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Proteomics Investigation of Protein Expression Changes
in Ouabain Induced Apoptosis in Human Umbilical
Vein Endothelial Cells

Jie Qiu, Hai-Qing Gao,* Bao-Ying Li, and Lin Shen

Department of geriatrics, Qilu Hospital of Shandong University, 107 Wenhua Xi Road,
Jinan 250012, China

Abstract Ouabain is Naþ/Kþ_ATPase inhibitor and an endogenous regulator of blood pressure, it has dual effect on
vascular endothelial cells(VEC) cell growth and VEC apoptosis is contributed to vascular dysfunction involved in vascular
remolding. However, the precise mechanisms of apoptosis induced by ouabain remained unclear. The objective of this
study was to identify the differently expressed proteins involved in VEC apoptosis induced by ouabain in order to explore
cellular and subcellular mechanisms related to ouabain actions. Human umbilical vein endothelial cells (HUVEC) were
exposed to increasing concentrations (0.1 nM to 10 mM) of ouabain at 12–48 h intervals. Cell viability tests revealed that
high concentrations of ouabain inhibited cell growth. Flow cytometry and caspase-3 activity analysis confirmed that
apoptosis was primarily responsible for ouabain induced cell death. Two-dimensional electrophoresis in conjunction with
mass spectrometry revealed that the ouabain-induced apoptosis was accompanied by regulated expression of
programmed cell death protein 6, cytochrome C1, endothelin converting enzyme, claudin-1, reticulon-4, galectin-1,
ras-related protein rab-11B, calnexin, profilin-1 and heat shock protein 60 (HSP60). Further study on cytochrome c and
HSP60 demonstrated that levels of mitochondria and cytosol cytochrome c and HSP60 changed in response to ouabain
treatment. Data showed that mitochondria proteins such as HSP60 interferes with HSP60-Bax interactions played an
important role in ouabain induced apoptosis. These data bring new sights into physiological role for ouabain in VEC
apoptosis and vascular remodeling, thus provide new strategies for new anti-cardiovascular disease drug development or
the identification of biomarkers for vascular dysfunction in ouabain related hypertension. J. Cell. Biochem. 104: 1054–
1064, 2008. � 2008 Wiley-Liss, Inc.
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The extensively studied effects of cardiac
glycosides on the heart, and the uses of these
drugs in the therapy of congestive heart failure
and other cardiac disorders, are presented in
standard textbooks [Levi et al., 1970; Lee, 1985].
The main pharmacologic actions of cardiac
glycosides are mediated through inhibition of
Naþ/Kþ_ATPase (NKA) [Langer, 1970; Besch
and Watanabe, 1978], a protein that uses
the energy of hydrolysis of ATP for the active
counter transport of Naþ and Kþ across the
cell membrane in all eukaryotic cells. Recent

studies demonstrate that NKA also acts as a
signal transducer [Xie and Askari, 2002], the
fraction of the vascular endothelial cell(VEC)
NKA whose ion pumping function has been
inhibited by cardiac glycosides participates in
protein–protein interactions that lead to acti-
vation of multiple growth-related signal trans-
duction pathways and that some of these
activated pathways are also essential to cardiac
glycosides induced effects on VEC cell growth
[Abramowitz et al., 2003; Trevisi et al., 2006].
Studies have suggested that cardiac glycosides
regulate some cellular processes, such as pro-
liferation and apoptosis, in various cell types
[Isenberg, 1984; Orlov et al., 1999; Abramowitz
et al., 2003], and in addition, that ouabain, one
of cardiac glycosides, also is an endogenous
regulator of blood pressure and NKA activity
[Blaustein, 1977, 1993]. Our previous study had
reported that ouabain have dual effects on VEC
cell growth [Qiu et al., 2007]. On the other hand,
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the recent identification of ouabain as an endo-
genous inhibitor of NKA produced by the
adrenal cortex and the observation that ouabain
levels in blood are elevated in patients with low-
renin hypertension have suggested a role of
ouabain in the regulation of vascular tone and
the pathogenesis of hypertension [Schoner,
2002; Schoner and Scheiner-Bobis, 2007].

