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Abstract: Endothelial cells (ECs) apoptosis induced by hyperglycemia is intimately involved in the pathophysiology
of diabetes and its complication. Although PGC-1a is known for its role in glucose metabolism, its role in ECs injury
caused by high glucose milieu is still unclear. Therefore, this study aims to investigate whether PGC-1« participates
in ECs apoptosis under high glucose condition. Human umbilical vein endothelial cells (HUVECs) were down-regulat-
ed PGC-1a expression by adenovirus-mediated PGC-1a specific siRNA (Ad-shPGC-1a) and exposed to high glucose.
Cell viability, apoptosis, mitochondrial membrane permeability, apoptotic marker, reactive oxygen species (ROS),
and expression of PGC-1a and VDAC isoforms were studied. Our results showed that high glucose-induced cell apop-
tosis was associated with an obvious decrease in PGC-1a expression. Lack of PGC-1a exacerbated high glucose-
induced cell apoptosis, inner mitochondrial membrane permeabilization, mitochondrial cytochrome ¢ release into
cytoplasm and caspases activation; while further decreased cell viability and mitochondrial membrane potential.
Analysis of apoptotic markers (Bcl-2, Bax), intracellular ROS and endoplasmic reticulum stress revealed that these
mechanisms were not accounted for the effects of Ad-shPGC-1a on apoptosis. However, we found silencing PGC-1a
further increased high glucose-induced VDAC1 expression. The pharmacological inhibition of VDAC1 with 4,4’-di-
isothiocyanostilbene-2,2’-disulfonic acid (DIDS) inhibited the increased apoptosis in high glucose-treated PGC-1a
knockdown cells. These findings strongly suggest that PGC-1a defect is one of the major mechanisms for ECs
apoptosis under high glucose condition, and provide a novel strategy to prevent endothelial dysfunction in diabetes.
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Introduction damage, the mechanisms involved remain

ambiguous. Peroxisome proliferator-activated

Diabetes-related cardiovascular complications
have been identified as the major direct cause
of death in patients with diabetes mellitus,
including both macrovascular and microvascu-
lar diseases [1]. In diabetes, endothelial cells
(ECs) of blood vessels are characterized by the
first targets [2]. ECs dysfunction is mainly
caused by cell injury and apoptosis, which ini-
tially impairs endothelial integrity and blood
vessel function [3]. Thus, protection against
ECs injury and apoptosis may have great signifi-
cance. Up until now, despite incontrovertibility
of evidence implicating hyperglycemia in ECs

receptor (PPAR)-y coactivator-1a (PGC-1a) is a
key regulator in energy metabolism and mito-
chondrial function [4, 5]. Increasing evidences
suggest that PGC-1a expression is highly asso-
ciated with glucose metabolism. Obvious
changes in PGC-1a expression were observed
in adipose tissue from insulin-resistant sub-
jects [6], in skeletal muscle from type 2 diabet-
ics [7], in liver of rodents in diabetic model [8].
Recent study showed that the decreased PGC-
1o expression was causally related to hypergly-
cemia-induced vascular smooth muscle cells
(VSMCs) proliferation and migration [9]. These
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results indicate that PGC-1a may serve as a
causal factor of the pathophysiologic process
in diabetes. However, the functional role of
PGC-1a in endothelium remains elusive.
Moreover, PGC-1« is considered to be a broad
and powerful regulator of mitochondrial func-
tion and reactive oxygen species (ROS) metab-
olism [5, 10-12]. For example, reduction in
PGC-1a has been proposed to be a direct caus-
ative candidate in mitochondrial dysfunction
[10]. Additionally, up-regulation of PGC-1« lev-
els dramatically protected neural cells against
oxidative stress-mediated death through induc-
tion of ROS-detoxifying enzymes [11]. Given the
importance of mitochondria and ROS genera-
tion in apoptotic signaling [13, 14], it is reason-
able to assume that PGC-1a could exhibit a dra-
matic effect on ECs apoptosis induced by high
glucose. Therefore, in this study, we silenced
PGC-1a expression by using a recombinant
adenovirus expressing PGC-1a small hairpin
RNA (Ad-shPGC-1a) to determine whether PGC-
1a plays a functional role in high glucose-
induced apoptosis in human umbilical vein
endothelial cells (HUVECs), and to further
explore the precise mechanisms.

