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CHAPTER 6
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ENDOTHELIAL COLONY FORMING CELL (ECFC) CULTURE

CORD BLOOD-ECFC (CB-ECFC) CULTURE PROTOCOL

Fresh cord blood samples were collected, after giving oral informed consent, in a citrate

buffer containing 50 mL tubes, and processed within 24 hours. Cord blood was diluted

with phosphate buffered saline (PBS) in a ratio of 1:3 and placed in 50 mL leucosep

tubes (Greiner bio-one). Human cord blood mononuclear cells (CB-MNCs) were obtained

by density gradient centrifugation with Ficoll-Paque Plus separation solution (Amersham

Biosciences), washed two times with PBS and collected in Endothelial cell basal medium-2

(EBM-2 medium; Lonza, Walkersville, USA) medium plus SingleQuots (without

hydrocortisone and GA-1000, Lonza, Walkersville, USA), 100 U/mL penicillin and 100

μg/mL streptomycin (1% pcn/strp; Invitrogen) and 10% Fetal Calf Serum provided by 

the manufacture (Lonza, Basel, Switzerland) and referred to as EGM complete medium.

CB-MNCs were plated in a concentration of at least 25 x 106 CB-MNCs/10 cm2 well coated

with 0.1% gelatin factor V (Sigma) at normoxic oxygen concentration (21% O2, 37  ۫◌C

and 5% CO2). After 3 days, the medium was renewed for the first time, continued with

daily renewals during the first week, and from day 7 till the end of primary culture the

medium was changed every other day. The first primary adherent colonies appeared

between 6- 18 days of culture.

ECFC CULTURE AT HYPOXIC CONDITIONS

The CB-MNCs were isolated under 21% oxygen, and directly transferred to hypoxia (1%

O2, SANYO incubator) after seeding. The renewal medium that was used for incubation of

the CB-MNCs under 1% O2 was pre-incubated as a thins layer in empty culture dishes in

Figure S1 - Morphology of cord blood derived primary endothelial colony forming cell

(ECFC) colonies.

A, ECFC colony outgrowth visualized at day 11 after initial seeding of mononuclear cells and counted

as one colony, magnification 2.5x. B, monolayer of subcultured ECFCs, magnification 10x.

A B



CHAPTER 6

134

Figure S2 - Primary endothelial colony forming cells (ECFC) colonies are VE-cadherin

positive.

Staining of ECFCs with endothelial marker VE-cadherin at the day of counting. In addition, actin was

used to visualize cytoskeleton and 4’,6-diamidino-2-phenylindole (DAPI) for staining the nucleus.

Red; cytoskeleton, blue; nucleus, and green; VE-Cadherin.

the hypoxia-chamber for at least two hours in order to allow the medium to become

hypoxic. Renewal of cell culture medium was performed within the hypoxia-chamber

preventing the cells being exposed to a normoxic environment.

CHARACTERIZATION OF ECFCS

PRIMARY ECFC COLONIES

To determine the endothelial phenotype of the primary ECFC colonies, adhesion molecule

VE-cadherin was stained, and visualized with indirect-immunofluorescent microscopy. The

cells were initially seeded on 0.1% gelatin coated Lab-Tek chamber slides (permanox,



SUPPLEMENTAL M&M

135

Figure S3 - Flow cytometry of subcultured endothelial colony forming cells (ECFCs)

To determine the endothelial phenotype of subcultured ECFCs, cells were stained with several

fluorescent markers and analysed with multichannel Fluorescence-Activated Cell Sorting (FACS).

Histograms are shown of leukocyte marker CD45, hematopoietic markers CD34 and CD133 and

several endothelial markers (CD31, acLDL uptake, Ulex lectin binding, CD105, CD146 (clone P1H12),

and VEGFR2), and further marker expressions are listed in table S1. Open histogram; isotype

control, closed histogram; expression of labeled antibody.

Nalge NUNC internat, USA) and cultured according the CB-ECFC culture protocol. The

ECFC colonies were washed twice with PBS and fixed with 2% paraformaldehyde and

washed twice with PBS. The colonies were permeabilized with 0.05% Triton X-100, and

after washing twice, incubated with the first antibody mouse anti-VE-cadherin (1:200,

diluted PBS containing 0.1% HSA, Pharmingen/BD Biosciences) for 2 hour at room
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temperature. After two washing steps with PBS, colonies were incubated with the second

fluorescent-labeled antibody at a dilution of 1:100 (goat-anti-mouse Alexa 488, Molecular

probes, Invitrogen, Carlsbad, CA, USA), in PBS containing 0.1% HSA for 2 hours. The

presence of F-actin was visualized by direct staining with rhodamine-phalloidin (1:100),

and 4’,6-diamidino-2-phenylindole (DAPI, Vectashield from Vector) was used as a nuclear

counter stain. ECFC colonies were examined using 4D-digital imaging microscope (DIM).