Vascular endothelial cells, whose functional
integrity is crucial for the maintenance of blood
flow, could be a target for endogenous ouabain
[Trevisi et al., 2006; Pshezhetsky, 2007]. More-
over, it is known that hypertension is associated
with structural, functional and biochemical
adjustments on the cardiac tissue [Cohen,
2007; Haddy, 2007], and VEC apoptosis is
contributed to vascular dysfunction involved
in vascular remolding in hypertension [Sakao
et al., 2006; Arciniegas et al., 2007; Lahm et al.,
2007]. Further definition of the differently
expressed proteins linking VEC apoptosis to
ouabain-induced cellular functions will be crit-
ical to understanding the physiological effects of
ouabain [Taurin et al., 2002; Ferrandi et al.,
2006]. Because of the suggested important
meaning in VEC apoptosis induced by ouabain
in the development of vascular dysfunction
[Jiang et al., 2007], and because of the paucity
of mechanistic studies on target proteins in VEC
apoptosis induced by ouabain, it would be of
high interest to begin a systematic study of
ouabain effects on the apoptosis in VEC to find
differently expressed proteins, which could
provide new strategies for new anti-cardiovas-
cular disease drug development or the identi-
fication of biomarkers for vascular dysfunction
in ouabain related hypertension.

In this study, we aimed to identify protein
candidates that might be involved in determin-
ing the apoptosis of ouabain-treated human
umbilical vein endothelial cells (HUVEC). This
was achieved by first establishing the model of
apoptosis of HUVEC induced by ouabain, then,
we used the findings to perform comparative
two dimensional gel electrophoresis (2-DE)
analysis on total proteins isolated from
ouabain-treated and contrast HUVEC. The
differentially expressed proteins were isolated
and identified by LT-ESI-MS/MS. Comparative
2-DE combined with LT-ESI-MS/MS analysis is
a powerful tool for identifying proteins that are
related to specific biological functions and
morphological change, and revealed that the
ouabain-induced apoptosis was accompanied by

regulated expression of programmed cell death
protein 6, cytochrome C1, endothelin convert-
ing enzyme, claudin-1, reticulon-4, galectin-1,
ras-related protein rab-11B, calnexin, profilin-1
and heat shock protein 60 (HSP60). Fur-
ther study on cytochrome c and HSP60 de-
monstrated that levels of mitochondria and
cytoplasm cytochrome c and HSP60 changed
in response to apoptosis induced by ouabain
treatment.

MATERIALS AND METHODS

Materials

Ouabain, DMSO, and MTT were purchased
from Sigma. Caspase-3 assay kit was purchase
from Molecular Probes Invitrogen. Human
umbilical vein endothelial cells (HUVEC) were
obtained from American Type Culture Col-
lection. Cell culture medium was from Gibco.
2-DE reagents were obtained from Amer-
sham Biosciences unless otherwise indicated.
Mouse monoclonal IgG antibody to HSP60
was provided by Sigma–Aldrich, Bax (N-20),
cytochrome c and secondary antibody goat
antimouse IgG was purchased from Santa Cruz
Biotechnology. All other chemicals were of the
highest purity and were available from com-
mercial sources. Ouabain was dissolved in
DMSO and diluted so that the final concen-
tration of DMSO was<0.1%. All the control cells
were treated with same volume of DMSO.

Cell Culture

The HUVEC were grown in monolayer in
M199 supplemented with 10% FBS, 5 ng/ml
bFGF, 25 U/ml heparin, 4 mM L-glutamine,
100 U/ml penicillin-G, and 100 U/ml streptomy-
cin in 5% CO2/95% air at 378C.

Cell Viability Test

Cell viability was determined by MTT assay.
MTT was added at a final concentration of
0.5 mg/ml, after being incubated at 378C for
an additional 4 h, cells were centrifuged at
1,000 rpm for 10 min and all the supernatants
were discarded, the cells were dissolved in
120 ml isobutanol (containing 0.04 M HCl) and
the absorbance was read at 570 nm, results were
presented as the average absorbance and
expressed as the mean of four samples.

