasmic reticulum
(ER) stress is one of the factors that induces pancreatic -cell
dysfunction, but the underlying mechanisms have not been
well elucidated. In this study, we report that a mitochondrial
fission modulator, dynamin-related protein 1 (DRP-1), plays
an important role in ER stress-induced B-cell apoptosis.
Induction of DRP-1 expression significantly promoted ER
stress-induced apoptosis in the DRP-1 WT (DRP-1 wild-
type) inducible B-cell line, but not in the DRP-1 K38A (a
dominant negative mutant of DRP-1) inducible B-cell line.
We further demonstrated that the mitochondrial membrane
potential decreased, and that cytochrome c release, caspase-3
activation and generation of reactive oxygen species (ROS)
were enhanced by induction of DRP-1 WT, but prevented by
DRP-1 K38A in pancreatic 3-cells under ER stress conditions.
These results indicate that DRP-1 mediates ER stress-induced
pancreatic [3-cell apoptosis.

Introduction

Pancreatic 3-cell dysfunction is a critical component in the
progression of type 2 diabetes. In addition, 3-cell apoptosis
is considered as one of the main reasons of B-cell dysfunction
(1,8). Endoplasmic reticulum (ER) stress has been suggested
as a causing factor of f-cell dysfunction and apoptosis (2-6).
However, the underlying mechanisms remain to be elucidated.

It has been proposed that impaired mitochondrial function
might be involved in cell apoptosis (7-10). The GTP-binding
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protein, dynamin-related protein 1 (DRP-1) is a mitochondrial
fission protein. It has been found that expression of DRP-1
promotes mitochondrial fragmentation, while the expression
of a dominant-negative form of DRP-1 inhibits mitochondrial
fission and thereby apoptosis (11,12). Our previous studies
have demonstrated that high glucose levels increase DRP-1
expression and yield DRP-1-induced mitochondrial fission
resulting in mitochondrial fragmentation and apoptosis
in pancreatic B-cells, while the DRP-1 dominant-negative
mutant impedes fission and apoptosis. However, whether
DRP-1 is also implicated in ER stress-induced pancreatic
[-cell apoptosis has not been investigated (13).

In order to clarify the possible involvement of DRP-1
in ER stress-induced f-cell dysfunction and apoptosis, we
applied the established two stable pancreatic -cell lines
that could respectively induce the expression of wild-type
DRP-1 (DRP-1 WT) and its dominant-negative mutant
(DRP-1 K38A) to investigate the role of DRP-1 on ER stress-
induced [-cell apoptosis. In addition, the related mechanisms
of DRP-1 mediated pancreatic 3-cell apoptosis were further
analyzed through the assessment of various morphological
and functional parameters.

Materials and methods

Establishment of INS-1 stable cell lines allowing inducible
expression of DRP-1 WT and DRP-1 K38A. The plasmids
were constructed by subcloning the cDNAs encoding, respec-
tively, Drp-1 WT and Drp-1 K38A. The dominant-negative
mutant DRP-1 K38A, changes the critical lysine in the Gl
consensus motif of the GTPase domain into an alanine,
thereby presumably inhibiting GTP binding of DRP-1. This
mutation has been used in a previous study of mammalian
DRP-1 (14). The rat insulinoma cell line, INS-1-rf} (also
referred to as r9), which carries the reverse tetracycline/doxy-
cycline-dependent transactivator (15), was generated using the
procedures described previously (16,17). The DRP-1 WT and
DRP-1 K38A cell lines were cultured in complete medium
composed of RPMI-1640 (Gibco) supplemented with 10 mM
HEPES, 10% fetal calf serum (FCS), 2 mM L-glutamine,
100 U/ml penicillin, 100 pxg/ml streptomycin, 1| mM sodium
pyruvate and 50 uM 2-mercaptoethanol. Cells were incubated
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at 37°C in a 5% CO, incubator (18) and the medium was
changed every 3 days.