FLOW CYTOMETRY ANALYSIS OF SUBCULTURED ECFCS

To determine the endothelial phenotype of the subcultured ECFCs, monolayers of

subcultures ECFCs were detached with trypsin EDTA and analysed with multichannel

Fluorescence-Activated Cell Sorting (FACS). Trysinized ECFCs were blocked with human

IgG1 for aspecific binding, incubated with several antibodies, washed with FACS buffer

and the receptor expression was measured by flow cytometry on a FACS Calibur (BD

Biosciences). Antibodies used to characterize the phenotype of ECFCs by FACS; see Table

S2.

PROLIFERATION ASSAY AND CLONAL GROWTH OF ECFCS

To assess the proliferation of ECFCs, 10- 2500 ECFCs per cm2 – depending on the

experiment - were seeded on gelatin pre-coated 24-well plates and incubated at 37 °C at

21% O2. To determine the amount of attached cells on day 0, pictures of the wells were

taken after 4 hours. Thereafter, ECFCs were cultured for 7 days to determine their

proliferation rate. To evaluate the proliferation rate, cells were fixated with 2%

formaldehyde in PBS for 30 minutes. Cells were washed with distilled water and were

stained with Crystal violet (Crystal violet: 0.1 gram Crystal violet, 49 mL distilled water, 1

mL 96% ethanol) for at least 2 hours. Cells were washed with distilled water and the

plates were kept in the flow cast to dry overnight. To determine the amount of cells

present, pictures were taken with the microscope, and the colored cells were counted

with the computer programme Image J. The proliferation rate of ECFCs was determined

by comparing the total amount of ECFCs per cm2 after 7 days of culture with the amount

of ECFCs per cm2 on day 0.

To determine a possible role for accessory cells in the clonal growth of subcultured ECFCs

the effect of conditioned medium (CM) of normoxic and hypoxic CB-MNCs cultures was

evaluated. Subcultured ECFCs (10 cells/ 10 cm2) were seeded on 0.1% gelatin coated

wells and were incubated in CM of freshly isolated CB-MNCs that were cultured for 3 days

either under hypoxia (CM-hyp) or normoxia (CM-hyp). The CM added to the subcultured

ECFCs was centrifuged, filtered (with a 0.22 μm filter), and  mixed with 50% EGM 

complete medium. The cultures with CM were placed under 1% O2 without any
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Figure S4 - Transfection efficacy of dssiRNAs HIF-1α and HIF-2α in endothelial cells 

To determine the transfection efficacy of double stranded small interfering RNA (dssiRNAs) HIF-1α 

and HIF-2α proteins under hypoxia, human microvascular endothelial cells (HMVEC) were 

transfected with dssiRNAs HIF-1α and HIF-2α, and Westernblot was performed. Hypoxic expression 

of HIF-1α and HIF-2α proteins in human microvascular endothelial cells (HMVEC) was over 90% 

reduced by transfection of the dssiRNAs showing good transfection efficacy. pGL3 was used as a

control vector.

refreshment of the medium, and clonal growth of subcultured ECFCs was evaluated on

day 9-12 (see table 1). To evaluate cellular interaction under various oxygen

concentrations; subcultured ECFCs were seeded, mixed with freshly isolated CB-MNCs

from a different donor, and placed under 1% or 21% O2. Subcultured ECFCs (50 cell/10

cm2) were seeded and pre-incubated for 1 hour on 0.1% gelatin coated wells, and CB-

MNCs were added in a concentration of at least 2.6 x 106 cells/cm2. Cultures were treated

according the CB-ECFC culture protocol as mentioned in the supplemental methods

section “cord blood- ECFC (CB-ECFC) culture protocol”. Pictures were taken at day 7, and

cultures were followed up to 3 weeks.