Methods
Cell culture and treatment

Human umbilical vein endothelial cells
(HUVECSs) were isolated and cultured as previ-
ously described [15]. The study protocol was
confirmed by the declaration of Helsinki and
approved by the Ethics of Committee of
Shandong University. In brief, cells were har-
vested from umbilical cord by treatment with
collagenase and cultured in M199 medium
(Gibco, NY, USA) supplemented with 5.5
mmol/L glucose, 20% FBS, 2% L-glutamine,
antibiotics (100 U/mL penicillin and streptomy-
cin) and endothelial cell growth at 37°Cina 5%
CO, humidified air incubator. Cells at passages
3-8 were used. In glucose-treated experiments,
HUVECs were cultured in M199 medium con-
taining 5.5, 11, 15 or 25 mmol/L glucose,
respectively. In adenovirus-infected experi-
ments, HUVECs were processed for adenoviral
infection for 24 h in prior to high glucose incu-
bation for another 48 h.

Western blot analysis

After treatment, the whole cell lysates, mito-
chondrial and cytosolic fractions were harvest-
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ed as previously described [16]. Equal quanti-
ties of protein were separated by sodium
dodecyl sulfate-polyacrylamide gels and trans-
ferred onto polyvinylidene fluoride membranes
(Millipore, Billerica, MA). The blots were then
probed with the following antibodies at 4°C
overnight: PGC-1a, Bip/GRP78 (diluted 1:100),
VDAC1, VDAC2 and VDAC3 (diluted 1:400)
(Santa Cruz, CA, USA); Bcl-2, Bax, cytochrome
¢, COX IV, cleaved caspase-3 and cleaved cas-
pase-9 (1:2000, Cell Signaling Technology, MA,
USA); GAPDH and p-actin (diluted 1:4000,
Beyotime, Jiangsu, China). After washing and
incubation with the corresponding secondary
antibodies (Cell Signaling Technology), mem-
branes were visualized using enhanced chemi-
luminescence reagents (ECL system, Thermo
Scientific, MA, USA).

Adenoviral infection of siRNA for PGC-1«

Recombinant adenovirus encoding a small hair-
pin shRNA of PGC-1a (Ad-shPGC-1a) was suc-
cessfully constructed by Cyagen Biosciences
Inc. (CA, USA). The control shRNA (Ad-Scr) con-
taining no significant homology to any known
gene was purchased from Shanghai Sunbio
Bio-medical Technology (Shanghai, China) and
used as a negative control. On the day before
adenoviral infection, HUVECs were seeded in
6-well plates. Adenovirus were diluted in M199
medium containing 2% FBS and added to the
cells for 6 h. After that, cells were transferred
into complete medium and incubated for fur-
ther 24 h.

Assay for cell viability

Cell viability was measured by cell counting
kit-8 (CCK-8; Dojindo Laboratories, Kumamoto,
Japan) according to the manufacturer’s proto-
cols. In brief, 100 ul HUVECs were seeded in
96-well plates at a density of 2x10%/well. After
treatment, 10 ul of CCK8 was added to each
well for 2 h at 37°C. The colorimetric assay was
performed with Bi o-Tek microplate reader (VT,
USA) and measured at 450 nm wavelength.

Quantitative PCR (qPCR) analysis

RNA from HUVECs was isolated using RNeasy
Micro Kit (Qiagen, Hilden, Germany) according
to the manufacturer’'s instructions and was
reverse-transcribed using the ReverTra ACE
gPCR RT Kit (Toyobo, Osaka, Japan). PCR ampli-
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fication was performed using SYBR Green PCR
master mix (Invitrogen, CA, USA) with the ABI
Prism 7300 Fast Real-Time PCR system
(Applied Biosystem, CA, USA). Sequence-
specific primers were obtained from Sangon
Biothech (Shanghai, China). The primer
sequences used to amplify human PGC-la
cDNA were 5-CCTGCATGAGTGTGTGCTCT-3’
(sense) and 5-GCACACTCGATGTCACTCCA-3’
(antisense); primers for GAPDH were
5-GGGCACGAAGGCTCATCATT-3' (sense) and
5-AGAAGGCTGGGGCTCATTTG -3’ (antisense).

