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Abstract
Given the cytoprotective ability of erythropoietin (EPO) in cerebral microvascular endothelial
cells (ECs) and the invaluable role of ECs in the central nervous system, it is imperative to
elucidate the cellular pathways for EPO to protect ECs against brain injury. Here we illustrate that
EPO relies upon the modulation of SIRT1 (silent mating type information regulator 2 homolog 1)
in cerebral microvascular ECs to foster cytoprotection during oxygen-glucose deprivation (OGD).
SIRT1 activation which results in the inhibition of apoptotic early membrane phosphatidylserine
(PS) externalization and subsequent DNA degradation during OGD becomes a necessary
component for EPO protection in ECs, since inhibition of SIRT1 activity or diminishing its
expression by gene silencing abrogates cell survival supported by EPO during OGD. Furthermore,
EPO promotes the subcellular trafficking of SIRT1 to the nucleus which is necessary for EPO to
foster vascular protection. EPO through SIRT1 averts apoptosis through activation of protein
kinase B (Akt1) and the phosphorylation and cytoplasmic retention of the forkhead transcription
factor FoxO3a. SIRT1 through EPO activation also utilizes mitochondrial pathways to prevent
mitochondrial depolarization, cytochrome c release, and Bad, caspase 1, and caspase 3 activation.
Our work identifies novel pathways for EPO in the vascular system that can govern the activity of
SIRT1 to prevent apoptotic injury through Akt1, FoxO3a phosphorylation and trafficking,
mitochondrial membrane permeability, Bad activation, and caspase 1 and 3 activities in ECs
during oxidant stress.
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INTRODUCTION
Interest for the role and biological activity of erythropoietin (EPO) in systems exclusive of
the hematopoietic system continues at an astounding rate, especially in vascular and
neuronal pathways [1-11]. EPO may be protective for a number of disorders such as diabetes
[6, 12-17], atherosclerosis [18], angiogenesis [19-22], neurodegenerative disorders [23-26],
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and ischemic injury [2, 5, 24, 27-31]. For the vascular system with endothelial cells (ECs),
several cellular signals can serve as essential components for EPO to protect ECs, such as
the serine/threonine kinase protein kinase B (Akt) [2, 5, 32-35], the signal transducer and
activator of transcription (STAT) [5, 20, 36, 37], caspases [3, 12, 38], and the Bad, Bcl-xL/
Bcl-2 pathway [4, 39].

EPO also appears to govern the forkhead transcription factor FoxO3a which is linked to
pathways of cell death, metabolism, and longevity [5, 12, 40-44]. As a downstream target of
Akt, FoxO3a through EPO can be phosphorylated and retained in the cytoplasm preventing
nuclear translocation and apoptotic injury [5]. Interestingly, the sirtuin (silent mating type
information regulation 2 homolog) 1 (S. cerevisiae) (SIRT1) can deacetylate histones and
transcription factors [45-50] including FoxO3a to control cellular survival [51, 52].

Given the relationship among EPO, Akt1, FoxO3a, and potentially SIRT1, we investigated
the ability of EPO to modulate SIRT1 expression, activity, and cellular trafficking. We
demonstrate in an oxidant stress oxygen-glucose deprivation model that EPO increases
endogenous SIRT1 activity in ECs and promotes the subcellular trafficking of SIRT1 to the
nucleus which is necessary for EPO to foster vascular protection. Furthermore, EPO
activates Akt1 to phosphorylate FoxO3a and retain this transcription factor in the cytoplasm
of ECs to block apoptotic demise. SIRT1 through EPO activation also utilizes mitochondrial
pathways to prevent mitochondrial depolarization, cytochrome c release, and Bad, caspase 1,
and caspase 3 activation. Our work elucidates a novel relationship between EPO and SIRT1
for the maintenance of vascular integrity during oxidative stress.

MATERIALS AND METHODS
Cerebral Microvascular Endothelial Cell Cultures

All procedures were approved by the Institutional Animal Care and Use Committee of
UMDNJ with protocol # 10097. All efforts were made to minimize the number of animals
used and their suffering. ECs were isolated from Sprague-Dawley adult rat brain cerebra by
using a modified collagenase/dispase-based digestion protocol [2, 5, 53]. Briefly, rat brains
were removed and cerebella were cut off aseptically [52, 54]. The cerebral cortices cleaned
of white matter were trimmed into blocks (approximately 1-2 mm3). The blocks were then
incubated in dissociation medium containing 1 mg/ml collagenase/dispase (Roche,
Mannheim, Germany) in M199E with 0.5% antibiotic-antimycotic solution at 37°C for 2
hours. The cell slurry formed was homogenized and was then re-suspended with 15%
dextran (Sigma, Louis, MO, USA). Following centrifugation at 4,000 × g for 20 min (4°C),
the pellet was re-suspended in a minimal volume of HEPES buffer and layered onto a pre-
prepared colloidal silica gradient solution of 45% Percoll (Sigma, Louis, MO, USA) in
Dulbecco’s PBS. The upper band (ECs) was collected following centrifugation at 20,000 × g
for 20 min (10°C). Cells were re-suspended in growth medium containing 20% heat-
inactivated fetal bovine serum, 2 mM L-glutamine, 90 μg/ml heparin, 20 μg/ml endothelial
cell growth supplement (ICN Biomedicals, Aurora, OH, USA), and 0.5% antibiotic-
antimycotic solution in M199E. The cells were plated on gelatin-coated dishes and
continuously incubated in a humidified atmosphere of 5% CO2 and 95% room air. All
experiments were performed using the third passage cells. Endothelial cells were identified
by positive direct immunocytochemistry for factor VIII-related antigen [2, 5, 53] and by
characteristic spindle-shaped morphology with antigenic properties shown to resemble brain
endothelium in vivo [55]. All animal experimentation was conducted in accord with
accepted standards of humane animal care and NIH guidelines.
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Experimental Treatments
Oxygen-glucose deprivation (OGD) in ECs was performed by replacing the media with
glucose-free Hank’s balanced salt solution containing 116 mmol/l NaCl, 5.4 mmol/l KCl,
0.8 mmol/l MgSO4, 1 mmol/l NaH2PO4, 0.9 mmol/l CaCl2, and 10 mg/l phenol red (pH 7.4)
and cultures were maintained in an anoxic environment (95% N2 and 5% CO2) at 37 °C per
the experimental paradigm. For treatments applied prior to OGD, application of EPO (R&D
Systems, Minneapolis, MN, USA), resveratrol [3,5,4′ -trihydroxy-trans-stilbene) (Tocris
Bioscience, Ellisville, MO), or 6-chloro-2,3,4,9-tetrahydro-1H-carbazole-1-carboxamide
(EX527, Tocris Bioscience, Ellisville, MO) were continuous [56, 57].

Assessment of Cell Survival
EC injury was determined by bright field microscopy using a 0.4% trypan blue dye
exclusion method following OGD per our previous protocols [56, 57]. The mean survival
was determined by counting eight randomly selected non-overlapping fields with each
containing approximately 10-30 cells (viable + non-viable) in each 24 well plate or 35 mm
dish.