Real-time PCR. Total RNA samples from DRP-1 WT and
DRP-1 K38A cells were analyzed by real-time PCR. PCR reac-
tions were carried out in a volume of 25 ul consisting of 2.5 pul
cDNA, 12.5 pl reaction mix (SYBR-Green I dye, Toyobo) and
0.5 ul 25 pmol/l oligonucleotide primers. All reactions were
performed in an Applied Biosystems (ABI) instrument in
which samples underwent 40 cycles of PCR at an annealing
temperature of 55°C. The following primers were used (forward
and reverse, respectively): ATTGCGGATTCACTACTC and
GATTTCTACTGCGACCATA (Drp-1), GACATCCGTA
AAGACCTCTATGCC and AATAGAGCCACCAATCCA
CACAGAG (B-actin). The value obtained for each specific
product was normalized to a control gene (f-actin) and
expressed as a percentage of the value in the control gene.

Immunofluorescence staining. The cells were cultured in
96-well plates at 37°C in a 5% CO, incubator for 24 h, and
then treated with or without 500 ng/ml doxycycline for
induction of DRP-1 WT and DRP-1 K38A expression. After
48 h of incubation, the cells were fixed in 4% paraform-
aldehyde, permeabilized with 0.1% Triton X-100 in PBS
containing 0.5% BSA (PBS/BSA) for 30 min. The cells
were subsequently incubated with anti-DRP-1 antibody (BD
Transduction Laboratories, USA; 1:100 dilution) for 30 min,
followed by labeling with FITC-conjugated rat anti-mouse
IgG antibody. The cells were viewed under a fluorescent
microscope (Olympus IX71, Japan).

Western blotting. For Western blotting, cells were cultured
in flasks for 48 h before treatment with or without 500 ng/ml
doxycycline for induction of DRP-1 WT and DRP-1 K38A
expression. After 48 h, all these cells were collected and lysed
by sonication. The protein was extracted in buffer containing
20 mM Tris-HCI, pH 7.4,2 mM EDTA, 150 uM NaCl, 10 mM
NaP, 1% NP-40, and 1 mM phenylmethylsulfonyl fluoride.
Total cellular proteins were fractionated by 10% SDS-PAGE.
Immunoblotting was performed with anti-DRP-1 antibody as
described previously (19) using enhanced chemiluminescence
(Millipore, Billerica, USA) for detection.

TUNEL staining. DRP-1 WT and DRP-1 K38A cells were
cultured in 96-well plates in the presence or absence of
500 ng/ml doxycycline for 48 h, and then treated with 0.1 M
thapsigargin (TG) for 12 h or 4 pg/ml tunicamycin (TM) for
24 h. The cells were washed, fixed in 4% paraformaldehyde
and then permeabilized with 0.1% Triton X-100 in a PBS/BSA
solution. The terminal deoxynucleotidyl transferase-mediated
dUTP nick-end labeling (TUNEL) assay was performed using
in situ cell death detection kits (Roche, USA).

DNA fragmentation. DRP-1 WT and DRP-1 K38A cells
were planted in 6-well plates and cultured in the presence or
absence of 500 ng/ml doxycycline for 48 h, and then treated
with 0.1 yuM TG for 12 h or 4 ug/ml TM for 24 h. The cells
were washed twice with PBS, re-suspended in the lysis buffer
(10 mM Tris-HCI, pH 8.0 and 10 mM EDTA, 10 mM NaCl,
0.5% SDS, 100 ug/ml proteinase K) and incubated at 50°C for
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2 h. The crude DNA preparations were further extracted and
precipitated. The DNA pellets were air-dried and re-suspended
in 100 gl TE buffer (10 mM Tris-HCI, pH 8.0, 1 mM EDTA)
containing 100 ng/ml RNase. The concentration of nucleic
acid was determined by UV absorbance at 260 nm. The same
amount of nucleic acids from each sample was detected by
electrophoresis on a 1.5% agarose gel and visualized by UV
fluorescence after staining with ethidium bromide. Gel was
visualized and photographed on an image analyzer instrument
(Alpha Innotech Corp., San Leandro, USA).