Analysis of Apoptosis by Flow Cytometry

To verify the form of HUVEC cell death
induced by ouabain, cell cycle analysis and
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determination of cell apoptosis were performed
by using AnnexinV-FITC Apoptosis Detection
Kit. HUVEC were washed in Dulbecco’s PBS
and resuspended in binding buffer (10 mM
HEPES, pH 7.4, 140 mM NaCl, 0.25 mM CaCl2)
with annexin V-FITC and 2.5 mg/ml propidium
iodide. After incubation at room temperature
for 15 min in the dark, the fluorescence emitted
by cells was analyzed with a FACScan flow
cytometer (Becton Dickinson, San Jose, CA),
and viable cells (annexin-V negative, propidium
iodide negative), cells in early apoptosis
(annexin-V positive, propidium iodide nega-
tive), and cells in late apoptosis or necrosis
(annexin-V positive, propidium iodide positive)
were identified and counted, respectively.
A minimum of 5,000 cells were counted for each
sample.

Preparation of Mitochondrial
and Cytosolic Fraction

Cells were harvested in lysis buffer (10 mM
Tris, pH 7.5, 1M EDTA, 0.25M sucrose, 1 mM
Na3VO4, 11 g/ml leupeptin, and 1 mM PMSF),
and disrupted by three cycles of freezing in
liquid nitrogen and thawing. These prepara-
tions were centrifuged at 1,000g for 10 min at
48C to remove unbroken cells and nuclei. The
supernatant was centrifuged at 15,000g for
20 min at 48C to obtain the mitochondria-rich
fraction (pellet). The pellet was resuspended in
lysis buffer (150 mM NaCl, 50 mM Tris–Cl, pH
7.4, 1% Nonidet P-40, 0.25% sodium deoxycho-
late, 1 mM EGTA, 1 g/ml leupeptin, and 1 mM
PMSF). The supernatant was then centrifuged
at 100,000g for 30 min at 48C to separate the
microsomal (pellet) and cytosolic (supernatant)
fractions.

Determination of Caspase-3 Activity

To detect apoptotic events, caspase-3 enzyme
activity was determined in HUVEC. The
treated cells were washed twice with PBS and
harvested in 200 ml lysis buffer (100 mM NaCl,
10 mM Tris, pH 7.5, 1 mM EDTA, and 0.01%
Triton X-100). The cell lysate was centrifuged at
12,000g for 20 min and the clear supernatant
was used for the analysis. Caspase-3 activity
was measured using the EnzChek Caspase-3
assay kit (Molecular Probes), according to the
manufacturer’s instructions. Fluorescence was
measured at 485 nm for excitation and 535 nm
for emission with a multilabel plate counter.
Caspase-3 activity was expressed as arbitrary

units of fluorescence signal normalized for the
protein content.

Two-Dimensional Gel Electrophoresis (2-DE)

Proteins were separated by 2-DE as described
previously [Qiu et al., 2007]. Protein extracts
from cells treated with or without 100 nM
ouabain were analyzed by 2-DE, which con-
sisted of an initial isoelectric focusing step (pH
range of 3–10), followed by electrophoretic
separation on a 10% gel, staining with silver
nitrate. The stained gels were scanned using
the HP Scanjet 7400c (Hewlett Packard) and
analyzed using the PDQuest Image Analysis
software (Bio-Rad).

Mass Spectrometry

Protein spots of differently expressed were
excised from the gels, and reduction, alkylation,
and in-gel digestion were performed essentially
as described previously [Shevchenko et al.,
1996]. The tryptic digests were assessed by
liquid chromatography electrospray ioniza-
tion mass spectrometry/mass spectrometry
(LTQ-ESI-MS/MS, ThermoFinnigan, San Jose,
CA). Mass data collected during the LTQ-ESI-
MS/MS analysis were processed and con-
verted into a file using the MasslynxTM software
(Micromass) to be submitted to the Mascot
search software (http://www.matrixscience.
com/). Protein identification was obtained by
comparison of experimental data with the NCBI
nonredundant mammalian database and was
validated when considering at least two
peptide sequences per protein. The main cellu-
lar location and function of identified proteins,
as well as their respective biological relation-
ships, were searched and determined by going
through PubMed (http://www.ncbi.nlm.nih.
gov/entrez/query.fcgi) with EndNote software
v.5.0.

Western Blot Analysis

Proteins were separated by SDS–PAGE and
transferred to polyvinylidene difluoride (PVDF)
membranes. The membrane was blocked by
incubation in 5% nonfat milk in tris-buffered
saline and incubated with primary antibodies
overnight at 48C. Blots were developed using
peroxidase-conjugated secondary antibodies
and visualized with enhanced chemiluminis-
cence reagent (Amersham Pharmacia Biotech,

1056 Qiu et al.



Buckinghamshire, UK) according to the manu-
facturer’s recommendations. Bands were quan-
tified with Imagequant software, using Western
blotting of b-actin (clone AC-15, Sigma) as a
loading control, with NC samples set to a
relative value of 1.0.