Apoptosis detection

HUVECs apoptosis was determined by Accuri
C6 flow cytometry (BD Biosciences, CA, USA)
using the FITC-Annexin V and propidium iodide
(Pl)double staining assay (Bender Medsystems,
Vienna, Austria) according to the manufactur-
er’'s instructions. Briefly, HUVECs were digested
with trypsin and suspended in 200 pl binding
buffer at density of 1x10%/mL, and then added
Annexin V and PI, vortexed and incubated for
20 min in dark at room temperature. Finally,
binding buffer was added and cells were count-
ed with flow cytometry.

Detection of inner mitochondrial membrane
(IMM) permeabilization

IMM permeabilization was measured using cal-
cein AM (Invitrogen) as described previously
[17]. After treatment, cells were incubated with
1 pmol/L calcein AM and 1 mmol/L CoCl, in
Hanks balanced salt solution (HBSS) (135
mmol/L NaCl, 5 mmol/L KCl, 1.5 mmol/L CaCl,,
1 mmol/L MgCl,, 10 mmol/L D-glucose, 10
mmol/L HEPES, pH 7.40) for 10 min at 37°C.
Cells were imaged by a laser scan confocal
microscope (LSM710, ZEISS, Munchen,
Germany). The fluorescence intensity of the
96-well plates was analyzed using a microplate
reader (Infinite F500, Mannedorf, Switzerland).

Detection of mitochondrial membrane poten-
tial (MMP)

Cells were staining with mitochondrial
membrane potential sensitive probe, 5,5,6,6-
Tetrachloro-1,1’,3,3-tetraethyl-benza-midazolo-
carbocyanin iodide (JC-1 dye, Cayman Chemical,
MlI, USA) for 15 min at 37°C. Loss of MMP was
observed by LSM710 laser scan confocal
microscope (Zeiss). The aggregate red form
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indicating healthy MMP was detected at excita-
tion/emission wavelength of 585/590 nm,
while the green monomeric form indicating a
loss of MMP was examined at 510/527 nm.
The fluorescence intensity was calculated using
Imagel software (NIH, Maryland, USA).

Detection of reactive oxygen species (ROS)

Intracellular ROS generation in HUVECs was
visualized using 2’,7’-dichlorofluorescin diace-
tate (H,DCF-DA, Invitrogen) as previously
described [17]. Briefly, HUVECs were seeded in
6-well plates or 96-well bottom black plates,
and then applied to different treatments
according to the experiment requirements.
After that, H,DCF-DA (10 umol/L) was added to
each culture well and incubated for 30 min in
serum-free  M199 medium at 37°C.
Immediately, cells were washed with HBSS and
imaged with a fluorescence microscope
(Olympus Corpor-ation, Tokyo, Japan) at 488
nm excitation and 525 nm emission wave-
lengths. The fluorescence intensity of the
96-well bottom black plates was analyzed
using a microplate reader (Mannedorf).

Statistical analysis

Data analysis was performed by one-or two-
way ANOVA and significant differences were
determined by post hoc using the Bonferroni
test. All data were given as mean + SEM, with P
< 0.05 representing to be statistically
significant.

Results

PGC-1a expression in HUVECs paralleled with
high glucose-decreased cell viability