Hoechest 33342 plus propidium iodide (PI) staining. DRP-1 WT
and DRP-1 K38A cells were planted in 96-well plates and
cultured in the presence or absence of 500 ng/ml doxycycline
for 48 h, and then treated with or without 4 yg/ml TM for
36 h. These cells were washed twice with PBS and exposed
to Hoechst 33342 (10 pug/ml) and PI (10 pxg/ml), and their
fluorescence was examined using a fluorescence microscope
with ultraviolet excitation at 340-380 nm. Viable or early
apoptotic cells were identified by their nuclei with blue
(Hoechst 33342) fluorescence. Late apoptotic or necrotic cells were
detected by their nuclei that exhibited red PI fluorescence.

Assessment of phosphatidylserine exposure and mito-
chondrial membrane potential (A¥,,). DRP-1 WT and
DRP-1 K38A cells were planted in 6-well plates and cultured
in the presence or absence of 500 ng/ml doxycycline for 48 h,
and then treated with or without 4 yg/ml TM for 24 h. The
cells were washed once in PBS and incubated with 10 ul
(20 ug/ml) Annexin V-FITC according to the manufacturer's
instructions. The cells were incubated with 5 ul (50 pg/ml) PI
for 2 min on ice and then analyzed by FACScan (Beckman,
Counter Epics XL, USA). This assay discriminates between
intact cells (FITC-/PI), early apoptotic cells (FITC*/PI'), and
late apoptotic or necrotic cells (FITC*/PI* or PI*).

To measure the AW,,, DRP-1 WT or DRP-1 K38A cells
were loaded with 10 nM DiOC(3) at 37°C for 5 min. The
cells were washed once and re-suspended in PBS for flow
cytometric analysis. The cells treated with the mitochondrial
membrane uncoupler carbonyl cyanide-m-chlorophenyl
hydrazone (mCCP) for 20 min at 37°C were used as a positive
control for dissipation of the AW, .

Detection of cytochrome c release. Detection of mitochon-
drial cytochrome c release was performed as previously
described (20). Briefly, DRP-1 WT or DRP-1 K38A cells were
cultured in T75 flasks for 48 h in the presence or absence of
500 ng/ml doxycycline, and then treated with or without TM
(4 pg/ml) for 24 h. The cells were harvested and suspended in
buffer A (20 mM HEPES-KOH, pH 7.5, 10 mM KCl, 1.5 mM
MgCl,, 1 mM EDTA, 1 mM EGTA, 1 mM dithiothreitol,
250 mM sucrose, | mM phenylmethylsulfonyl fluoride) and
lysed by a sonicator. The lysate was centrifuged at 1,000 x g
for 10 min at 4°C and the supernatant was collected for
further centrifugation at 13,000 x g for 20 min. The protein
content in the supernatant was determined using the BCA
Micro Protein Assay kit (Biyuntian Co., Beijing, China). The
cytosolic proteins (supernatant fractions) were separated by
15% SDS-PAGE and analyzed by Western blotting with a
polyclonal antibody against cytochrome c (Santa Cruz, USA).
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Confocal microscopy. DRP-1 WT and DRP-1 K38A cells
were cultured in the presence or absence of 500 ng/ml doxy-
cycline for 48 h, and then treated with or without 4 ug/ml TM
for 24 h. These cells were washed once in PBS and incubated
with 1 uM MitoTracker Red at 37°C for 15 min, and then
fixed with 4% formaldehyde for 15 min at room temperature.
The cells were also stained with an anti-cytochrome ¢ FITC-
conjugated antibody as previously described (21). The cells
were viewed under a confocal microscope (Olympus IX81).
Multitrack scanning mode was used to record double-labeled
cells.

Measurement of caspase-3 activity. DRP-1 WT and DRP-1
K38A cells were cultured in 6-well plates in the presence
or absence of 500 ng/ml doxycycline for 48 h, and then
treated with or without 4 pg/ml TM for 24 h. The cells were
harvested and washed three times with PBS. Caspase-3 activity
was measured by a caspase-3 assay kit (Molecular Probes,
Invitrogen, USA) following the manufacturer's protocol, and
then detected by a microplate fluorescence reader (Molecular
Devices Corp., Sunnyvale, CA, USA).