Immunoprecipitation

Proteins extracts from either the mitochon-
drial or cytosolic fraction of samples from the
control and ouabain-treated cells were incu-
bated with antibodies directed against HSP60
or Bax overnight at 48C followed by an addi-
tional 2 h incubation with 50 ml of packed
protein A-Sepharose or protein L-Sepharose
beads. The bound proteins were analyzed by
immunoblotting with specific antibodies for
HSP60 and Bax.

Statistics Analysis

Data are presented as mean�SEM and
represent at least three independent experi-
ments. Comparisons of means were performed
using Student’s t-test. One-way ANOVA was
used to determine the significance of differences
among groups. Values of P� 0.05 were accepted
as significant.

RESULTS

Effect of Ouabain on the Cytotoxicity and
Growth Regulation in HUVEC

The mitochondrial reduction activity was
measured by MTT assay methods in this study
to examine the ouabain induced effect on
HUVEC. As revealed in our previous work,
there might exist two distinct mechanisms
induced by different concentrations of ouabain
in HUVEC, furthermore, the data also showed
that a threshold concentration of nanomolar
level was sufficient for ouabain to initiate an
inhibitory effect on mitochondrial MTT reduc-
tion activity as demonstrated in Figure 1, it
demonstrated that high concentrations of oua-
bain (40–300 nM) inhibited cell growth. Since
the apoptosis is more susceptible to ouabain
induced cell death, accordingly, an assay
method for the examination of cell growth was
carried out in this study, after a further
examination of apoptosis detection by Annex-
inV-FITC Apoptosis detection kit using flow
cytometry, induced cell apoptosis with annexin-
V positive as showed in Figure 2, the results are
consistent with findings obtained in MTT assay,

suggesting the apoptosis effect induced by high
concentrations of ouabain.

Ouabain-Induced Apoptosis is Associated
With Caspase-3 Activation

High concentrations of ouabain induce cell
death, which may be a result of the ouabain
toxicity, caspase-3 is an important effect or
protease in cell apoptosis, therefore, caspase-3
activity was detected in samples treated
with different concentrations of ouabain for dif-
ferent exposure times, and ouabain enhanced
caspase-3 activity at high concentrations with
longer time exposures (Fig. 3). Importantly,
ouabain-induced decreases in cell viability were
associated with caspase-3 activation. These
results suggest that apoptosis is responsible
for the high concentrations of ouabain inhibited
cell growth.

Changes in Protein Profile of HUVEC Following
Ouabain-Induced Apoptosis

The aim of this work was to identify changed
protein expression in HUVEC apoptosis in-
duced by ouabain in order to provide potential
therapy targets. Based on the results of flow
cytometry and caspase-3 activation, we chose
cells incubated in 200 nM ouabain for 24 h as the
ouabain-triggered apoptosis group. A total of
nearly 2,000 protein spots were mapped in pairs
on control group and ouabain-treated HUVEC
gels and the identity of protein spots were
identified by tryptic digestion followed by
LTQ-MS-MS analysis. Detailed gel analysis
revealed nine reproducible protein spots with

Fig. 1. Effect of ouabain on HUVEC cell growth. HUVEC were
incubated in the absence (control) or presence of various
concentrations of ouabain for the indicated time courses. Then,
the mitochondrial MTT reduction activity was determined as
described in Materials and Methods Section. The results are
demonstrated as relative percentage to control value. Data are
expressed as mean� SEM of four determinations, *P<0.05
versus control.
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more than twofold change in density between
the two gels, five of which were up-regulated
and four were down-regulated in ouabain-
treated HUVEC. As shown in Figure 4 and
Table I, the expression of calnexin (spot 1),
programmed cell death protein 6 (spot 8),
endothelin converting enzyme1 (spot 4), galec-

tin-1 (spot 5), and ras-related protein rab-11B
(spot 9) were significantly increased, whereas
that of protein claudin-1 (spot 2), cytochrome C1
(spot 3), HSP60 (spot 6), and profilin-1(spot 7)
were significantly down-regulated in ouabain-
treated cells, the identified proteins involved in
various aspect of endothelial cellular function,
including metabolism, cell motility and signal
transduction as well (shown in Table I). Strik-
ingly, most of these proteins have already been
described as modulators of various apoptotic
processes and located in mitochondria, what
indicated that ouabain exerted its apoptosis
effect on VEC due to its actions on mitochondria
proteins mostly.