Assessment of DNA Fragmentation
Genomic DNA fragmentation was determined by the terminal deoxynucleotidyl transferase
nick end labeling (TUNEL) assay [12, 58, 59]. Briefly, ECs were fixed in 4%
paraformaldehyde/0.2% picric acid/0.05% glutaraldehyde and the 3′-hydroxy ends of cut
DNA were labeled with biotinylated dUTP using the enzyme terminal deoxytransferase
(Promega, Madison, WI) followed by streptavidin-peroxidase and visualized with 3,3′-
diaminobenzidine (Vector Laboratories, Burlingame, CA).

Assessment of Membrane Phosphatidylserine (PS) Residue Externalization
Externalization of membrane PS residues was determined by using Annexin V labeling per
our prior studies [45, 47, 58, 59]. A 30 μg/ml stock solution of Annexin V conjugated to
phycoerythrin (PE) (R&D Systems, Minneapolis, MN) was diluted to 3 μg/ml in warmed
calcium containing binding buffer (10 mmol/L Hepes, pH 7.5, 150 mmol/L NaCl, 5 mmol/L
KCl, 1 mmol/L MgCl2, 1.8 mmol/L CaCl2). Plates were incubated with 500 μl of diluted
Annexin V for 10 minutes. Images were acquired with “blinded” assessment with a Leitz
DMIRB microscope (Leica, McHenry, IL) and a Fuji/Nikon Super CCD (6.1 megapixels)
using transmitted light and fluorescent single excitation light at 490 nm and detected
emission at 585 nm [12].

Expression of SIRT1, Phosphorylated Akt1, Total Akt1, Phosphorylated FoxO3a, Total
FoxO3a, Phosphorylated Bad, and Active Caspase 1 and 3

ECs were homogenized and each sample (50 μg/lane) was subjected to SDS-polyacrylamide
gel electrophoresis (7.5% SIRT1, 7.5% Akt1, and FoxO3a; 12.5% Bad, caspase 1 and 3).
After transfer, the membranes were incubated with a rabbit polyclonal antibody against
SIRT1 (1:200, Santa Cruz Biotechnologies, Santa Cruz, CA), a rabbit polyclonal antibody
against phospho-Akt1 (Ser473, 1:1000, Cell Signaling, Beverly, MA), a rabbit antibody
against total Akt1, a rabbit polyclonal antibody against phospho-FoxO3a (1:1000) (p-
FoxO3a, Ser253, Cell Signaling, Beverly, MA), a rabbit antibody against total FoxO3a, a
rabbit monoclonal antibody against phospho-Bad (Ser136, 1:1000, Cell Signaling, Beverly,
MA), and a rabbit antibody against cleaved (active) caspase 1 (20 kDa) (1:1000), or a rabbit
antibody against cleaved (active) caspase 3 (17 kDa) (1:1000) (Cell signaling Technology,
Beverly, MA). Following washing, the membranes were incubated with a horseradish
peroxidase (HRP) conjugated secondary antibody goat anti-rabbit IgG (1:2000, Zymed
Laboratories, Carlsbad, CA). The antibody-reactive bands were revealed by
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chemiluminescence (Amersham Pharmacia Biotech, Piscataway, NJ) and band density was
performed using the public domain NIH Image program (developed at the U.S. National
Institutes of Health and available at http://rsb.info.nih.gov/nih-image/).

SIRT1 Histone Deacetylase (HDAC) Activity Assay
Per our prior protocols [52], ECs were homogenized and following protein determination,
each sample (30 μg/10 μl) was used for SIRT1 activity measurement. SIRT1 histone
deacetylase (HDAC) activity was determined with the use of SIRT1 Fluorimetric Drug
Discovery Kit (Biomol International, Plymouth Meeting, PA) and following the
manufacturer’s protocol. EC protein extracts were incubated in assay buffer with ß-
nicotinamide adenine dinucleotide (NAD+) substrate at 37°C for 45 minutes. The
fluorescence density was determined using a Multimode Detector (DTX880, Beckman
Coulter, Brea, CA) and the relative activity of SIRT1 compared to untreated control ECs
was used in the results.

Gene Silencing of SIRT1 with Small Interfering RNA (siRNA)
To silence SIRT1 gene expression, the following sequences were synthesized (Applied
Biosystems, Foster City, CA): the SIRT1 siRNA sense strand 5′-
GCGAUGUUAUAAUUAAUGAtt-3′ and the antisense strand 5′-
UCAUUAAUUAUAACAUCGCag-3′. Transfection of siRNA duplexes was performed
with Lipofectamine 2000 reagent according to manufacturer guidelines (Invitrogen,
Carlsbad, CA). Experimental assays were performed 72 hours post-transfection. For each
siRNA assay, positive controls contain multiple siRNAs including the target siRNA and
negative controls are absent of the target siRNA. In addition, following gene knockdown of
SIRT1, the expression of these proteins was assessed by immunofluorescence and western
analysis. EC cultures were incubated with rabbit anti-SIRT1 (1:100, Santa Cruz
Biotechnologies, Santa Cruz, CA) at 4°C over night. After incubation with biotinylated anti-
rabbit IgG (1:50) (Vector Laboratories, Burlingame, CA) at room temperature for 2 hours,
the expression was revealed by conjugation to fluorescein avidin (1:50) (Vector
Laboratories, Burlingame, CA) [52].

Assessment of Mitochondrial Membrane Potential
The fluorescent probe JC-1 (Molecular Probes, Eugene, OR), a cationic membrane potential
indicator, was used to assess the mitochondrial membrane potential [46, 60]. ECs in 35 mm
dishes were incubated with 2 μg/ml JC-1 in growth medium at 37 °C for 30 min. The
cultures were washed three times using fresh growth medium. Mitochondria were then
analyzed immediately under a Leitz DMIRB microscope (Leica, McHenry, IL, USA) with a
dual emission fluorescence filter with 515-545 nm for green fluorescence and emission at
585-615 nm for red fluorescence [58].

Preparation of Mitochondria for the Analysis of Cytochrome c Release
After washing once with ice-cold PBS, cells were harvested at 10,000g for 15 min at 4°C
and the resulting pellet was re-suspended in buffer A (20 mM HEPES, pH 7.5, 10 mM KCl,
1.5 mM MgCl2, 1 mM EDTA, 1 mM EGTA, 1 mM dithiothreitol, 0.1
phenylmethylsulfonylfluoride) containing 250 mM sucrose and used as the mitochondrial
fraction. The supernatant was subjected to ultracentrifugation at 50,000 g for 1 hour at 4 °C
with the resultant supernatant used as the cytosolic fraction [61].

