
Introduction

Bone marrow-derived circulating endothelial progenitor cells

(EPCs) play a key role in vascular re-endothelialization and angio-

genesis [1]. The number and function of EPCs are significantly

reduced in patients with hyperlipidemia [2], indicating that the

EPCs are defective both structurally and functionally in the setting

of hyperlipidemia. Oxidized low-density lipoprotein (ox-LDL) has

been shown to significantly inhibit the proliferation, migration,

adhesion and endothelial differentiation of EPCs, as well as incor-

poration of EPCs into vasculature [3–5]. As EPCs originate from

bone marrow stem cells, the number and function of EPCs could

be intimately associated with the status of bone marrow stem cells

and their differentiation into EPCs. Therefore, it is important to

define the effect of ox-LDL on bone marrow stem cells.

Stem cells exhibit unique characteristics including pluripotency,

self-renewal and expression of specific cell markers and genes 

like Oct-4 [6–8]. Oct-4 is a transcription factor, and is expressed at

high level in embryonic stem cells (ESCs). It is critical to the
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pluripotency, self-renewal and differentiation of stem cells [6, 7, 9].

Multipotent adult progenitor cells (MAPCs) are isolated from post-

natal human and rodent tissues including bone marrow, muscle

and brain [10]. These cells have been well characterized and are

able to differentiate into a variety of cell lineages of mesodermal,

ectodermal and endodermal origins in vitro and in vivo including

vascular endothelium, hepatocytes and neurons [11]. Similar to

ESCs, MAPCs exhibit remarkable self-renewal capability and

express Oct-4 abundantly [12, 13]. Recently, we demonstrated that

nitric oxide enhanced Oct-4 expression and promoted endothelial

differentiation of mouse MAPCs in vitro [14].

The outcomes of ox-LDL on its target cells are variable and

complex depending on individual cell type. Ox-LDL inhibits prolif-

eration and promotes apoptosis of vascular endothelial cells (ECs)

and EPCs [15, 34]; whereas it induces cell proliferation of vascular

smooth muscle cells, and attenuates apoptosis of macrophages

and monocytes through activation of mitogen-activated protein

kinase [16–18]. Ox-LDL interferes with the function of EPCs

through multiple mechanisms including inhibition of endothelial

nitric oxide synthase (eNOS), downregulation of E-selectin and

integrin alpha(v)beta(5) expression, inactivation of telomerase and

acceleration of cell senescence (33, 34, 41). The present study was

designed to investigate the effect of ox-LDL on the behaviour of rat

MAPCs including Oct-4 expression, self-renewal and their endothe-

lial differentiation and the underlying mechanisms.

Materials and methods

LDL isolation and oxidative modification

Plasma from healthy volunteers was obtained from Hong Kong Red Cross

(Kowloon, Hong Kong). LDL was prepared from plasma with the method

as described [19]. Ox-LDL was prepared by exposure of LDL to CuSO4 in

dark for 24 hrs; and the degree of LDL oxidation was monitored by meas-

uring the production of thiobarbituric acid reactive substances (TBARS) 

as described [20]. The value for TBARS in ox-LDL was determined to be

30.8 � 3.1 nmol malondialdehyde/mg protein by 24 hrs of LDL oxidation.

No TBARS were detectable in native LDL as expected.

Cell culture

Rat MAPCs were isolated and cultured with the method as described [21].

To investigate the effect of ox-LDL on MAPCs, the cells were cultured at a

density of 500 cells/cm
2

in the presence of ox-LDL (from 0 to 40 �g/ml) for

24, 48 and 72 hrs. Native LDL was used as control. The cells were counted

in each group, and collected for real-time PCR and Western blot analysis.

Cell proliferation assay

MAPCs were seeded in a 96-well plate at a density of 1000 cells/well in the

presence of ox-LDL (from 0 to 40 �g/ml) or native LDL for 24, 48 and 72 hrs.

The cells were then prepared for cell proliferation assay using BrdU Cell

Proliferation Assay Kit (Calbiochem, San Diego, CA) according to manufac-

turer’s instructions. All samples were prepared in duplicates.

Cell apoptosis assay

MAPCs were seeded into 96-well plates with 1000 cells per well. After 6 hrs

of incubation, the cells were exposed to ox-LDL (from 0 to 80 �g/ml) for

additional 24 hrs. Native LDL served as control. The cells were then pre-

pared for apoptotic cell death measurement with Cell Death Detection

ELISA
PLUS

kit (R&D, Minneapolis, MN) as per manufacturer’s protocol.