Endothelial cells injury has been suggested to
be a principle feature in the pathogenesis of
diabetes [18]. To establish a proper experimen-
tal model of diabetes in vitro, HUVECs were
treated with various concentrations of glucose,
and then cell viability was examined by CCK-8
assay. Compared with control or osmotic HM
(high mannitol, 25 mmol/L), the cell viability of
HUVECs was significantly decreased dose-
dependently. This viability inhibitory effect was
more obvious at 15 mmol/L (Figure 1A).
Moreover, high glucose (15 mmol/L) inhibited
cell viability in a time-dependent manner
(Figure 1B). Compared with control group, at
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Figure 1. High glucose-induced cell injury was associated with decreased PGC-1a expression. A. HUVECs were
incubated with different concentrations of high glucose (HG) for 48 h. Cell viability was analyzed by cell counting
kit-8 (CCK-8). B. The cells were treated with high glucose (15 mmol/L) for the indicated times. CCK-8 analysis was
performed. C. Western blot showed that glucose inhibited PGC-1a expression dose-dependently. D. After treatment
mentioned in B, PGC-1a protein level was determined by western blot. All data were expressed as mean + SEM. *P

< 0.05, **P < 0.01 vs. control, n = 6.

12, 24, 48, 72 and 96 h, cell viability was
decreased t0 92.3 £ 9.1%, 73.8 £ 8.2%, 44.7
5.8%, 51.3 + 7.5% and 47.5 + 6.1%. The cell
viability reached the minimal level at 48 h.

Interestingly, we found PGC-1a expression par-
alleled with high glucose-induced cell injury.
Compared to 5.5 mmol/L glucose (control
group), 11 mmol/L glucose inhibited PGC-1a
expression level to 74.3 + 5.2%, and 15 mol/L
glucose further inhibited it to 59.3 + 4.7%
(Figure 1C). Moreover, we also found that 15
mol/L glucose decreased PGC-1a expression in
a time-dependent manner (Figure 41D).
Therefore, in the following experiments, we
used glucose at 15 mmol/L for 48 h.

Down-regulation of PGC-1a accelerated high
glucose-induced cell injury and apoptosis

GivenCo?* that high glucose affected PGC-1a
expression in HUVECs, we supposed that PGC-
1a may be involved in cell injury and apoptosis.
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To verify this notion, HUVECs were infected with
adenovirus containing PGC-1a small hairpin
RNA (Ad-shPGC-1a) at multiplicity of infection
(MOQI) of 10, 20 and 40 for 24 h. Efficiencies of
RNA interference were firstly determined.
Western blot and qPCR showed that Ad-shPGC-
1a at 20 MOI effectively reduced endogenous
expression of PGC-1a more than 70%, respec-
tively. Negative shRNA (Ad-Scr) had no effect on
PGC-1a expression (Figure 2A, 2B). The effect
of PGC-1a knockdown on high glucose-treated
cell viability was tested by CCK-8. As shown in
Figure 2C, Ad-Scr and Ad-shPGC-1a did not pro-
duce any significant effects on cell viability in
the absence of high glucose. After treatment
with 15 mmol/L glucose for 48 h, cell viability
rate was significantly reduced to 48.1 + 6.5%,
compared with control group. Ad-shPGC-la
exaggerated high glucose-induced HUVECs
injury, reducing the cell viability rate to 29.3 +
5.0%. Ad-Scr did not alter cell death rate
induced by high glucose. Furthermore, HUVECs
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Figure 2. Lack of PGC-1a promoted high glucose-induced cell injury and apoptosis in HUVECs. (A and B) Western
blot (A) and gPCR (B) showed that infection with adenovirus containing PGC-1a small hairpin RNA (Ad-PGC-1a) at
multiplicity of infection (MOI) of 10, 20 and 40 for 24 h significantly decreased PGC-1a expression, but transfection
with negative shRNA (Ad-Scr) did not change endogenous PGC-1a expression. (C) HUVECs were infected with Ad-Scr
or Ad-shPGC-1« in the absence or presence of high glucose. Cell viability was determined by CCK-8. (D) After treat-
ment as described in (C), HUVECs apoptosis was determined by Annexin V/PI staining followed by flow cytometry.
(E). Quantitative analysis of the percentage of apoptotic cells. *P < 0.05, **P < 0.01 vs. control, ##P < 0.01 vs.

high glucose alone, n = 6.

apoptosis was analyzed by flow cytometry with
Annexin V/Pl double staining (Figure 2D).
Expectedly, there was no significant difference
in the apoptotic population of HUVECs between
control and Ad-shPGC-1a groups. Treatment
with high glucose for 48 h induced an apoptotic
rate of 16.8 + 2.0%, which could be further
enhanced by the Ad-shPGC-1a (Figure 2E).
These data suggest that lack of PGC-1a pro-
duces no effect on cell viability under basal
conditions, but accelerates cell apoptosis
induced by high glucose.