Immunocytochemistry for SIRT1, FoxO3a, and Caspase 3
Per our prior protocols [52, 54, 56, 57, 62], for immunocytochemical staining of SIRT1,
FoxO3a, or cleaved caspase 3 (active form), ECs were fixed with 4% paraformaldehyde and
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permeabilized using 0.2% Triton X-100. Cells were then incubated with rabbit anti-SIRT1
(1:100, Santa Cruz Biotechnologies, Santa Cruz, CA), anti-FoxO3a (1:100, Cell Signaling
Technology, Beverly, MA) or rabbit anti-cleaved caspase 3 (1:200, Cell Signaling
Technology, Beverly, MA) over night at 4 °C and then with biotinylated anti-rabbit IgG
(1:50, Vector laboratories) for 2 hours followed by Texas Red streptavidin (1:50, Vector
laboratories) for 1 hour. Cells were washed in PBS, then stained with DAPI (Sigma, St.
Louis, MO) for nuclear identification. SIRT1, FoxO3a, and caspase 3 proteins were imaged
with fluorescence at the wavelengths of 565 nm (red) and 400 nm (DAPI nuclear staining).

Subcellular Translocation of SIRT1 or FoxO3a by Western Analysis
Per our prior protocols [5, 52], ECs were initially homogenized. The cytoplasmic and
nuclear proteins were subsequently prepared by using NE-PER nuclear and cytoplasmic
extraction reagents according to the instructions of the manufacturer (Pierce, Rockford, IL).
The expression of SIRT1 or FoxO3a in the EC nucleus and cytoplasm was determined by
Western analysis. Each sample (50 μg/lane) was subjected to 7.5% SDS-polyacrylamide gel
electrophoresis. After transfer, the membranes were incubated with a rabbit polyclonal
antibody against SIRT1 (1:200) (Santa Cruz Biotechnologies, Santa Cruz, CA) or a primary
rabbit antibody against FoxO3a (1:1000) (Cell Signaling, Beverly, MA). After washing, the
membranes were incubated with a horseradish peroxidase conjugated with a secondary
antibody (goat anti-rabbit IgG, 1:2000) (Invitrogen, Carlsbad, CA). The antibody-reactive
bands were revealed by chemiluminescence (Amersham Pharmacia Biotech, Piscataway,
NJ) and band density was performed using the public domain NIH Image program
(developed at the U.S. National Institutes of Health and available at
http://rsb.info.nih.gov/nih-image/).

Statistical Analysis
For each experiment, the mean and standard error were determined. Statistical differences
between groups were assessed by means of analysis of variance (ANOVA) from 6 replicate
experiments with the post-hoc Dunnett’s test. Statistical significance was considered at
P<0.05.

RESULTS
Oxygen-Glucose Deprivation (OGD) Results in Progressive EC Injury

We investigated EC survival after exposure to OGD at various periods of exposure of 6
hours, 8 hours, and 12 hours. Cell survival was assessed with trypan blue exclusion 24 hours
after OGD exposure. As shown in Fig. (1A), representative pictures demonstrate that
exposure to OGD for 6, 8 or 12 hours results in a loss of membrane integrity and staining in
a significant number of ECs cells with trypan blue dye exclusion method. The quantitative
results demonstrate that EC survival was significantly decreased to 57 ± 6% (6 hours), 39 ±
4% (8 hours), and 12 ± 4% (12 hours) after OGD when compared to untreated control
cultures (97 ± 8%) (Fig. 1B). Since OGD exposure for a period of 8 hours resulted in
survival rate of approximately 39% (61% EC loss), this duration of OGD was used for the
reminder of the experimental paradigms.

EPO Protects Against OGD Cell Death and Apoptotic Demise
We next examined the ability of EPO to alter EC injury following OGD exposure. EPO at a
series of concentrations (0.1~100 ng/ml) was applied to EC cultures 1 hour prior to the
administration of OGD and cell survival was determined 24 hours later by using trypan blue
exclusion method. As shown in Fig. (1C), EPO at the concentrations of 1, 10, and 50 ng/ml
significantly reduced trypan blue uptake in ECs and the concentration of 10 ng/ml provided

Hou et al. Page 5

Curr Neurovasc Res. Author manuscript; available in PMC 2011 August 4.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://rsb.info.nih.gov/nih-image/


the maximal EC survival, which was used for the subsequent experiments. Concentrations
lower than 0.1 ng/ml or higher than 50 ng/ml did not improve EC survival during OGD (Fig.
1C).

At 24 hours after OGD exposure, apoptotic DNA fragmentation and phosphatidylserine (PS)
exposure were assessed by TUNEL assay and Annexin V labeling method respectively. As
shown in Fig. 1D, the quantitative results indicated that percent cell injury, DNA
fragmentation, and percent PS exposure were significantly increased following OGD
exposure, but EPO (10 ng/ml) pretreatment significantly reduced percent cell injury, DNA
fragmentation and PS exposure to 28 ± 3%, 28 ± 2%, and 20 ± 5% respectively.

EPO Enhances Endogenous SIRT1 Activity and Fosters SIRT1 Shuttling to the Nucleus
We next examined an activator of SIRT1 with resveratrol (15 μM) and the specific small-
molecule inhibitor of SIRT1 catalytic activity EX527 (2 μM) [63] to alter SIRT1 activity
assessed by HDAC activity at 6 hours and 24 hours following OGD exposure (Fig. 1E).
Gene knockdown of SIRT1 also was performed with siRNA. Over a 24 hour course, OGD
exposure led to a decrease in SIRT1 activity to 0.57 ± 0.10. However, resveratrol (15 μM)
significantly increased HDAC activity similar to EPO (10 ng/ml) increasing SIRT1 activity.
The SIRT1 inhibitor EX527 (2 μM) decreased HDAC activity significantly at 24 hours to
0.38 ± 0.10. In addition, gene knockdown of SIRT1 by SIRT1 siRNA also decreased HDAC
activity at 6 and 24 hours to 0.15 ± 0.10 and 0.13 ± 0.10 respectively. More importantly, the
effect of EPO on HDAC activity was abolished by either EX527 or SIRT1 siRNA
transfection at 6 hours and 24 hours (Fig. 1E).

We next examined the cellular trafficking of SIRT1 in ECs after OGD (Figs. 2A, 2B). In
some scenarios, loss of SIRT1 endogenous cellular expression may result in cell injury
during toxin exposure [45, 47] and nuclear translocation of SIRT1 may be necessary for cell
survival and growth [48, 64]. We employed immunofluorescent staining for SIRT1 and
DAPI nuclear staining to follow the translocation of SIRT1 at 6 hours after OGD. Untreated
control ECs in merged images do not have visible nuclei (red in color, white arrows),
suggesting that SIRT1 is present in both cytoplasmic and nuclear locations. After OGD
exposure, a significant proportion of SIRT1 is confined to the cytoplasm of ECs as
illustrated by minimal nuclear red staining with contrasting marked DAPI staining (blue
nuclei in color) in the nucleus in ECs in merged images. In contrast, administration of EPO
(10 ng/ml) or resveratrol (RES, 15 μM) fostered the translocation of endogenous SIRT1
from the cytoplasm to the nucleus, which is illustrated by the inability to detect significant
DAPI nuclear staining (blue in color) in cells during merged elevated images since SIRT1
staining overlapped DAPI staining in ECs. Application of the specific SIRT1 inhibitor
EX527 (2 μM) during OGD prevented the nuclear translocation of SIRT1 and retained
SIRT1 in the cytoplasm of ECs to a greater degree than during periods with OGD alone.
Application of EPO alone or in combination with resveratrol led to similar levels of nuclear
localization of SIRT1, but inhibition of SIRT1 catalytic activity with EX527 prevented EPO
from fostering nuclear localization of SIRT1.