Effect of Ouabain on Cytochrome c
Release in HUVEC

To confirm the result acquired by proteomics
approach and investigate whether toxic doses of
ouabain may induce cytochrome c release from
mitochondria, we performed Western blot anal-
ysis in mitochondria and cytosolic fractions
(Fig. 5). In Figure 5A in the lane corresponding
to treated cells, we can observe a band detected
by an antibody raised against cytochrome c,

Fig. 2. Effects of ouabain on HUVEC apoptosis. The cell
apoptosis was assessed by flow cytometer with annexin V–FITC
and propidium iodide (PI) and represented in the scatter plot.
HUVEC cells were incubated with different concentrations of
ouabain for 24 h (a–f). a: HUVEC cells were incubated in
medium alone served as control; (b) cells were incubated with
40 nM ouabain; (c) cells were incubated with 80 nM ouabain

(d) cells were incubated with 160 nM ouabain; (e) cells were
incubated with 200 nM ouabain; (f) cells were incubated with
320 nM. Apoptosis were analyzed by dual color flow cytometry
using annexin V FITC and PI. Vertical and horizontal lines in the
graph are designed based on autofluorescence of untreated
control cells. Numbers in quadrant indicate percentage of cells,
*P< 0.05 versus control.

Fig. 3. Effect of ouabain on caspase-3 activity. HUVEC were
incubated in the absence (control) or presence of various
concentrations of ouabain for the indicated time courses. Then,
the caspase-3 activity was determined as described in Materials
and Methods Section. The results are demonstrated as relative
percentage to control value. Data are expressed as mean� SEM
of four determinations, *P<0.05 versus control.
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which is not found in the lane corresponding to
cytosol obtained from control cells. When mito-
chondria were treated with the non-ionic deter-
gent Igepal, their contents were released; this
proteinic content was subjected to electropho-
resis, and by Western blot methodology differ-
ences in cytochrome c content were detected
between control group and ouabain-treated
tissue (Fig. 5B). In the control mitochondrial
extract, we detected a greater amount of
cytochrome c and in contrast in the mitochon-
drial fractions of ouabain-treated group, cyto-
chrome c level decreased which indicated that
cytochrome c release from mitochondria into
cytosol during ouabain induced apoptosis and
continued with apoptotic progress (Fig. 5).
These data meet the results that the cytochrome
C1 (P08574) was located in mitochondrion
intermembrane space revealed by proteomics
approach. These data indicated that the oua-
bain may impact on mitochondrial function and
play an important role in VEC mitochondrial
proteins thus exert effect on VEC function.

Effect of Ouabain on HSP60 Subcellular
Distribution and HSP60–Bax Interactions

As revealed by proteomics study, we found
the expression of HSP60 altered in ouabain-
induced apoptosis in HUVEC, since recent
studies suggest that HSP60 appears to have
both pro-survival and pro-apoptotic functions,
cytosolic HSP60 accumulation during apoptosi-
soccurs either with or without apparent mito-

chondrial release, a change in HSP60 levels in
the cytosol does not necessarily involve changes
in mitochondrial levels [Chandra et al., 2007],
we detected the expression of HSP60 in cytosol
and mitochindrial. As shown in Figure 6, under
all conditions examined, HSP60 was found
predominantly in mitochondrial fraction with
small amounts in the cytosolic fraction, and the
expression of mitochondrial HSP60 decreased
while cytosol HSP60 increased in ouabain-
induced apoptosis (Fig. 6A). Furthermore,
HSP60 has been shown to prevent cell death
by interacting with Bax [Kirchhoff et al., 2002;
Gupta and knowlton, 2005], and our data have
confirmed that caspase-3 activation and cyto-
chrome c release involved in ouabain-induced
apoptosis, we determined whether alterations
in the interaction between HSP60 with Bax
occurred in the mitochondrial or cytosolic
fractions. In ouabain-induced apoptosis group,
cytosolic Bax levels were decreased, while
mitochondrial Bax levels were increased, indi-
cating that Bax translocates from cytosol to
mitochondria in ouabain-induced apoptosis
process (Fig. 6A). Immunoprecipitation also
revealed that the interactions between HSP60
and Bax were decreased in apoptosis induced by
ouabain (Fig. 6C). In summary, the present
study provides evidence that ouabain altered
regular location of HSP60 and prevented its
binding to Bax, resulting in Bax translocation to
mitochondria, cytochrome c release, caspase-3
activation, and subsequent HUVEC cell death.