Knockdown of PGC-1a augmented high
glucose-induced alterations in mitochondrial
membrane permeability

The loss of mitochondrial membrane potential
(MMP) is a prominent feature during the pro-
cess of apoptosis [19]. We firstly measured the
inner mitochondrial membrane (IMM) permea-
bilization using the calcein AM staining (Figure
3A). PGC-1a deficiency had no effects on IMM
permeabilization under basal conditions (data
not shown). 48 h after high glucose treatment,
the IMM was destroyed as it showed that calce-
in-dependent fluorescence was remarkably
quenched by Co?*, which was further enhanced
in As-shPGC-la-infected cells (Figure 3B).
Moreover, we detected the MMP by JC-1 stain-
ing (Figure 3C). After high glucose treatment,
the red fluorescence of JC-1 was dramatically
decreased, while the green fluorescence was
increased, resulting in an attenuated ratio of
red/green intensity. Knockdown of PGC-la
notably enhanced the decrease in red/green
fluorescence ratio induced by high glucose,
whereas Ad-Scr exhibited no effects on MMP
alternations (Figure 3D).

Lack of PGC-1a exaggerated high glucose-
induced cytochrome c release and caspases
activation

It has been documented that MMP destabiliza-
tion results in cytochrome c¢ release and
sequentially activates caspase cascades, such
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as caspase-3 and caspase-9 [20]. As shown in
Figure 4A-D, high glucose-treated cells dis-
played a more than 1.5-fold increase of cyto-
chrome c in cytoplasm compared with control
group. In parallel with this, the content of cyto-
chrome in mitochondria was significantly
decreased. As expected, the increased translo-
cation of cytochrome ¢ was further enhanced in
Ad- PGC-1a-infected cells. Next, we examined
the caspases activation. Western blot showed
that caspase-3 and caspase-9 were both
remarkably elevated by high glucose treatment
and were further enhanced by infection with
Ad-shPGC-1a (Figure 4E, 4F). The cytochrome ¢
level and caspases activation were not signifi-
cantly changed by Ad-Scr.

PGC-1a deficiency enhanced high glucose-
induced cell apoptosis through activation of
VDAC1

To investigate the mechanism by which PGC-1«
regulates HUVECs apoptosis, we firstly deter-
mined the expression of anti-apoptotic protein
Bcl-2 and pro-apoptotic protein Bax. Although
lower Bcl-2 expression and higher Bax expres-
sion were observed following high glucose
treatment, no differences were noted following
infection with Ad-shPGC-1a compared to high
glucose-treated cells (Figure 5A). Excessive
oxygen species (ROS) and abnormal endoplas-
mic reticulum (ER) stress have been suggested
to be major contributors for apoptosis [21, 22].
As shown in Figure 5B, ROS generation was sig-
nificantly increased following incubation with
high glucose for 48 h. However, high glucose-
induced ROS generation remained unchanged
after infection with Ad-shPGC-1a (Figure 5C).
Additionally, GRP78, a maker protein of endo-
plasmic reticulum (ER) stress, was examined by
western blot. As shown in Figure 5D, lack of
PGC-1« inhibited high glucose-induced GRP78
expression despite the increased apoptosis.
There data indicate that ROS generation and
ER stress are not responsible for the enhanced
effects on high glucose-induced apoptosis in
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Figure 3. PGC-1a deficiency exacerbated high glucose-induced mitochondrial membrane dysfunction. HUVECs were
infected with Ad-Scr or Ad-shp PGC-1a for 24 h, and then were cultured in high glucose medium for another 48 h.
A. After treatment, cells were loaded with calcein-AM with Co?*, representative photographs of inner mitochondrial
membrane permeabilization was captured by confocal microscopy. B. Quantitative measurements of calcein fluo-
rescence intensity assessed by microplate reader. C. Loss of mitochondrial membrane potential was measured
using JC-1 staining by confocal microscopy. Representative images of JC-1 derived fluorescence in HUVECs. D.
Quantitative analysis of the ratio of red/green fluorescence. **P < 0.01 vs. control, ##P < 0.01 vs. high glucose
alone, n = 6.