We also examined SIRT1 subcellular translocation from the cell cytoplasm to the nucleus
through western analysis (Figs. 2C, 2D). At 24 hours following OGD, SIRT1 remained
confined to the cytoplasm of ECs, but resveratrol, EPO, or combined resveratrol and EPO
resulted in significant nuclear localization of SIRT1. Yet, inhibition of SIRT1 catalytic
activity with EX527 (2 μM) markedly reduced the translocation of SIRT1 to the nucleus and
maintained SIRT1 in the cytoplasm of ECs to a greater extent than during OGD alone and
during EPO administration.
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Activation of SIRT1 is Necessary and Sufficient for EPO to Protect ECs during OGD
Western blot assay was performed for the endogenous cellular expression of SIRT1
following OGD. In Fig. (3A), expression of endogenous SIRT1 was progressively decreased
over 24 hours after OGD exposure. EPO (10 ng/ml) application prior to OGD prevented the
decrease in the SIRT1 expression at 1, 6 and 24 hours following OGD. Yet, transfection
with SIRT1 siRNA in ECs resulted in significant reduction of the expression of SIRT1
protein as revealed with Western blot analysis and immunocytochemistry at 6 hours after
OGD (Figs. 3B and 3C). As a control, non-specific scrambled siRNA did not alter SIRT1
protein expression in untreated control cells or cells exposed to OGD, illustrating the
specificity of SIRT1 siRNA to block protein expression of SIRT1.

To investigate whether SIRT1 activation is required for EPO protection, EC cell survival
and apoptosis were assessed with trypan blue staining, apoptotic genomic DNA
fragmentation (TUNEL), and membrane PS exposure (annexin V staining) 24 hours
following OGD. As shown in Fig. (4), representative images (Figs. 4A and 4C) demonstrate
that untreated control ECs were with minimal trypan blue, TUNEL or annexin V staining. In
contrast, OGD led to a significant increase in trypan blue staining, DNA fragmentation and
membrane PS exposure in ECs 24 hours after OGD. Inhibition of SIRT1 activity with
EX527 (2 μM) or during gene knockdown of SIRT1 with siRNA significantly increased cell
injury, DNA fragmentation, and PS membrane exposure following OGD when compared
with OGD alone. Transfection with non-specific scrambled siRNA did not alter cell injury.
Application of EPO (10 ng/ml), resveratrol (RES 15 μM) or combined EPO and resveratrol
given 1 hr prior to OGD significantly reduced trypan blue staining, DNA fragmentation, and
membrane PS exposure to a similar degree, suggesting that EPO and resveratrol were
relying upon a similar protective pathway that involved SIRT1. In further support of this,
protection by EPO was significantly reduced during inhibition of SIRT1 with EX527 or
during SIRT1 gene knockdown. Quantification of results (Figs. 4B and 4D) illustrate that
OGD led to a significant increase in percent trypan blue staining (56 ± 2%), DNA
fragmentation (55 ± 3%) and membrane PS exposure (54 ± 6%) in ECs 24 hours after OGD
when compared to untreated control cultures for trypan blue staining (3 ± 2%), for DNA (4
± 2%) and for PS (3 ± 2%) respectively. EC injury was further increased by EX527 (2 μM)
or gene knockdown of SIRT1 with siRNA. Application of EPO (10 ng/ml), resveratrol (RES
15 μM), or combined EPO and resveratrol therapy significantly decreased percent trypan
blue staining, DNA fragmentation, and membrane PS exposure. As noted above, protection
with EPO was markedly reduced during SIRT1 inhibition with SIRT1 inhibitor EX527 or
with SIRT1 siRNA transfection.

EPO Relies upon SIRT1 to Activate Akt1, Phosphorylate FoxO3a, and Retain FoxO3a in the
Cytoplasm of ECs during OGD

Western blot assay was performed for EC expression of phosphorylated FoxO3a, total
FoxO3a, phosphorylated Akt1 and total Akt1 following OGD exposure. Expression of
phosphorylated (inactive) p-FoxO3a was significantly increased at 6 hours and subsequently
decreased at 24 hours after OGD exposure (Fig. 5A). EPO (10 ng/ml) maintained the
expression of phosphorylated FoxO3a at 1,6 and 24 hours to a greater degree than OGD
exposure alone.

We next examined the activation and phosphorylation of Akt1 by EPO, resveratrol, and
during SIRT1 inhibition. Akt1 modulates the phosphorylation of FoxO3a that can inhibit its
activity [43, 65]. Without Akt, FoxO3a can remain unphosphorylated and active to
translocate to the cell nucleus to result in apoptosis [5, 66]. Since unphosphorylated FoxO3a
can translocate to the cell nucleus and not be bound by 14-3-3 proteins [17, 54], we
examined the ability of EPO and SIRT1 pathways to modulate post-translational
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phosphorylation of Akt1. As shown in Figs. (5B and 5C), Akt1 phosphorylation at 6 hours
during OGD was significantly increased by EPO (10 ng/ml), resveratrol (15 μM), or
combined EPO and resveratrol administration to a greater degree than by exposure to OGD
alone. Inhibition of SIRT1 activity with EX527 (2 μM) or gene knockdown of SIRT1 with
siRNA resulted in significantly decreased expression of phosphorylated Akt1 during OGD
exposure as well as during EPO administration, suggesting that EPO increases Akt1 activity
through SIRT1.

Since EPO was able to maintain inhibitory phosphorylation of FoxO3a through increased
Akt1 activity that was dependent upon SIRT1, we next examined whether EPO controlled
subcellular trafficking of FoxO3a through a SIRT1 dependent mechanism. We performed
immunofluorescent staining for FoxO3a with DAPI nuclear staining to follow the
subcellular translocation of FoxO3a at 6 hours after OGD exposure (Figs. 6A and 6C). In
the presence of OGD, immunofluorescent staining for FoxO3a in the nucleus of ECs is
markedly present. This is demonstrated by the inability to visualize DAPI nuclear staining
(blue in color) in ECs during merged images since significant FoxO3a staining is present in
the nucleus (Figs. 6A and 6C). In addition, either inhibition of SIRT1 activity with EX527
(2 μM) or gene knockdown of SIRT1 during OGD also allowed the translocation of FoxO3a
from the cell cytoplasm to the nucleus in ECs (Fig. 6A) and yielded significantly greater
nuclear translocation of FoxO3a than OGD alone (Fig. 6A). Furthermore, EPO (10 ng/ml),
resveratrol (RES 15 μM) or combined EPO and resveratrol therapy maintained FoxO3a in
the cytoplasm of ECs similar to untreated control cells, demonstrating minimal nuclear
staining as shown with DAPI staining (blue nuclei in color) in the nucleus of merged images
(Figs. 6A and 6C). To complement the immunofluorescent studies with assessment of
FoxO3a subcellular translocation from the cell cytoplasm to the nucleus, western analysis
results were consistent with our immunofluorescent work demonstrating that application
EPO (10 ng/ml), resveratrol (RES 15 μM), or combined EPO with resveratrol therapy
prevented translocation of FoxO3a in the nucleus during OGD and maintained FoxO3a in
the cytoplasm of ECs. In contrast, co-application of EX527 (2 μM) or transfection with
SIRT1 siRNA increased the subcellular trafficking of FoxO3a to the nucleus of ECs (Figs.
6B and 6D).