Endothelial differentiation

Endothelial differentiation of MAPCs was initiated with the method as

described [13, 22]. To evaluate the effect of ox-LDL on their endothelial dif-

ferentiation, ox-LDL (from 10 to 40 �g/ml) was added to the culture media.

Native LDL was used as control. Cells were collected at day 0, 7, 10 and 14

of differentiation for RT-PCR, Western blot analysis and immunofluores-

cence staining to determine the expression of endothelial markers vWF,

Flk-1 and CD31.

Quantitative real-time PCR

Total RNA was extracted from MAPCs treated with ox-LDL or native LDL

using RNeasy kit (Qiagen). Real-time PCR was performed as described [14].

mRNA levels were normalized by using GAPDH as housekeeping gene and

compared to the mRNA levels in rat spleen. The detailed primer sequences

for vWF, Oct-4, CD31, Flk-1 and GAPDH were published previously [13].

Immunofluorescence staining for vWF

Undifferentiated or differentiating MAPCs were plated in FN-coated cham-

ber slides. At day 0, 7, 10 and 14 of differentiation, cells were prepared for

vWF immunofluorescence staining as described [14]. The dilution factor

was 1:100 for vWF primary Ab, and 1:200 for secondary Ab (anti-goat IgG-

Cy-3, Sigma). Cells exposed only to secondary Ab served as negative con-

trols. Cultured human umbilical vein ECs served as positive control.

In vitro tube formation assay

In vitro vascular tube formation from MAPCs-derived cells was evaluated

in three-dimensional growth factor-reduced Matrigel (10 mg/ml; Collaborative

Research, Bedford, MA) as described [14, 22].

Cell transfection with Akt plasmid

MAPCs were transfected with Myristoylated (Myr)-Akt plasmid using the

Nucleofector kit (VPE-1001) (Amaxa Biosystems, Gaithersburg, MD) as

described [23, 24]. The plasmid of a constitutively active Myr-Akt was

kindly provided as a gift by Dr. Susheela Tridandapani at the Ohio State

University Medical Center. A total of 3 � 10
6

cells in 100 ul solution

(human MSC kit, program A-23) at room temperature were mixed with 
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5 ug Akt constructs or control vector or eGFP-encoding plasmids.

Successful transfection was confirmed 24 hrs post-transfection by GFP

fluorescence using a Nikon Eclipse TE 2000-S (Melville, NY) and with

FACS. Dead cells were excluded by propidium iodide staining. The expres-

sion of constitutively active Akt in MAPCs was determined by Western blot.

Western blot analysis

Cells were collected and prepared as described for Western blot analysis

[14, 22]. After preparation, the samples were blotted with primary Abs

against Oct-4, Bax (Santa Cruz Biotechnology, Santa Cruz, CA), p-Akt, 

t-Akt, p-ERK1/2, t-ERK1/2 and actin (Cell Signal, Berley, MA) with dilution

factors recommended by the manufacturers. The immunoreactive proteins

were detected with horseradish peroxidase-linked secondary Abs and ECL

System (Amersham Biosciences, Piscataway, NJ). All Western blot exper-

iments were repeated for at least three times.

Statistical analysis

The data were expressed as mean � S.D. and statistically analysed by

independent sample T-test or one-way ANOVA. Differences were considered

statistically significant when P � 0.05.

Results

Ox-LDL down-regulated Oct-4 expression 
in MAPCs

As expected, Oct-4 was expressed abundantly in MAPCs as

analysed by RT-PCR and Western blot (Fig. 1A and B). When

MAPCs were exposed to ox-LDL for 24 hrs, Oct-4 transcriptional

expression was significantly decreased with a reduction of mRNA

level up to 42% in a concentration-dependent manner (Fig. 1A).

Western blot analysis showed that Oct-4 protein content in MAPCs

was also substantially decreased by up to 70% when incubated with

ox-LDL for 24 hrs (Fig. 1B, P � 0.01, n � 4). Of note, Oct-4 expres-

sion in MAPCs was not affected by native LDL (data not shown).

Ox-LDL inhibited self-renewal of MAPCs

Under normal condition, MAPCs doubling time was 12.4 hrs. 