PGC-1a deficiency cells. It is well recognized tor of VDACL. Treatment with DIDS exhibited no
that voltage-dependent anion channel (VDAC) effects on the apoptotic population of HUVECs
is involved in the process of apoptosis [23]. under basal conditions, while markedly inhibit-
Initially, we determined three VDAC isoforms ed the increased apoptosis in high glucose-
expression levels (Figure 5E). Although VDAC2 treated PGC-1a deficiency cells (Figure 5F, 5G).
and VDAC3 protein expression were elevated

following exposure to high glucose, no signifi- Discussion

cant differences were observed after knock-

down of PGC-1a. Of note, merely the increased Dysfunction and activation of the endothelium
VDAC1 expression induced by high glucose have been implicated as critical factors in the
were obviously enhanced following infection pathogenesis of vascular disease in diabetes
with Ad-shPGC-1a, indicating VDAC1 may be a mellitus [18]. An understanding of the precise
key element for PGC-1a in accelerating apopto- molecular mechanism of ECs injury and apop-
sis induced by high glucose. To verify this tosis caused by hyperglycemia is essential to
notion, we infected HUVECs with Ad-shPGC-1¢, clarify the contribution of ECs dysfunction in
and then submitted the cells to high glucose diabetic  cardiovascular complication. In
medium in the presence of 4,4'-diisothiocya- HUVECs, we observed that high glucose treat-
nostilbene-2,2’-disulfonic acid (DIDS), an inhibi- ment decreased cell viability in a concentration
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Figure 4. Knockdown of PGC-1a augmented high glucose-induced cytochrome c¢ release and caspases activation.
HUVECs were treated with Ad-shPGC-1a for 24 h in prior incubation with high glucose for another 48 h. (A) Western
blot analysis of cytochrome ¢ (Cyto-c) protein expression in the mitochondrial and cytosol. (B and C) Densitometric
analysis of cytochrome ¢ expression in the mitochondrial (B) and cytosol (C). (D) Densitometric analysis of cyto-
chrome c release from mitochondria to cytoplasm. (E and F) Protein expression of caspase-3 (E) and -9 (F) were
measured by western blot. **P < 0.01 vs. control, ##P < 0.01 vs. high glucose, n = 6.

and time dependent manner. Given that chang-
es of PGC-1a expression in various tissues par-
alleled with the glucose level, as seen in dia-
betic subjects [6-8], we hypothesized that high
glucose may affect PGC-la expression in
HUVECs. Here, we showed that high glucose
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concentration-dependently and time-depend-
ently inhibited PGC-1a expression. Our findings
were consistent with a previous study in VSMCs,
which reported that the expression of PGC-1a
was decreased after high glucose treatment
[9]. Furthermore, reduction of PGC-1a dramati-
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Figure 5. PGC-1a deficiency exaggerated ECs apoptosis through activation of VDAC1. HUVECs were pre-treated with
Ad-Scr or Ad-shPGC-1a for 24 h following incubation with high glucose in the absence or presence of DIDS. A. Bcl-2
and Bax protein levels were examined by western blot. B. Representative images for cells loaded with H2DCF-DA
(10 pmol/L) was captured with a fluorescence microscopy. C. Quantitative analysis of DCF fluorescence intensity
assessed by microplate reader. D. Western blot showed that Ad-shPGC-1a inhibited high glucose-induced Bip/
GRP78 expression. E. VDAC isoforms (VDAC1, VDAC2 and VDAC3) expression levels were determined by western
blot using B-actin as an internal control. F. cell apoptosis was determined by Annexin V/PI staining. G. Quantitative
analysis of the percentage of apoptotic cells. **P < 0.01 vs. control, ##P < 0.01 vs. high glucose, &&P < 0.01 vs.