EPO Utilizes SIRT1 to Prevent Mitochondrial Depolarization, Cytochrome c Release, and
Activation of Bad in ECs during OGD

Mitochondrial depolarization in ECs was assessed during OGD by the cationic membrane
potential indicator JC-1. In Figs. (7A and 7B), OGD yielded a significant decrease in EC
mitochondrial red/green fluorescence intensity ratio at 6 hours after OGD (44 ± 5%) when
compared to untreated control mitochondria (100 ± 6%), suggesting that OGD results in
mitochondrial membrane depolarization. Inhibition of SIRT1 activity with EX527 (2 μM) or
gene knockdown of SIRT1 with siRNA (Figs. 7A and 7B) during OGD further decreased
mitochondrial membrane red/green fluorescence ratio to 20 ± 2% and 20 ± 3% respectively.
Non-specific scrambled siRNA did not change mitochondrial depolarization during OGD
when compared to OGD alone (Fig. 7A). Yet, EPO (10 ng/ml), resveratrol (RES 15 μM), or
combined EPO and resveratrol therapy given 1 hour prior to OGD significantly increased
the red/green fluorescence intensity of the mitochondria to 77 ± 4%, 76 ± 3%, and 80 ± 3%
respectively to block mitochondrial depolarization. Yet, the ability of EPO to modulate
mitochondrial depolarization was dependent upon the presence of SIRT1 activity since
application of EX527 (2 μM) or gene knockdown of SIRT1 with siRNA negated the ability
of EPO to maintain mitochondrial polarization (Figs. 7A and 7B).

Subsequent cytochrome c release from mitochondria was evaluated by Western blot for
cytochrome c expression in both mitochondrial and cytosol extractions. As shown in Figs.
(7C and 7D), OGD increased expression of cytochrome c in the cytosolic fractions. More
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intense release of cytochrome c into the cytosol was present during OGD and inhibition of
SIRT1 with EX527 (2 μM) or transfection with SIRT1 siRNA (Fig. 7C). Non-specific
scrambled siRNA did not alter cytochrome c expression during OGD exposure (Fig. 7C). In
contrast, EPO (10 ng/ml), resveratrol (RES 15 μM), or combined EPO and resveratrol
therapy prevented cytochrome c release from the mitochondria to equal degrees, suggesting
reliance upon SIRT1 pathways. Treatment with EX527 (2 μM) or SIRT1 siRNA eliminated
the ability of EPO to maintain cytochrome c in the mitochondrial fraction (Figs. 7C and 7D).

Since EPO is dependent upon SIRT1 to control mitochondrial depolarization and the release
of cytochrome c, we hypothesized that EPO through SIRT1 pathways also may modulate
phosphorylation of Bad. Bad is localized in the outer mitochondrial membrane and when
phosphorylated by Akt1 can bind to protein 14-3-3 to release Bcl-xL and prevent apoptosis
[39, 46, 49, 67, 68]. Western blot assay was performed for phosphorylated Bad (p-Bad) at
the preferential phosphorylation site (Ser136) of Akt1 (Figs. 7E and 7F). The expression of
phospho-Bad (p-Bad) was significantly reduced at 6 hours after OGD exposure. Application
of EPO (10 ng/ml), resveratrol (RES 15 μM), or combined EPO and resveratrol therapy
prior to OGD significantly increased the expression of p-Bad. Yet, SIRT1 inhibition with
EX527 (2 μM) or gene knockdown with SIRT1 siRNA decreased p-Bad expression and
antagonized the ability of EPO to phosphorylate Bad (Figs. 7E and 7F).

EPO through SIRT1 Blocks Caspase 1 and Caspase 3 Activation During OGD Exposure
With our present data, we show that EPO relies upon SIRT1 to modulate mitochondrial
membrane permeability and cytochrome c release. Therefore, we next examined whether
EPO requires SIRT1 to control caspase 1 and caspase 3 activities since mitochondrial
release of cytochrome c is a major pathway leading to apoptotic caspase activation [67,
69-72]. Immunocytochemistry analysis for caspase 3 demonstrates significant cleaved
(active) caspase 3 (red) staining) at 6 hours after OGD exposure, during the inhibition of
SIRT1 activity with EX527 (2 μM), or during gene knockdown of SIRT1 with siRNA. Non-
specific scrambled siRNA did not alter caspase 3 activity during OGD. Application of EPO
(10 ng/ml), resveratrol (RES 15 μM), or combined therapy with EPO and resveratrol during
OGD significantly blocked caspase 3 activity as evidenced by primarily blue
immunocytochemical staining and by reducing the percentage of cleaved caspase 3 labeling
to 21 ± 2%, 23 ± 3% and 20 ± 4% respectively from 52 ± 4% in ECs exposed to OGD alone
(Figs. 8A and 8B). Our data also suggests that EPO requires SIRT1 activity to limit caspase
3 activity, since the ability of EPO to modulate caspase 3 activity was lost during application
of the SIRT1 inhibitor EX527 (2 μM) or SIRT1 siRNA gene knockdown with EPO
exposure.