Reactive oxygen species (ROS) assay by flow cytometry. ROS
formation was analyzed by flow cytometry according to a
previously described method (22). DRP-1 WT and DRP-1
K38A cells were cultured in 6-well plates in the presence
or absence of 500 ng/ml doxycycline for 48 h, and then
treated with or without 4 ug/ml TM for 24 h at 37°C in a 5%
CO, incubator. Cells were washed twice with PBS, stained
with CM-H,DCFDA (1 mM) in PBS (pH 7.2) at 37°C for
5 min and PI (10 mg/ml) was then added for 1 min. Flow
cytometric analysis (Becton-Dickinson, San Jose, CA, USA)
was performed at an excitation wavelength of 488 nm and an
emission wavelength of 535 nm.

Statistics. Statistical analyses were performed with the
GraphPad Prism software (Graphpad Software, San Diego,
CA). The results are expressed as the mean + SD and the
Mann-Whitney U test was used to evaluate the differences
between groups. P-values of <0.05 were taken to denote
statistical significance.

Results

Time-course and dose-response of TG- and TM-induced
apoptosis in INS-rf cells. To investigate the effect of ER
stress on pancreatic [3-cell apoptosis, we used the classic ER
stress-producers, TG and TM to cause ER stress in INS-rf§
cells. They both induced INS-rf3 cells apoptosis in a time- and
dose-dependent manner (Fig. 1), which was consistent with
previous studies (23,24).

ER stress induced DRP-1 expression in INS-rf cells. To inves-
tigate the possible involvement of DRP-1 in ER stress-induced
[-cell apoptosis, we used Western blotting to analyze the
effect of ER stress on DRP-1 expression in INS-rf} cells. As
shown in Fig. 2, endogenous DRP-1 protein was up-regulated
by the classic ER stress-producers, TG and TM in a dose- and
time-dependent manner. These data suggest that DRP-1 may
participate in the ER stress-induced B-cell apoptosis.
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Figure 1. The classic ER stress-producer tunicamycin (TM) and thapsigargin
(TG) induced INS-1f cells apoptosis in a dose- and time-dependent manner.
Analysis for apoptosis in INS-rf cells by Annexin V-PI double staining.
Data are represented as the mean + SD of three independent experiments.
(A) Dose-response of TG induced apoptosis in INS-rf} cells. For studying
dose-response, cells were cultured with the indicated doses of TG for 12 h.
(B) Time-course of TG induced apoptosis in INS-rf} cells. For studying
the time- course, cells were cultured in a medium containing 0.1 uM TG
at the indicated times. (C) Dose-response of TM-induced apoptosis in
INS-rB-cells. Cells were cultured with the indicated doses of TM for 24 h.
(D) Time-course of TM induced apoptosis in INS-rf cells. For studying the
time-course, cells were cultured in a medium containing 4 yg/ml TM at the
indicated times.
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Figure 2. Western blotting was used to analyze the effect of ER stress on
DRP-1 expression in INS-rf3 cells. (A) Dose-response and time-course of
TM on DRP-1 expression. For studying the dose-response, cells were cul-
tured with the indicated doses of TM for 24 h. For studying the time-course,
cells were cultured in a medium containing 4 yg/ml TM at the indicated
times. (B) Dose-response and time-course of TG on DRP-1 expression. For
studying dose-response, cells were cultured with the indicated doses of TG
for 12 h. For studying the time-course, cells were cultured in a medium
containing 0.1 M TG at the indicated times.