It was dramatically increased dose-dependently up to 34.2 hrs 

(P � 0.05, n � 4) by ox-LDL (Fig. 2A). Accordingly, the MAPC

population in culture was dramatically decreased by ox-LDL in a

dose- and time-dependent manner (Fig. 2B). When ox-LDL 

concentration was increased to 40 �g/ml, the cell number was

reduced to less than 30% of control (P � 0.001, n � 4).

Experiments were then performed to determine the mecha-

nisms for the reduced cell number by ox-LDL. Ox-LDL signifi-

cantly inhibited the proliferation of MAPCs in a concentration-

and time-dependent manner (Fig. 2C). The inhibitory effect was

most prominent at 24 hrs of incubation with 40 �g/ml ox-LDL 

(P � 0.001, n � 4). Of note, native LDL had no effect on the num-

ber and proliferation of MAPCs (data not shown). There was a low

level of apoptosis in MAPCs cultured in normal condition (Fig. 2D).

Cell apoptosis was significantly increased dose-dependently by

up to 3.5-fold when MAPCs exposed to ox-LDL (from 0 to 40 �g/ml)

for 24 hrs (P � 0.01, n � 4). When ox-LDL concentration was

increased to 80 �g/ml, cell death occurred to over 90% of MAPCs

as evaluated by Trypan blue exclusion assay (data not shown). In

© 2011 The Authors
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Fig. 1 Ox-LDL inhibited Oct-4 expression. When MAPCs were exposed to

ox-LDL (from 0 to 40 �g/ml) for 24 hrs, Oct-4 expression was signifi-

cantly decreased with a concentration-dependent reduction of both

mRNA and protein levels in the cells. Oct-4 expression was not affected

by native LDL (data not shown). **P � 0.01 versus 0 �g/ml (n � 4). 

(A) Ox-LDL dose-dependently inhibited Oct-4 transcriptional expression in

MAPCs with decreased mRNA level as measured by RT-PCR. (B) Oct-4

protein content was dramatically decreased dose-dependently by ox-LDL

in MAPCs after 24 hrs of incubation as determined by Western blot.
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addition, the expression of proapoptotic protein Bax was 

significantly up-regulated by up to 3.0-fold in MAPCs incubated

with ox-LDL for 24 hrs dose-dependently (from 0 to 40 �g/ml) as

determined by Western blot (P � 0.01, n � 4; Fig. 2E). These data

indicated that ox-LDL reduced MAPC population via a combination

of decreased cell proliferation and enhanced cell apoptosis.

Ox-LDL attenuated endothelial differentiation 
of MAPCs

As expected, the differentiating MAPCs started to express

endothelial markers vWF, CD31 and Flk-1 by day 7 of differenti-

ation (Fig. 3). The differentiated cells also stained positive for

vWF, and formed capillary structures on growth factor reduced-

Matrigel by day 14 of differentiation (Fig. 6G), suggesting that

the MAPCs-derived cells are indeed functional ECs. When

treated with ox-LDL, expressions of vWF, CD31 and Flk-1 were

all significantly decreased dose-dependently in the cells with

dramatic reduction in mRNAs and proteins (Fig. 3), indicating

that ox-LDL significantly impaired the endothelial differentiation

of MAPCs. There was no vascular structure formation by ox-

LDL-treated cells after 2 weeks of differentiation on the Matrigel

(Fig. 6G), further suggesting that the cells were not ECs. Native

LDL did not change the endothelial differentiation of MAPCs

(data not shown).

Ox-LDL selectively suppressed Akt phosphorylation

Serine/threonin protein kinase Akt (Akt) and extracellular

signal-regulated kinase (ERK1/2) signalling are important to

© 2011 The Authors
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inhibited MAPCs proliferation in a time- and dose-dependent manner as determined by BrdU proliferation assay. (D) Apoptotic cell death of 

MAPCs was significantly increased by ox-LDL as measured by ELISA. (E) Bax expression was substantially enhanced in MAPCs by ox-LDL as 

determined by Western blot.

Fig. 2 Ox-LDL inhibited

self-renewal and induced

apoptosis of MAPCs.