Fig. 4. Protein 2-DE maps of ouabain-treated HUVEC and control cells. Gels were stained by silver. A: 2-DE
profiles of total proteins extracted from the control cells. Comparison of both protein profiles revealed that
there were many protein spots regulated. Nearly 2,000 protein spots were visualized, nine proteins were
identified by LTQ-ESI-MS/MS. The number in gels is the spot identified. B: Picture of HUVEC with 200 nM
ouabain-treated at 24 h, the dots marked the variation proteins.
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DISCUSSION

A central role for ouabain in pathogenesis has
been widely implicated, particularly in cardio-
vascular, neurological, renal, and metabolic
diseases [Dahl et al., 1967; deWardener and
Clarkson, 1985], circulating levels of endoge-
nous ouabain correlate directly with mean
blood pressure, relative thickness of the
left ventricular heart wall, and the total peri-
pheral resistance index [Manunta et al., 1999;
Pierdomenico et al., 2001; Nishio et al., 2002].
Our previous study had demonstrated that
ouabain played dual effects on VEC growth,
high concentrations of ouabain triggered VEC
apoptosis, and recent literatures on ouabain-
induced apoptosis broaden our knowledge on
the actions and mechanisms of ouabain [Orlov
et al., 2004; Trevisi et al., 2004; Pshezhetsky,
2007]. Take the fact that endothelial cell
apoptosis takes responsibility for vascular
remodeling in primary hypertension, we specu-
lated it may be of high interesting to study the
proteins involved in VEC apoptosis induced by
ouabain. 2-DE is one of the most commonly used
separation techniques in proteomics and is
widely used in comparative studies of protein
expression patterns in cells between different
states. Recently, 2-DE based proteomic
approaches have been utilized to identify new
drug targets as well as drug toxicity [Demir
et al., 2005; Kopec et al., 2005]. Supporting
this idea, we explored the differential protein
expression by using proteomics study in order to
provide potential molecular targets in future
treatment.

As showed in our study, high doses of ouabain
inhibited HUVEC growth, activate caspase-3
and release cytochrome c, interestingly, the
identified proteins revealed by proteomics
approach mostly were involved in apoptosis
and endothelial cell function, as described
below. Many studies demonstrated that cyto-
chrome c release from mitochondria is a key
event and plays an important role in initiating
apoptosis in the mammalian cells [Bossy-
Wetzel et al., 1998; He et al., 2000; Arnoult
et al., 2002], in our experiment, when cells were
treated with 200 nM ouabain, there appeared to
be more cytochrome c release into the cytosol as
compared with control (nontreated cells), with
a corresponding reduction in mitochondria,
supporting that cytochrome c released from
mitochondria triggered apoptosis, what was
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accordant with the data of proteomics approach.
Meanwhile, among these proteins, HSP60 has
been shown to have the ability to regulate
apoptosis by interacting, directly or indirectly,

with a number of apoptotic proteins. Given the
significant role of HSP60 in a number of human
diseases [Amberger et al., 1997; Xu et al., 2000;
Kiechl et al., 2001], we felt it was interesting to

Fig. 5. Ouabain-induced cytochrome c release from mitochon-
dria. A: Cytosolic protein (30 mg); (B) mitochondrial protein
(30 mg) were subjected to SDS–PAGE (15%), and immunoblot-
ting analysis of presence of cytochrome c was performed with
anti-cytochrome c antibodies, as described under Materials and
Methods Section. Labeling was detected by enhanced chem-
iluminiscence. Densitometry analysis of cytochrome c from

(C) cytosol, and (D) mitochondrial extracts. Cytosolic fractions
and mitochondrial extracts obtained as described in Materials
and Methods Section from control and ouabain-treated cells
were used for relative amounts determination of released
cytochrome c, results were quantified by densitometry analysis
of the bands, *P<0.05 versus control.