In Figs. (8C and 8D), the expression of cleaved (active) caspase 3 and caspase 1 on western
analysis were significantly increased at 6 hours after OGD exposure. Transfection with
SIRT1 siRNA or inhibition of SIRT1 activity with EX527 (2 μM) resulted in a significant
elevation in caspase 3 and caspase 1 activities, suggesting that endogenous SIRT1 in ECs
offers underlying protection against the apoptotic activation of caspase 3 and caspase 1
(Figs. 8C and 8D). Non-specific scrambled siRNA did not alter caspase 3 and caspase 1
activities during OGD exposure, further supporting the specific ability of SIRT1 to control
caspase 3 and caspase 1 activities. EPO (10 ng/ml), resveratrol (RES 15 μM), or combined
EPO and resveratrol therapy significantly blocked caspase 3 and caspase 1 activity during
OGD. However, the ability of EPO to limit caspase 3 and caspase 1 activity during OGD
was lost during combined application of the SIRT1 inhibitor EX527 (2 μM) or during
transfection with SIRT1 siRNA (Figs. 8C and 8D).
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DISCUSSION
In the present study, we demonstrate that EPO can reduce oxidative injury in cerebral
microvascular ECs in a dose dependent manner. We show that OGD exposure for a period
of 8 hours leads to a significant decrease in EC survival and an increase in apoptotic
membrane PS externalization and nuclear DNA fragmentation when compared to control
ECs. The concentration of EPO to provide cytoprotection was most effective at 10 ng/ml
and was consistent with prior studies [4, 5, 23, 24, 73]. As previously described [12], this
concentration is similar to serum levels of EPO during cardiac or renal disease that may
assist with cellular survival [74, 75] since clinical applications of EPO increase plasma EPO
levels significantly above the 1.0 ng/ml range offer beneficial outcomes [76, 77]. In
addition, EPO blocks apoptotic DNA degradation and PS exposure in ECs during oxidative
stress to a similar degree as seen in cardiac and vascular cell models [2, 5, 78, 79]. DNA
fragmentation and PS exposure can represent a continuum of apoptotic injury [13, 67, 80]
with inflammatory cell activation that eliminates ECs tagged with PS [58, 81-83].

SIRT1 can play an important role during EC function and survival. For example, activation
of SIRT1 also can prevent endothelial senescence [50] and reduce endothelial
atherosclerotic lesions during elevated lipid states [84], and prevent oxidative stress injury
[52, 85]. We show that endogenous SIRT1 expression in ECs is lost over 24 hours following
OGD exposure, but EPO can maintain the expression of SIRT1 during oxidative stress. Loss
of SIRT1 activity, such as during inhibition with SIRT1 inhibitor (EX527) or during gene
knockdown of SIRT1, results in significant EC injury and loss of EPO cytoprotection,
suggesting that endogenous SIRT1 in ECs is important for EC survival. In addition, SIRT1
activity is necessary and sufficient for EPO to protect ECs against OGD. SIRT1 is primarily
a nuclear protein [49, 86], but can shuttle between the cell nucleus and cytoplasm and may
be necessary for cell survival and differentiation [48, 64]. With evidence through both
western analysis and immunocytochemistry, we demonstrate that EPO or resveratrol
maintains SIRT1 in the nucleus of ECs. However, in the absence of EPO during non-
cytoprotective oxidative stress protocols alone or during blockade of SIRT1 catalytic
activity SIRT1 with EX527 remains confined to the cytoplasm of ECs.

EPO relies upon SIRT1 for the activation of Akt1, the phosphorylation of FoxO3a, and the
maintenance of FoxO3a in the cytoplasm of ECs. Activation of SIRT1 results in cellular
protection [52, 85] and has been associated with enhanced activity of Akt [46, 51, 87]. Akt1
can phosphorylate FoxO3a and block its activity [25, 43, 65, 88], but in the absence of Akt1
activity FoxO3a translocates to the cell nucleus for apoptotic injury [5, 66]. We demonstrate
that EPO or resveratrol leads to SIRT1 activation of Akt1, phosphorylation of FoxO3a, and
retention of FoxO3a in the cytoplasm of ECs during oxidative stress. Loss of SIRT1 activity
through pharmacological inhibition or gene knockdown results in the loss of EPO to control
Akt1 activity and phosphorylation of FoxO3a. EPO by activating SIRT1 phosphorylates
FoxO3a prevents the subcellular trafficking of FoxO3a from the cytoplasm to the EC
nucleus. In other studies, unphosphorylated (active) FoxO3a is able to disassociate from
14-3-3 proteins in the cytosol of cells and translocate to the cell nucleus to initiate apoptotic
transcriptional activity [5, 66].

EPO through SIRT1 also may rely upon the maintenance of mitochondrial membrane
permeability, which is a significant mechanism to preserve cell survival [52, 89, 90].
Agents, such as resveratrol that activate sirtuins can reduce mitochondrial reactive oxygen
species [85, 91, 92]. Our work demonstrates that EPO, resveratrol, and SIRT1 activation
prevents mitochondrial membrane depolarization following OGD exposure and the release
of cytochrome c in ECs. In contrast, inhibition of SIRT1 activity or gene knockdown of
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SIRT1 results in significant mitochondrial membrane permeability and the release of
cytochrome c.

Since EPO is dependent upon SIRT1 to control mitochondrial depolarization and the release
of cytochrome c, we next investigated whether EPO through SIRT1 pathways also may
modulate the phosphorylation of Bad. SIRT1 independently can activate and increase the
phosphorylation of Bad during experimental diabetes [52]. Bad is localized on the outer
mitochondrial membrane and binds to the anti-apoptotic Bcl-2 family member Bcl-xL
through its BH3 domain and release Bcl-xL following phosphorylation by Akt1 to prevent
mitochondrial dysfunction [39, 46, 49, 67, 68]. Our work shows that EPO and resveratrol
requires SIRT1 to significantly increase the phosphorylation of Bad during OGD. Loss of
SIRT1 during gene knockdown or inhibition of SIRT1 activity decreases the ability of EPO
to phosphorylate Bad, demonstrating that SIRT1 is a significant component for EPO to
maintain the activity of Bad during oxidative stress.

SIRT1 can reduce caspase activity following loss of mitochondrial permeability in other cell
systems such as chondrocytes [93] and retinal cells [94]. Furthermore, EPO alone can
modulate caspase activity [2, 3, 12, 38, 69, 95, 96]. As a result, we examined the ability of
EPO through SIRT1 to control apoptotic caspase 3 and caspase 1 activities in ECs during
OGD. We demonstrate that elevated OGD activates caspase 3 and caspase 1, but that EPO,
resveratrol, and SIRT1 activation significantly attenuates caspase 3 and 1 activities. Yet,
blockade of SIRT1 activity or gene knockdown of SIRT1 enhances the activities of these
proteases, illustrating that EPO through SIRT1 prevents caspase activation.