B-actin

Characterization of the DRP-1 WT and DRP-1 K38A induc-
ible cell lines. To investigate whether DRP-1 is implicated in
ER stress-induced -cell apoptosis, we established two stable
cell lines that allow inducible expression of DRP-1 WT or
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Figure 3. Characterization of the DRP-1 WT and DRP-1 K38A inducible f3-cell lines. (A) Real-time PCR for doxycycline induced Drp-I mRNA expression in
DRP-1 WT and DRP-1 K38A cells. Data represent three independent experiments. “*p<0.01. (B) Western blot analysis for doxycycline (Dox)-induced DRP-1
protein expression in DRP-1 WT and DRP-1 K38A cells. (C) DRP-1 WT and DRP-1 K38A proteins were induced by doxycycline. Phase-contrast images (top)
and immunofluorescence staining (bottom).
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Figure 4. Analysis for apoptosis in DRP-1 WT and DRP-1 K38A cells by TUNEL staining and DNA fragmentation. (A and B) TUNEL staining for apoptosis
in DRP-1 WT cells (A) and in DRP-1 K38A cells (B), Data are represented as the mean + SD of three independent experiments. “p<0.05, “p<0.01. DRP-1 WT
and DRP-1 K38A cells were cultured in the presence or absence of 500 ng/ml doxycycline for 48 h, and then treated with 0.1 M TG for 12 h or 4 yg/ml TM
for 24 h. (C and D) Comparison of DNA fragmentation for apoptosis in DRP-1 WT and DRP-1 K38A cells. Cells were cultured in the presence or absence of
500 ng/ml doxycycline for 48 h, and then treated with 4 pg/ml TM for 24 h (C) or 0.1 uM TG for 12 h (D).
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fected with pUHDI10-3 plasmids (25), carrying DRP-1 WT or  were screened by Northern blotting for clones positively
DRP-1 K38A, and with the pTKHygro plasmid containing the  expressing DRP-1 WT or DRP-1 K38A after induction
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Figure 5. Analysis for apoptosis in DRP-1 WT and DRP-1 K38A cells by Hochest 33342 plus PI staining and Annexin V-PI double staining. (A and B)
Hochest 33342 plus PI staining for apoptosis in DRP-1 WT cells (A) and in DRP-1 K38A cells (B). Cells were cultured in the presence or absence of 500 ng/
ml doxycycline for 48 h, and then treated with or without 4 yg/ml TM for 36 h. Viable or early apoptotic cells were identified by their nuclei with blue
(Hoechst 33342) fluorescence. Late apoptotic or necrotic cells were detected by their nuclei that exhibited red (PI) fluorescence. Data are represented as the
mean + SD of three independent experiments. “p<0.01. (C and D) Flow cytometric analysis for apoptosis in DRP-1 WT cells (C) and in DRP-1 K38A cells
(D). DRP-1 WT and DRP-1 K38A cells were cultured in the presence or absence of 500 ng/ml doxycycline for 48 h, and then treated with or without 4 pg/ml
TM for 24 h. This assay discriminates between intact cells (FITC/PI'), early apoptotic cells (FITC*/PI'), and late apoptotic or necrotic cells (FITC*/PI* or PI*).

with doxycycline. Two cell clones, named, DRP-1 WT and
DRP-1 K38A, which show high-level induction and the lowest
background, were selected for the present study. The cells
were induced with 500 ng/ml of doxycycline for 48 h and the
Drp-1 expression was analyzed by real-time PCR (Fig. 3A),
Western blotting (Fig. 3B) and immunofluorescence staining
(Fig. 3C). As shown in Fig. 3, doxycycline could markedly
induce the Drp-I mRNA and protein expression. However,
doxycycline alone did not affect endogenous Drp-1 expression
in control INS-rf cells (data not shown).

DRP-1-mediated ER stress-induced apoptosis in pancreatic
p-cells. To further investigate the possible involvement of
DRP-1 in ER stress-induced -cell apoptosis, we studied the
apoptosis in DRP-1 WT and DRP-1 K38A cells using TUNEL
staining (Fig. 4A and B), DNA fragmentation (Fig. 4C and D),
Hochest 33342 plus PI staining (Fig. 5SA and B) and
Annexin V-PI double staining (Fig. 5C and D). Induction of
DRP-1 WT resulted in B-cell apoptosis, which was signifi-
cantly enhanced by ER stress. In contrast, DRP-1 K38A did not

cause B-cell. Instead, it partially prevented ER stress-evoked
apoptosis in B-cells (Figs. 4 and 5). These results suggest
that DRP-1 is involved in ER stress-induced p-cell apoptosis.
Since DRP-1 plays an important role in activating the mito-
chondrial apoptosis pathway, the mechanisms underlying
DRP-1 involvement in ER stress-induced [-cell apoptosis
were further investigated.