When MAPCs were incu-

bated with ox-LDL (from 

0 to 40 �g/ml), cell prolif-

eration was significantly

decreased with increased

doubling time and reduced

cell population in culture

in a time- and dose-

dependent fashion. Cell

apoptosis was also dra-

matically increased dose-

dependently by ox-LDL as

determined by ELISA along

with enhanced expression

of proapoptotic protein

Bax as measured by

Western blot. No effect of

native LDL was observed

on the self-renewal and

apoptosis of MAPCs (data

not shown). *P � 0.05

versus 0 �g/ml (n � 4);

**P � 0.01 versus

0 �g/ml (n � 4); ***P �

0.001 versus 0 �g/ml (n �

4). (A) The doubling time

was dose-dependently

increased when MAPCs

were exposed to ox-LDL.

(B) The number of MAPCs

was significantly reduced

when incubated with 

ox-LDL in a time- and

dose-dependent manner.

(C) Ox-LDL dramatically
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cell proliferation and survival. In this study, a detectable level

of Akt and ERK1/2 phosphorylation was observed in MAPCs

under normal condition (Fig. 4). Akt phosphorylation was

significantly decreased dose-dependently by up to 97.6% 

(n � 4, P � 0.01) in MAPCs when incubated with ox-LDL for

24 hrs (Fig. 4A). No change in ERK1/2 phosphorylation by

ox-LDL was observed in MAPCs (Fig. 4B), indicating that 

ox-LDL selectively interrupted Akt signalling in MAPCs.

Native LDL had no impact on either Akt or ERK1/2 activation

in MAPCs.

© 2011 The Authors
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Fig. 3 Ox-LDL suppressed endothelial differentiation of MAPCs. Endothelial differentiation of MAPCs was dose-dependently inhibited in the presence of

ox-LDL with decreased expression of endothelial markers including vWF, Flk-1 and CD31, as well as impaired vascular structure formation. Native LDL

had no impact on endothelial differentiation of MAPCs (data not shown). *P � 0.05 versus control (n � 4); **P � 0.01 versus control (n � 4). 

(A) The transcriptional expression of vWF (mRNA) in MAPCs during their endothelial differentiation was dramatically inhibited by ox-LDL as analysed 

by RT-PCR. (B) The majority of the cells stained positive for vWF after 2 weeks of endothelial differentiation under normal condition. (C) vWF protein

content in the differentiating MAPCs was significantly decreased by ox-LDL as analysed by Western blot at week 2 of differentiation. (D) Ox-LDL sub-

stantially suppressed Flk-1 expression in the differentiating cells as analysed by Western blot at week 2 of differentiation. (E) CD31 expression in the

differentiating cells was dramatically reduced by ox-LDL as analysed by Western blot at week 2 of differentiation.
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Akt overexpression reversed the effect 
of ox-LDL on MAPCs

To investigate the role of Akt signalling in mediating the effect of

ox-LDL on MAPCs, the cells were transfected with a constitutively

active Akt (Myr-Akt). After 24 hrs of transfection, over 60%

MAPCs were successfully transfected with Akt plasmids as deter-

mined by fluorescence microscopy and cytometry (Fig. 5). The

transfected cells exhibited a dramatic increase of over 30-time in

phosphorylated Akt over control (n � 4, P � 0.001).

Interestingly, Akt overexpression had no effect on cell prolifera-

tion, apoptosis and Oct-4 expression in MAPCs under normal con-

ditions (Fig. 6), suggesting that baseline Akt signalling was ade-

quate to maintain their normal function. However, decreased cell

proliferation and enhanced apoptosis by ox-LDL were completely

prevented in MAPCs overexpressing active Akt (Fig. 6A–C). With

Akt overexpression, the cell population was only decreased by 

7.3 � 4.6% (n � 4, P � 0.05) by 40 ug/ml ox-LDL; whereas the

cell number in control group (transfected with empty vector) was

decreased by 50.7 � 2.8% (n � 4, P � 0.01) (Fig. 6A). Similar

results were obtained for cell proliferation and apoptosis in MAPCs

that overexpressed active Akt (Fig. 6B and C). Surprisingly, the

inhibitory effect of ox-LDL on Oct-4 transcriptional expression

(mRNA) was completely reversed in MAPCs transfected with Myr-Akt

(Fig. 6D); whereas Oct-4 protein level was only partially recovered

(Fig. 6E). Ox-LDL treatment (40 ug/ml) for 24 hrs lead to 37.5 �

3.1% reduction in Oct-4 protein (n � 4, P � 0.001) in MAPCs

transfected with Myr-Akt; whereas Oct-4 protein content was

decreased by 59.3 � 1 .2% in control (n � 4, P < 0.001) (Fig. 6E).

