
PROCEEDINGS

Nutritional factors and progenitor cell differentiation

A. Dembinska-Kiéc Æ A. Polus Æ J. Grzybowska Æ
B. Kiec-Wilk Æ A. Balwierz Æ J. Keijer Æ G. Schmitz

Published online: 19 September 2007

� Springer-Verlag and NuGO 2007

Keywords Beta-carotene � Angiogenesis � Endothelium �
Microarray � Chemotaxis

Introduction

Knowledge about the biological role of carotenoids is still

very poor because of the bioaviability of carotenoids is

complicated. Multiple factors influence tissues ability to:

absorb, transport, metabolise and storage of carotenoids.

Beta-carotene (BC) as well as fatty acids coming from food

act as a source of energy and a regulator of metabolic

processes [1–3]. About 10% of characterized natural car-

otenoids can be metabolized in human tissues to vitamin A,

the precursor of retinoid acid (RA). Different type of car-

otenoids are present in human tissues and function as: free

radical scavengers, immunomodulators, enhancers of the

gap junction proteins, apoptosis regulators for many cell

types, cancer preventive agents [4–9] Angiogenesis is the

important process for the ischemic tissue growth and

remodeling including the cancer as well as adipose tissue

[10,11]. The main result of presented study demonstrated

chemotactic activity of BC in vitro in relation to observed

changes in gene expression in human endothelial cells

and human umbilical cord blood originated endothelial

progenitor cells.

Methods

Cell cultures

Human umbilical vascular endothelial cells (HUVEC)

were isolated from human umbilical veins using collage-

nase digestion and cultured in EBM with supplement.

Experiments were performed on 70% confluent cell cul-

tures (up to fifth passage). AC133 positive cells were

isolated from the mononuclear fraction of human umbilical

blood using the magnetic bits. The cells, after 5th day of

growing in proangiogenic conditions (VEGF 50 ng/ml,

SCF 100 ng/ml), when about 80% of cells were VE-

cadherin positive were called endothelial cell progenitors

(EPCs) and used for the further study. HUVECs and EPCs

were incubated with BC 3 mM for 24 h.

Isolation of total RNA

Total RNA was isolated by the guanidine thiocyanate–

caesium chloride method [12] and purified using the SV

total RNA Isolation System Kit.

Microarray hybridization

For the hybridization on HG-U133A GeneChips, RNA

was prepared according to manufacturer recomentations.
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Changes in relative gene expression were calculated

versus control. Only spots with significant differences in

signal intensity were included in the analysis.

cDNA synthesis and real-time PCR

Microarray results were confirmed, by real-time PCR using

GAPDH as the reference gene. For the cDNA synthesis

1 mg of total RNA, oligo(dT), SUPERSCRIPT reverse

transcriptase were used. cDNA was subjected to real-time

PCR in a reaction mixture containing QuantiTect SYBR

Green PCR mix and primers. Data expressed as relative

gene expression calculated versus control.

Results

To investigate the influence of beta-carotene on angio-

genesis two type of cell lines were used: not finally

differentiated endothelial cell line isolated from human

umbilical veins and endothelial progenitor cells isolated

from the mononuclear cell fraction of the human umbilical

cord blood cultured five days in proangiogenic conditions.

Beta-carotene did not influence proliferation, apoptosis and

differentiation of HUVEC and EPC in in vitro experiments

[12,13]. Migration of HUVEC and EPC was the only one

observed biological effect of BC in cell culture experi-

ments. BC (3 lM) caused a four-fold increase of HUVEC

migration and also (fivefold) increased migration of EPC

(Fig. 1). in the gene expression pattern in cells that explain

the biological effects of beta-carotene. Microarray results

demonstrated that a huge number of BC regulated genes

participated in cell–cell and cell–matrix adhesion, matrix

proteins, proteases, related to G protein mediated signaling

pathway and involved in activation of Ras signaling path-

way. General overview of pathways regulated by BC were

presented in Table 1 As it was previously reported beta-

carotene in non toxic concentration (3 mM) did not effect

proliferation, apoptosis and differentiation of HUVEC and

EPC in in vitro experiments [13, 14] (Figs. 2, 3). Up-reg-

ulation by beta-carotene, of two transcription factors

MEOX2 and MAD1L1 could explain mentioned lack of

effect. MEOX2 and MAD1L1 has been reported as pro-

liferation inhibitors. It has been shown that MEOX2

upregulated by betacarotene in HUVEC, strongly inhibits

endothelial cell activation and tube formation in vitro in

response to proangiogenic growth factor-VEGF [15].

MAD1L1 up-regulated in HUVEC and in EPC has been

proposed as natural antagonist of Myc [16]. MAD can

effectively compete with Max and repress transcriptional

activity of Myc by binding to the same CACGTG elements

of Ebox region [16]. MAD1L1 through effectively com-

petition Myc–Max inhibits Myc activated transcription of

molecules participating in proliferation [15, 16]. EGR-1

Fig. 1 Beta-carotene-induced

chemotaxis of EPC and

HUVEC. a (left) Influence of

beta-carotene on EPC

migration. b (right) Influence of

beta-carotene on HUVEC

migration. The chemotactic

activity of used cells was

expressed as the chemotaxis

index (CHI). Values are mean

values ± SD, n = 3 done in

triplicates. *Significantly

different from the

corresponding control,

*P \ 0.05, **P \ 0.005

Table 1 General overview of pathways regulated by beta-carotene in

EPC and HUVEC
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transcription factor related to differentiation of endothelial

cells was up-regulated by BC [17, 18]. This could suggest

that BC can regulate differentiation of endothelium. Fur-

ther analysis of microarray data revealed that BC induces

also two potent EGR-1 repressors: DR 1 and NAB-1. The

microarray results were selectively verified by Real-Time

PCR as described above. Expression of the most regulated

genes related to observed biological effects of beta-caro-

tene on HUVEC or EPC e.g.: proliferation (MAD1L1 [16],

MEOX2 [15]), differentiation (EGR1[17, 18], MEOX2),

apoptosis (BIRC3, BIRC5 [19]), chemotaxis (VCAM 1

[20], IL-8 [21], CCL2 [22]) and homing (CXCR4,

CXCL12 [23]) were analysed (Fig. 2). The real-time PCR

confirmed the BC-induced regulation of gene expression

obtained previously by microarray.

Discussion

We have demonstrated the BC induced migration of dif-

ferentiated endothelial cells and also endothelial progenitor

cells. Confirmed by microarray and real-time PCR activa-

tion of the important for homing and chemotaxis genes

underlines the BC stimulatory effect on migration. Changes

in expression of extracellular matrix proteins (collagens,

FBN1, FBN2, LAMB1, MATN2, MGP, CSPG6, COL6A3,

FGL2, LAMC1, as well as proteinases (ADAMTS1, AD-

AMTS18, MMP10, MMP12, MMP14, MMP24, MMP9,

MMP2, PLAU, TIMP) receptors mediating cell/matrix and

cell/cell interactions CELSR1, CTNNA1L, CTNNB1,

VCAM1, SELP, CD24 ITGA6, ICAM, CEACAM8,

LGALS1, CTNND1, ALCAM, NEDD9, JAGGED-1,

vWF, SCARB1) were found in microarray results. All such

events may decide about priming of endothelial cell and its

progenitors for migration[24, 25]. Beta-carotene, also by

stimulation GPCRs (G-protein coupled receptors) and its

activators could lead to activation of Rho/Rac/CDC42

small GTPases, and as result of this activation regulate

cytoskeletal changes involved in cell migration [26, 27].
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