The molecular mechanisms underlying DRP-1-mediated ER
stress-induced apoptosis
Activation of the mitochondrial apoptosis pathway. The AW,
was measured by flow cytometry using the potential-sensitive
probe, DiOC4(3) (26). As shown in Fig. 7, induction of
DRP-1 WT, but not DRP-1 K38A led to AW,, depolarization
in B-cells cultured under ER stress conditions (Fig. 6). These
data are consistent with the reports that mitochondria eventu-
ally depolarize during the release of cytochrome ¢ and the
activation of the caspase cascade (27-29).

Cytochrome c release and intracellular redistribution.
Confocal microscopy and Western blotting showed that
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Figure 7. The effect of DRP-1 on cytochrome c release and redistribution in B-cells. (A) Western blot for the release of cytochrome ¢ from mitochondria
in DRP-1 WT and DRP-1 K38A cells. (B) Confocal microscopy for cytochrome c¢ redistribution in DRP-1 WT cells. Red: mitochondrial staining with
MitoTracker Red. Green, cytochrome c stained with FITC. (C) Confocal microscopy for cytochrome c redistribution in DRP-1 K38A cells. Red, mitochon-

drial staining with MitoTracker Red. Green, cytochrome c stained with FITC.

induction of DRP-1 WT led to mitochondrial cytochrome c
release and intracellular redistribution under ER stress condi-
tions. However, the release and redistribution of cytochrome c
were not seen in DRP-1 K38A cells under the same conditions
(Fig. 7). These results suggest that DRP-1 mediates ER
stress-induced apoptosis through cytochrome c release and
redistribution.

Production of ROS. To assess whether ROS are involved
in DRP-1 induced (-cell apoptosis, production of ROS was
analyzed by flow cytometry in DRP-1 WT and K38A cells
under ER stress. Flow cytometric analysis showed that induction
of DRP-1 WT enhanced ER stress-induced ROS production in
[-cells, whereas induction of DRP-1 K38A inhibited the ROS
generation in (3-cells under the same condition (Fig. 8A and B).
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Activation of the executioner caspase-3. To further assess
whether activation of the executioner caspase was involved
in DRP-1 induced B-cell apoptosis, caspase-3 activity was
measured by monitoring the cleavage of a fluorigenic caspase
substrate in DRP-1 WT and DRP-1 K38A cells under ER
stress. These results show that induction of DRP-1 WT
enhanced ER stress-induced caspase-3 activation, whereas
induction of DRP-1 K38A prevented the caspase-3 activation
in B-cells (Fig. 8C and D).

Discussion

Type 2 diabetes is characterized by both insulin resistance
and P-cell dysfunction. It has been demonstrated that the
[-cell dysfunction is related to ER stress (23).

The ER is one of the most important organelles in B-cells
which is responsible for several cellular functions, including
the synthesis, initial post-translational modification, proper
folding and maturation of newly synthesized pro-insulin.
Various biochemical and physiological stimuli can induce ER
stress. Islet B-cells are particularly susceptible to ER stress
owing to the high rate of insulin synthesis and high develop-
ment of intercellular ER (30). Although several studies have
indicated the physiological role of moderate ER stress in the
regulation of insulin synthesis and secretion in B-cells (3),
some recent evidence suggests that strong and long-term ER
stress has harmful effects on -cell functions (31).

Hom et al have reported that an ER stress inducer could
induce fragmentation of mitochondria and cell apoptosis (32).
However, whether some protein factors directly participating
in mitochondrial fragmentation mediate ER stress-induced
[-cell apoptosis has not been investigated. It has been reported

that DRP-1, a key component of the mitochondrial fission
machinery, is required for mitochondrial fragmentation and
programmed cell death in non-f-cell and p-cell apoptosis
(33). Our recent study demonstrated that DRP-1 mediates high
glucose-induced pancreatic 3-cell apoptosis (13). In addition,
the fact that high glucose levels lead to ER stress in p-cells
has been confirmed (5,34). Therefore, whether DRP-1 is also
implicated in ER stress-induced pancreatic 3-cell apoptosis
should be investigated.