It is vital to elucidate the cellular mechanisms of protection for EPO in cerebral ECs. Our
present study demonstrates that EPO regulates SIRT1 activity to govern apoptotic injury
programs including early PS membrane and late DNA fragmentation. These pathways are
mediated through Akt1, phosphorylation and nuclear trafficking of FoxO3a, mitochondrial
membrane permeability, cytochrome c release, Bad activity, and caspase 1 and caspase 3
activities. Our work highlights a novel association between EPO and SIRT1 in the
regulation of apoptotic pathways in ECs.
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Fig. (1). EPO increases SIRT1 activity and prevents EC injury during OGD
(A) Primary cerebral ECs were exposed to OGD for 6, 8 and 12 hours and EC survival was
determined 24 hours after OGD. Representative images illustrate that OGD leads to
progressively increased EC injury over time. Control = untreated EC. (B) Quantitative
analysis shows that EC survival was significantly decreased to 57 ± 6% (6 h), 39 ± 4% (8 h),
and 12 ± 4% (12 h) after OGD when compared to untreated control cultures (97 ± 8%,
*P<0.01 vs. control). Each data point represents the mean and SEM from 6 experiments. (C)
A range of EPO dosage (0.1, 1, 10, 50 and 100 ng/ml) was applied 1 h prior to a 8 hour
period of OGD, EPO (1-50 ng/ml) significantly reduced trypan blue uptake and increased
survival during OGD. The concentration of EPO (10 ng/ml) provides the maximal EC
survival. Concentrations lower than 0.1 ng/ml or higher than 50 ng/ml did not improve EC
survival during OGD. (D) A significant increase in the staining of trypan blue (TB, 55 ±
4%), apoptotic DNA fragmentation (TUNEL, 55 ± 3 %), phosphatidylserine (PS, 54 ± 6%)
exposure 24 hours after a 8 hour period of OGD. In contrast, EPO (10 ng/ml) application
significantly reduced cell labeling to 28 ± 1% (TB), 28 ± 2 % (TUNEL), and 20 ± 5% (PS)
(*P<0.01 vs. OGD). Each data point represents the mean and SEM from 6 experiments. (E)
EPO (10 ng/ml), resveratrol (RES 15 μM), EX527 (2 μM) 1 hour pretreatment and SIRT1
siRNA transfection were assessed with their ability to alter SIRT1 HDAC activity at 6 hours
and 24 hours after OGD. HDAC activity in ECs significantly decreased at 24 hours after
OGD (*P<0.05 vs. untreated ECs = Control). EPO, RES, or EPO/RES significantly
increased HDAC in ECs, while EX527 and SIRT1 siRNA decreased HDAC activity (†P
<0.05 vs. OGD). Each data point represents the mean and SEM from 6 experiments.
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Fig. (2). EPO preserves SIRT1 nuclear shuttling in ECs during OGD
(A) ECs were imaged at 6 hours after OGD with immunofluorescent staining for SIRT1
(Texas-red streptavidin). Nuclei of ECs were counterstained with DAPI. In merged images,
untreated control ECs do not have visible nuclei (red in color, white arrows) that illustrate
nuclear localization of SIRT1. However, merged images after OGD show ECs with
distinctly blue nuclei and red cytoplasm (green arrows) illustrating that SIRT1 is confined to
the cytoplasm. In addition, inhibition of SIRT1 catalytic activity with EX527 (2 μM) also
confined SIRT1 to the cytoplasm to a greater degree than OGD alone. Yet, EPO (10 ng/ml),
resveratrol (RES 15 μM) or EPO/RES during OGD maintained SIRT1 in the nucleus of ECs
(*P<0.01 vs. untreated ECs = Control; †P <0.01 vs. OGD). (B) Quantification of the
intensity of SIRT1 nuclear staining was performed using the public domain NIH Image
program (http://rsb.info.nih.gov/nih-image). Each data point represents the mean and SEM
from 6 experiments. (C) Equal amounts of cytoplasmic or nuclear protein extracts (50 μg/
lane) were immunoblotted with anti-SIRT1 at 6 hours after OGD. SIRT1 expression is
confined to the cytoplasm after OGD, but EPO (10 ng/ml), resveratrol (RES 15 μM), or
EPO/RES application leads to the translocation of endogenous SIRT1 from the cytoplasm to
the nucleus. SIRT1 inhibitor EX527 (2 μM) prevents the translocation of SIRT1 to the
nucleus to a greater level than OGD alone. (D) Quantification of band density of SIRT1 was
performed using the public domain NIH Image program (http://rsb.info.nih.gov/nih-image).
(*P<0.01 vs. untreated ECs = Control; †P <0.01 vs. OGD). Each data point represents the
mean and SEM from 6 experiments.
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Fig. (3). EPO increases the expression of SIRT1 in ECs during OGD
(A) EC protein extracts (50 μg/lane) were immunoblotted with anti-SIRT1 (SIRT1) at 1, 6
and 24 hours after OGD. SIRT1 expression is progressively reduced over 24 hours after
OGD exposure (*P<0.01 vs. control), EPO (10 ng/ml) significantly increased SIRT1
expression at 1, 6 and 24 hours compared with OGD alone (†P <0.01 vs. OGD). (B) EC
protein extracts (50 μg/lane) were immunoblotted with anti-SIRT1 (SIRT1) at 6 hours after
OGD, gene knockdown of SIRT1 siRNA significantly reduced expression of SIRT1. Non-
specific scrambled siRNA did not significantly alter SIRT1 (*P<0.01 vs. untreated ECs =
Control; †P <0.01 vs. OGD). Quantification of the western band intensity was performed
using the public domain NIH Image program (http://rsb.info.nih.gov/nih-image). (C)
Transfection of siRNA against SIRT1 was performed in ECs and the expression of SIRT1
protein was assessed by immunofluorescence. In ECs with SIRT1 gene knockdown, no
significant expression of SIRT1 protein is present (*P<0.01 vs. untreated ECs = Control or
OGD).
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Fig. (4). EPO protects against EC injury through blocking apoptotic early phosphatidylserine
(PS) exposure and nuclear DNA degradation in ECs during OGD
(A and C) Representative images demonstrate that OGD led to a significant increase in
percent trypan blue staining, DNA fragmentation, and membrane PS exposure in ECs at 24
hours after OGD compared to untreated control cultures, which was prevented by EPO (10
ng/ml), resveratrol (RES 15 μM) or EPO/RES combined application. Yet, inhibition of
SIRT1 activity with EX527 (2 μM) or gene silence of SIRT1 with siRNA significantly
increased apoptotic injury to a greater level during OGD and attenuated the efficacy of EPO.
(B and D) Quantification of these results illustrate that EPO (10 ng/ml) application
significant decreased percent trypan blue uptake, DNA fragmentation, and membrane PS
exposure 24 hours after OGD when compared to OGD treated alone (*P < 0.01 vs. untreated
control; †P <0.05 vs. OGD). Inhibition of SIRT1 activity with EX527 (2 μM) or gene
silence of SIRT1 with siRNA significantly increased apoptotic injury to a greater level
beyond OGD alone and attenuated the efficacy of EPO. Each data point represents the mean
and SEM from 6 experiments.
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Fig. (5). EPO increases the expression of SIRT1, phosphorylated FoxO3a and Akt1 in ECs
during OGD
(A) Primary EC protein extracts (50 μg/lane) were immunoblotted with anti-phosphorylated-