Fig. 6. Effect of ouabain on expression of HSP60 in cellular
distribution and HSP60–Bax complexes under apoptosis con-
ditions. Cytosolic and mitochondrial fractions were obtained
from cells cultured in presence or absent from ouabain 12 h as
described in Materials and Methods Section. A: Western blot
analysis of cytosolic and mitochondrial fractions was performed
using specific antibodies for HSP60 and Bax. B: HSP60 and Bax
levels in cytosolic or mitochondrial fractions were determined by
immunoblotting. All immunoblots were normalized to b-actin.
*P< 0.05 versus control. C: Cytosolicproteins were immuno-

precipitated using anti-HSP60 and Bax antibodies, and the
resulting immunoprecipitates were subjected to immunoblot
analysis using anti-HSP60 and Bax antibodies. Levels of HSP60–
Bax complexes were determined by immunoprecipitation/
immunoblot analysis. D: Levels of HSP60–Bax complexes under
ouabain-treated conditions are expressed as a percentage of
complex levels present under control conditions. Data are
presented as mean� SEM and represent three independent
experiments, *P<0.05 versus control.
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investigate the influence of ouabain on the
expression of HSP60, we detected the cellular
distribution of HSP60 in ouabain-induced apop-
tosis, and investigate the changes in HSP60-
Bax interactions, data meet the results acquires
from proteomics approach.

In this study, the regulation of HSP60
suggested that VEC apoptosis triggered by
ouabain was similar to cell response to stress,
it has been shown that HSP60, especially in the
extra-mitochondrial cytosol, prevent cell death
by interacting with Bax [Gupta and Knowlton,
2005] and it is established that the decrease
cytosol HSP60-Bax interaction was accompa-
nied by the increased caspase-3 activation and
cytochorome-3 release, which were the key
procedure of apoptosis, thus, anything that
would interfere with the binding of HSP60
to Bax, would potentially increase apoptosis.
Little is known about the role of HSP60 and its
co-chaperone in ouabain-induced apoptosis.
Researchers had published that in kidney
during hypoxia there is a translocation of Bax
from cytosol to mitochondria [Kirchhoff et al.,
2002], the presence of Bax and HSP60 as a
complex in the cytosol supports a key anti-
apoptotic role for HSP60,we have observed that
reduction of mitochondrial HSP60 precipitates
in ouabain-induced apoptosis, so, we analyzed
the expression of cellular distribution of Bax
and HSP60 in ouabain induced apoptosis,
furthermore, explored the HSP60-Bax interac-
tion in the cytosol by immunoprecipitation.
With ouabain treatment, translocation of mito-
chondrial HSP60 to the cytosol effectively
released Bax, thus triggered cytochrome c
release and subsequent caspase activation and
this procedure is thought to occur as an
important part of apoptosis. Future studies will
need to address the nature of this complex and
the role of HSP60 in the control of apoptosis.

Besides cytochrome c1 and HSP60, the iden-
tified proteins make an integral contribution to
the regulation of several aspects of cell biology
such as energy production, molecular metabo-
lism, redox status, calcium signaling and pro-
grammed cell death as shown in Table I. It was
reported that galectin-1, ras-related protein
rab-11B [Uhlig et al., 2006] and programmed
cell death protein 6 [Janjusevic et al., 2006] play
their roles in regulating cell apoptosis [Hahn
et al., 2004], and calnexin, the endoplasmic
reticulum (ER) chaperones, also modulated
apoptosis in MCF-7 cells [Delom et al., 2007;

Ni and Lee, 2007]. On the other hand, claudin-1
constitutes the major transmembrane proteins
of tight junctions, and its alteration can
lead to cellular disorientation and detachment
[Leotlela et al., 2007], suggest that apoptosis
induced by ouabain also accompanied by other
changes in cell function. It is worth mentioning
that the identified proteins such as profilin-1
[Ding et al., 2006] and endothelin converting
enzyme1 [Jackson et al., 2006] can greatly
influence cell behavior and cell function, what
indicated that ouabain-induced apoptosis in
HUVEC can interfere with cell dysfunction
and thus play an important role in vascular
remodeling.
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