Akt overexpression also completely restored the potential of

MAPCs to differentiate into functioning ECs impaired by ox-LDL as

reflected by normalization of diminished expression of endothelial

marker vWF and in vitro vascular structure formation (Fig. 6F and G).

Discussion

In this study, we reported that ox-LDL significantly downregulated

Oct-4 expression in MAPCs, inhibited proliferation, promoted

© 2011 The Authors

Journal of Cellular and Molecular Medicine © 2011 Foundation for Cellular and Molecular Medicine/Blackwell Publishing Ltd

Fig. 3 Continued.

Fig. 4 Effect of ox-LDL on Akt and ERK1/2 phosphorylation in MAPCs.

When MAPCs were incubated with ox-LDL (from 0 to 40 �g/ml) for 24 hrs,

Akt phosphorylation was dramatically inhibited in the cells (A) in a dose-

dependent manner; although ERK1/2 activation was not affected (B). Native

LDL had no effect on Akt or ERK1/2 phosphorylation (data not shown). 

p-Akt, phosphorylated Akt; t-Akt, total Akt; p-ERK1/2, phosphorylated

ERK1/2; t-ERK1/2, total ERK1/2; ** P � 0.01 versus 0 �g/ml (n � 4).
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apoptosis and suppressed endothelial differentiation of MAPCs in

association with selective suppression of Akt phosphorylation. Akt

overexpression reversed the effects of ox-LDL on MAPCs. We

demonstrated for the first time that ox-LDL modified the behav-

iour of bone marrow stem cells with suppression of Oct-4 expres-

sion and inhibition of self-renewal as well as endothelial differen-

tiation through disruption of Akt signalling.

Oct-4 expression in stem cells is tightly regulated, and critical

to maintaining the cells in an undifferentiated state, their self-

renewal capability and regulation of their differentiation [7, 9, 25].

However, the regulatory mechanisms for Oct-4 expression are

poorly understood. A number of factors are involved in Oct-4

expression including leukemia inhibitory factor (LIF), serum and

retinoic acid [26]. LIF and serum are required for Oct-4 expression

in mouse ESCs; whereas retinoic acid suppresses Oct-4 expres-

sion. Oct-4 is also expressed abundantly in rat MAPCs [13, 21].

This was confirmed in the present study at both protein and tran-

scriptional levels. Oct-4 expression was significantly decreased by

ox-LDL in MAPCs, suggesting that ox-LDL could modify the

behaviour of bone marrow stem cells.

One of the important features for stem cells is self-renewal, a

process that the cells divide to produce two identical daughter

cells. Oct-4 is important in stem cell self-renewal through a com-

plex and sophisticated transcriptional network of genes and

growth factors [27–29]. As ox-LDL decreases Oct-4 expression in

MAPCs, it may impair their capability of self-renewal. Indeed, the

number of MAPCs was dramatically decreased with significant

increase in their doubling time when exposed to ox-LDL, indicat-

ing that self-renewal of MAPCs was suppressed by ox-LDL. Ox-

LDL-induced decrease in cell population was a combination of

decreased proliferation and increased apoptosis of MAPCs.

Increased apoptosis by ox-LDL was further supported by

enhanced expression of proapoptotic protein Bax in ox-LDL-

treated cells.

The effect of ox-LDL on its target cells is very variable, depend-

ing on the cell type. Ox-LDL promotes proliferation of macrophages

and vascular smooth muscle cells, and inhibits apoptosis of

macrophages and monocytes through MAPK activation [16–18,

30–32]. On the other hand, ox-LDL inhibits proliferation and pro-

motes apoptosis of vascular ECs and EPCs [4, 15]. In this study,

ox-LDL inhibited cell proliferation, induced apoptosis of MAPCs,

and caused cell necrosis at high concentration (80 �g/ml), as well

as suppressed endothelial differentiation of MAPCs. The EPC

number and function are known to be reduced in hyperlipidemic

patients. Ox-LDL inhibits EPC proliferation and differentiation, and

suppress their function and survival [4, 5, 33, 34], suggesting that

ox-LDL negatively affect EPCs through multiple mechanisms. The

data from this study suggest that ox-LDL reduces EPC number

and function by reducing stem cell pool available for differentia-

tion into EPCs, and decreasing differentiation of bone marrow

stem cells into EPCs.