In this study, we demonstrated that DRP-1 is also an
important mediator of ER stress-induced [-cell apoptosis. In
order to analyze the effect of DRP-1 expression on ER stress-
induced -cell apoptosis, we used two established pancreatic
B-cell lines that allow inducible expression of DRP-1 WT
and dominant-negative mutant DRP-1 K38A, respectively.
The doxycycline inductions of DRP-1 WT and DRP-1 K38A
in these cells were demonstrated by real-time PCR, Western
blotting and immunofluorescence staining. Under ER stress
conditions, we studied the cell apoptosis in DRP-1 WT and
DRP-1 K38A cells using TUNEL staining, DNA fragmenta-
tion, Hochest 33342 plus PI staining and Annexin V-PI double
staining. We have demonstrated that induction of DRP-1 WT
alone is sufficient to evoke apoptosis in (-cells. In addition,
up-regulation of DRP-1 WT significantly deteriorated ER
stress-induced apoptosis in f-cells, whereas DRP-1 K38A
prevented B-cell apoptosis. These results confirmed our specu-
lation that DRP-1 plays an important role in the regulation of
ER stress-induced apoptosis in (3-cells.

On the basis of our previous study, the mechanisms under-
lying DRP-1 involvement in ER stress-induced 3-cell apoptosis
were further investigated. It was reported that DRP-1, a key
component of the mitochondrial fission machinery, is required
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for mitochondrial fragmentation and ensuing apoptosis (33).
In our previous study, we found that DRP-1, which is known
to cause mitochondrial fission, resulted in morphological
changes of the mitochondria from a long shape into a round
and short shape under high glucose conditions. These results
suggest that DRP-1 plays an important role in regulation
of mitochondrial fission and ensuing apoptosis in B-cells.
Therefore, we proposed that DRP-1 may mediate ER stress-
induced apoptosis through mitochondrial fission and ensuing
activation of the mitochondrial apoptosis pathway.

It has been shown that mitochondrial fragmentation
is required for the release of apoptogenic factors from the
mitochondrial intermembrane space. One of the best charac-
terized factors is cytochrome c. It is a soluble protein located
in the mitochondrial intermembrane space, which func-
tions as an electron carrier of the mitochondrial respiratory
chain between complexes III and IV. Once released into the
cytosol, cytochrome c binds to Apaf-1 to form a complex with
caspase-9 (35). This large complex initiates the activation of
downstream caspases.

In this study, we have investigated the cytochrome c
release and intracellular redistribution. Confocal microscopy
and Western blotting showed that DRP-1 WT, but not the
DRP-1 K38A led to mitochondrial cytochrome c release and
intracellular redistribution under ER stress conditions. Our
results also showed that up-regulation of DRP-1 increased
ROS production, decreased mitochondrial membrane poten-
tial, induced caspase-3 activation and apoptosis in [3-cells
under ER stress conditions. In contrast, under the same
conditions, induction of DRP-1 K38A had contrary effect
on mitochondrial fragmentation, caspase-3 activation, ROS
generation and B-cell apoptosis. These results suggest that
DRP-1-mediated mitochondrial fission is an essential mecha-
nism underlying ER stress.

In summary, our study indicate that increased DRP-1
expression may explain ER stress-induced f3-cell apoptosis.
DRP-1 may induce B-cell apoptosis through the process of mito-
chondrial fission, cytochrome c release, ROS generation and
caspase-3 activation. In contrast, dominant-negative suppres-
sion of DRP-1 function by DRP-1 K38A largely prevented
ER stress-induced 3-cell apoptosis. The data thus suggest, for
the first time, that DRP-1 mediated mitochondrial fission is
an essential mechanism underlying ER stress-induced [-cell
apoptosis in type 2 diabetes. Inhibition of DRP-1 function
could represent a novel approach for 3-cell protection.
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