FoxO3a (p-FoxO3a, Ser253) or anti-total FoxO3a at 1, 6 and 24 hours after OGD. The
expression of phospho-FoxO3a (p-FoxO3a) is initially increased at 6 hours but then lost at
24 hours after OGD (*P<0.01 vs. control). EPO (10 ng/ml) one hour pretreatment
significantly increased p-FoxO3a expression at 1, 6 and 24 hours compared with OGD alone
(†P <0.01 vs. OGD). Quantification of western band intensity was performed using the
public domain NIH Image program (http://rsb.info.nih.gov/nih-image). (B and C) Primary
EC protein extracts (50 μg/lane) were immunoblotted with anti-phosphorylated-Akt1 (p-
Akt1, Ser473) or anti-total Akt1 at 6 hours after OGD. The expression of p-Akt1 (active) was
mild increased at 6 hours compared with control (*P<0.01 vs. control) and was further
increased by application of EPO (10 ng/ml), resveratrol (RES 15 μM), or EPO/RES (†P
<0.01 vs. OGD). Inhibition of SIRT1 activity with EX527 (2 μM) or gene silence of SIRT1
with siRNA abolished the effect of EPO on p-Akt1 expression during OGD (†P <0.01 vs.
OGD). Transfection with non-specific scrambled siRNA did not alter the expression of
phosphorylated Akt1. Quantification of western band intensity was performed using the
public domain NIH Image program (http://rsb.info.nih.gov/nih-image).
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Fig. (6). EPO controls subcellular trafficking of FoxO3a and retains FoxO3a in the cytoplasm of
ECs during OGD
(A and C) ECs were imaged 6 hours after OGD with immunofluorescent staining for
FoxO3a (Texas-red streptavidin). Nuclei of ECs were counterstained with DAPI. In merged
images, untreated control ECs have visible nuclei (dark blue in color, white arrows) that
illustrate absence of FoxO3a in the nucleus and OGD exposure ECs were revealed with
completely red cytoplasm (green arrows) and no visible nucleus with DAPI illustrating
translocation of FoxO3a to the nucleus. Application of EPO (10 ng/ml), resveratrol (RES 15
μM), or EPO/RES maintains the expression of FoxO3a in the cytoplasm of ECs. However,
inhibition of SIRT1 catalytic activity with EX527 (2 μM) or gene silence of SIRT1 with
transfection of SIRT1 siRNA (siRNA) during OGD results in significant nuclear
translocation of FoxO3a during OGD (*P<0.01 vs. untreated ECs = Control; †P <0.01 vs.
OGD). Quantification of the intensity of FoxO3a nuclear staining was performed using the
public domain NIH Image program (http://rsb.info.nih.gov/nih-image). Each data point
represents the mean and SEM from 6 experiments. (B and D) Equal amounts of cytoplasmic
(cytoplasm) or nuclear (nucleus) protein extracts (50 μg/lane) were immunoblotted with
anti-FoxO3a at 6 hours after OGD. OGD alone or with the inhibitor of SIRT1 EX527 (2
μM) or transfection with SIRT1 siRNA during OGD induced significant nuclear
translocation of FoxO3a. In contrast, EPO (10 ng/ml), resveratrol (RES 15 μM) or EPO/RES
retained FoxO3a protein in the cytoplasm during OGD (*P<0.01 vs. untreated ECs =
Control; †P <0.01 vs. OGD).
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Fig. (7). EPO inhibits mitochondrial depolarization, cytochrome c release, and Bad activation
through SIRT1 during OGD
(A and B) OGD induces a significant decrease in the red/green fluorescence intensity ratio
of mitochondria using the cationic membrane potential indicator JC-1 at 6 hours when
compared with untreated control ECs. EPO (10 ng/ml), resveratrol (RES 15 μM), or EPO/
RES combined treatment during OGD significantly increased the red/green fluorescence
intensity of mitochondria in ECs, demonstrating that mitochondrial membrane potential was
restored. In contrast, inhibition of SIRT1 with EX527 (2 μM) and gene silence of SIRT1
with transfection of SIRT1 siRNA (siRNA) worsened mitochondrial membrane
depolarization to a greater degree than OGD alone. The relative ratio of red/green
fluorescent intensity of mitochondrial staining was measured in 6 independent experiments
with analysis performed using the public domain NIH Image program
(http://rsb.info.nih.gov/nih-image) (untreated ECs = Control, *P<0.01 vs. Control; †P <0.01
vs. OGD). (C and D) Equal amounts of mitochondrial (mito) or cytosol (cyto) protein
extracts (50 μg/lane) were immunoblotted with cytochrome c demonstrating that EPO, RES,
EPO/RES significantly prevented cytochrome c release from mitochondria 6 hours after
OGD. SIRT1 inhibition (EX527, SIRT1 siRNA) and non-specific scrambled siRNA did not
prevent cytochrome c release during OGD. Quantification of the western band intensity was
performed using the public domain NIH Image program (http://rsb.info.nih.gov/nihimage)
(untreated ECs = Control vs. OGD *P<0.01 vs. Control; †P <0.01 vs. OGD). Each data
point represents the mean and SEM from 6 experiments. (E and F) Primary EC protein
extracts (50 μg/lane) were immunoblotted with anti-phosphorylated-Bad (p-Bad, Ser136) at
6 hours after OGD. Phosphorylated Bad (p-Bad) expression is promoted by EPO, RES, but
is lost during inhibition of SIRT1 or SIRT1 gene knockdown. Non-specific scrambled
siRNA during OGD did not change Bad phosphorylation during OGD alone (untreated ECs
= Control, *P<0.01 vs. Control; †P <0.01 vs. OGD).
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Fig. (8). EPO controls caspase 1 and caspase 3 activity during OGD
(A and B) ECs were exposed to OGD and caspase 3 activation was determined 6 hours after
OGD through immunocytochemistry with antibody against cleaved active caspase 3 (17
kDa). Representative images illustrate active caspase 3 staining (red) in cells following
OGD, but cellular red staining is almost absent in EPO (10 ng/ml) or resveratrol (RES 15
μM) pretreatment. Inhibition of SIRT1 activity with EX527 (2 μM) or gene knockdown of
SIRT1 significantly increased active caspase 3 expression to a greater degree in ECs that
OGD alone, illustrating that SIRT1 activation was a robust modulator of caspase 3 activity.
Non-specific scrambled siRNA did not eliminate caspase 3 activity during OGD.
Quantification of caspase 3 immunocytochemistry was performed using the public domain
NIH Image program (http://rsb.info.nih.gov/nih-image) (*P <0.01 vs. untreated ECs =
Control; †P<0.01 vs. OGD). (C and D) EC protein extracts (50 μg/lane) were
immunoblotted with anti-cleaved caspase 3 antibody (active caspase 3, 17 kDa) and with
anti-cleaved caspase 1 antibody (active caspase 1, 20 kDa) at 6 hours after OGD. OGD
markedly increased cleaved caspase 3 and caspase 1 expression. Transfection with SIRT1
siRNA or inhibition of SIRT1 with EX527 (2 μM) results in a significant elevation in
caspase 3 and caspase 1. EPO (10 ng/ml), resveratrol (RES, 15 μM), or EPO/RES combined
treatment markedly reduced the expression of cleaved caspase 3 and caspase 1 during OGD.
Quantification of western band intensity was performed using the public domain NIH Image
program (http://rsb.info.nih.gov/nih-image) (*P <0.01 vs. untreated ECs = Control; †P<0.01
vs. OGD).
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