high glucose+Ad-shPGC-1a, n = 6.

cally potentiated high glucose-induced cell inju-
ry and apoptosis. These data provide the first
and compelling evidence that PGC-1a plays an
important role in ECs apoptosis. Apoptosis is a
critical process under physiological conditions,
whereas dysregulation occurs in pathological
state [24]. Apoptosis can be triggered by vari-
ous stimuli; however, execution occurs mainly
through several pathways, including mitochon-
dria [13], ROS generation [15], ER stress [21]
and voltage-dependent anion channel (VDAC)
[23]. Mitochondria have been documented to
be the central executer of apoptosis through
the well-known mitochondria-dependent path-
way [13, 25]. Mitochondrial dysfunction occurs
following IMM permeabilization and loss of
MMP, and consequently induces pro-apoptotic
cytochrome ¢ release into cytosol, leading to
activation of caspases, such as caspase-3 and
caspase-9 [19, 20]. In the present study, PGC-
1« deficiency further enhanced IMM permeabi-
lization, decreased MMP, increased cyto-
chrome c release into cytosol and potentiated
caspases activation. The data suggest that
reduction of PGC-1a enhanced mitochondrial
dysfunction and thus exacerbated high glu-
cose-induced apoptosis. It is well recognized
that mitochondrial membrane permeability is
controlled by the balance between anti-apop-
totic protein Bcl-2 and pro-apoptotic protein
Bax [22]. When this balance is disrupted, the
mitochondrial membrane is destroyed, which
leads to activation of downstream apoptotic
signaling cascades [25, 26]. Here, although
some differences were observed in the levels
of these two proteins following exposure to high
glucose, lack of PGC-1a did not produced any
effects on these alterations. ROS generation
has been suggested to be a major inducer of
mitochondrial dysfunction and play an impor-
tant role in the regulation of ECs apoptosis [14,
15]. However, the analysis of ROS generation
did not support the enhanced apoptosis in
PGC-1a knockdown cells as it demonstrated
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that high glucose-induced ROS generation was
indistinguishable before and after infection
with Ad-shPGC-1a. Of note, recent studies indi-
cate that PGC-1« also plays a crucial role in the
regulation of mitochondrial antioxidants and
oxidative stress [27, 28]. For example, PGC-1a
knockout mice showed decreased antioxidants
expression, increased ROS generation and
enhanced susceptibility to oxidative stress-
mediated cell death [11, 29]. Thus, different
cell type and/or different apoptotic stimuli
should be noted. In addition, we also found that
ER stress was not involved in the increased
apoptosis in high glucose-treated PGC-1la
knockdown cells because PGC-1a deficiency,
even more, inhibited high glucose-induced ER
stress. Therefore, our results indicate that the
enhanced sensitivity to high glucose-induced
ECs apoptosis in PGC-1a deficiency cells is not
likely due to changes in apoptosis-associated
regulatory proteins, ROS generation and ER
stress. The voltage-dependent anion channel
(VDAC) located in the outer mitochondrial mem-
brane is a critical player in the regulation of
many physiological and pathophysiological pro-
cesses, including energy metabolism [30, 31],
and cell apoptosis [23, 32]. Previous studies
have demonstrated that induction of VDAC1
promoted cell apoptosis [33] and a plethora of
apoptosis inducers was accompanied by highly
increased VDAC1 expression [34]. Intriguingly,
we found that PGC-1a deficiency merely aug-
mented VDAC1 protein expression and pharma-
cological inhibition of VDAC1 significantly inhib-
ited the increased apoptosis in high glucose-
treated PGC-1a knockdown cells, further indi-
cating PGC-1a protects ECs apoptosis through
activation of VDAC1. In summary, our study
demonstrated PGC-1a deficiency potentiated
high glucose-induced VADC1 expression and
activated mitochondria-dependent pathway,
which resulted in the increased HUVECs apop-
tosis. These findings revealed that down-regu-
lation of PGC-1a is one of the major contribu-
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tors for ECs apoptosis, suggesting PGC-1a may
be a rational therapeutic strategy to protect
cardiovascular complications in diabetes.
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