PI3K/Akt signalling is involved in the regulation of self-renewal

of mouse embryonic and spermatogonial stem cells [35, 36]. Akt

overexpression is reported to adequately maintain the pluripo-

tency of mouse and monkey ESCs in undifferentiated phenotypes,

reduces the apoptosis of mesenchymal stem cells, and enhances

cardiac protection during cell therapy [37, 38]. Ox-LDL selectively

suppressed Akt phosphorylation in MAPCs in parallel to decreased

Oct-4 expression, reduced cell proliferation, enhanced apoptosis

and endothelial differentiation in our study. Akt overexpression

effectively reversed the effects of ox-LDL on MAPCs, suggesting

that Akt signalling is critical to the action of ox-LDL on MAPCs.

Fig. 5 Transfection of MAPCs with Akt plasmids. After 24 hrs of transfec-

tion, the majority of MAPCs (over 60%) were successfully transfected

with the constitutively active Akt plasmids as determined by fluorescence

microscopy and cytometry as well as Western blot. (A) A fluorescence

image of the transfected cells (20x) showing the majority of the cells are

positive for the plasmids. (B) Phosphorylated Akt level was dramatically

increased in the cells after transfection with Akt vectors as determined by

Western blot. (C) Akt transfection efficiency in MAPCs was evaluated by

flow-cytometry. The blue line presented the cells in the control group (in

the M-1 Zone) that showed no positive expression of eGFP; whereas the

red line demonstrated that over 60% of the cells (in the M-2 zone) were

positive for eGFP after Akt transfection.
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with ox-LDL; Vector, MAPCs transfected with control vector; Vector�O, MAPCs transfected with control vector and treated with ox-LDL. *P � 0.05 

versus control (n � 4); **P � 0.01 versus control (n � 4); ***P � 0.001 versus control (n � 4).

Fig. 6 Effects of Akt over-

expression on MAPCs in

the presence of ox-LDL.

Experiments were per-

formed to evaluate the

behaviour of MAPCs that

overexpressed active Akt

in the presence of ox-LDL

(40 ug/ml). Akt overex-

pression completely pro-

tected the cells against

the actions of ox-LDL (40

ug/lm) on MAPCs. (A and

B) Ox-LDL-induced inhi-

bition of cell proliferation

was completely reversed

after Akt transfection. 

(C) Ox-LDL-induced apop-

tosis was effectively pre-

vented in MAPCs after

Akt trasnfection. (D and E)

Suppressed Oct-4 expres-

sion by ox-LDL was sig-

nificantly enhanced in

MAPCs after Akt transfec-

tion. (F) Impaired vWF

expression by ox-LDL

was completely restored

in MAPCs at week 2 of

endothelial differentiation

after Akt transfection. 

(G) Vascular structure for-

mation by MAPC-derived

cells at week 2 of differen-

tiation was observed on

Matrigel under normal

condition in the presence

of native LDL (left-hand

panel). When MAPCs

were treated with ox-LDL,

no vascular structures

were generated on Matrigel

at week 2 of differentia-

tion (middle panel). When

MAPCs were transfected

with Myr-Akt, the dimin-

ished capability of the

MAPC-derived cells to

form vascular structures

on Matrigel by ox-LDL

was completely recovered

(right-hand panel). Akt,

MAPCs transfected with

active Akt; Akt�O, Cells

were transfected with

active Akt and treated
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This is the first time to demonstrate that Akt signalling is involved

in regulating Oct-4 expression in stem cells. However, baseline Akt

signalling is sufficient to maintain adequate Oct-4 expression in

MAPCs under normal conditions because its expression was

unchanged with Akt overexpression. Impaired Akt signalling is

also important to ox-LDL-mediated actions in other cells including

EPCs and vascular smooth muscle cells [33, 39, 40]. Our data also

indicate that maintaining an intact Akt signalling (such as Akt over-

expression) may provide an effective way to protect the cells like

MAPCs against the toxicity of ox-LDL.

In conclusion, our study demonstrated that ox-LDL modified

the behaviour of bone marrow stem cells including Oct-4 expres-

sion, self-renewal and endothelial differentiation through inhibi-

tion of Akt signalling. The data from this study may provide a

molecular explanation for decreased number and function of

EPCs in the setting of hyperlipidemia. These data may also have

important clinical impact on patient selection for cell therapy with

bone marrow stem cells especially for those with poorly con-

trolled hyperlipidemia.
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