WESTERN BLOT ANALYSIS FOR HIF-1Α AND HIF-2Α

Subcultured ECFCs and freshly isolated CB-MNCs were seeded on 5 cm2 coated with

0.1% gelatin. In both conditions the plates were placed under 1% O2 for several

timepoints (subcultured ECFCs; 0, 3, 6, 24, 48, and 96 hours, the total CB-MNC fraction;

0, 1, 3/4, 7 days). Subcultured ECFCs were washed with PBS and were lysed with 100 μl  

Mock Control pGL3 HIF-1α HIF-2α

dssiRNAs

β-Actin

HIF-2α

NS

HIF-1α

Mock Control pGL3 HIF-1α HIF-2α

dssiRNAs

β-Actin

HIF-2α

NS

HIF-1α
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Table S1 endothelial colony forming cell colony outgrowth from different donor samples

* total number of ECFC colonies per experiment

Laemmli sample buffer (including β-mercaptoethanol, Biochemical, 1:20). From the CB-

MNC fraction, the supernatant was collected, the adherent fraction was washed with PBS

and dissolved in 150 μl Laemmli sample buffer. The supernatant was briefly centrifuged 

and the pellet (from the non-adherent fraction) was dissolved in 50 μl Laemmli sample 

buffer. All samples were heated for 5 min at 96 °C and briefly centrifuged before loading.

Equal volumes of samples were loaded for separation of HIF-1α and HIF-2α via 6% SDS- 

18228max

603min

120.4314mean

1402014

140613

180612

160411

160310

100259

112238

110177

92176

13235

100124

80163

110282

60151

Day of countingHypoxiaNormoxiaCord blood no.

Growing ECFC
colonies*

18228max

603min

120.4314mean

1402014

140613

180612

160411

160310

100259

112238

110177

92176

13235

100124

80163

110282

60151

Day of countingHypoxiaNormoxiaCord blood no.

Growing ECFC
colonies*



SUPPLEMENTAL M&M

139

Population identification Conjugation Company pos mod neg

Endothelial markers

CD31 FITC BD X #

acLDL uptake Alexa 488 Invitrogen X #

Ulex lectin binding FITC SA X #

VeCadherin PE Pharmingen X #

CD146 (clone P1H12) PE BD X #

CD105 PE Serotec X #

TIE-2 PE BC X ^

VEGFR1 PE R&D X ^

VEGFR2 (CD309) PE R&D X #

Monocyte markers

CD45 FITC BD X #

CD14 FITC BD X^

Hematopoietic/ progenitor
markers

CD34 APC BD X #

CD133 APC MB X #

mesenchymal markers

CD44 FITC BD X #

CD29 PE BD X #

Myelomonotic

CD13 FITC DAKO X ^

Differentiation marker

CD38 PE BC X ^

Several markers

Erythropoietin receptor (EpoR) PE R&D X *

CD90 PE R&D X ^

BDCA4 (NP-1) PE R&D X ^

CXCR4 PE Pharmingen X ^

CD117 PE BD X ^

EpCam (CD326) PE BC X ^

EGFR PE BD X ^

CD166 PE BC X ^

Table S2 - Immunophenotype of subcultured endothelial colony forming cells

CD; cluster differentiation, FITC; fluorescein isothiocyanate, PE; phycoerythrin, APC;

allophycocyanin, pos; positive, mod; moderate, neg; negative, BD; BD Biosciences, DAKO;

DAKOCytomation, BC; Beckman-Coulter, MB; Miltenyi Biotec, R&D; R&D systems, SA; Sigma-Adrich.

* n= 1, ^ n= 3, # n= 4.
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PAGE using a semi-dry transfer system (Biorad). Rabbit polyclonal antibody HIF-1α 

(1:250, Cayman chemical) and rabbit polyclonal antibody HIF-2α (1:250, Novus 

Biologicals) and β-actin (Sigma-Aldrich) were used as primary antibodies. Horse- radisch 

peroxidise coupled anti-rabbit was used as a secondary antibody (1:250,

DakoCytomation).

TRANSFECTION OF CB-MNCS WITH DSSIRNA HIF-1Α AND HIF-2Α

Freshly isolated CB-MNCs were transfected with ‘Human monocyte nucleofactor kit’

(Lonza, VPA-1007) using dssiRNA HIF-1α and HIF-2α (Qiagen). Briefly, for each condition 

an equal amount of CB-MNCs were centrifuged, and 100 µl nucleofactor was added to

the cell pellet. From both dssiRNA HIF-1α and HIF- 2α, 1 µg was added to the cell 

suspension, and transferred to the cuvette and placed in the electroporation system

(Amaxa, Lonza Verviers) according to the manufacture. Transfected CB-MNCs were

resuspended in EGM complete medium, transferred to 0.1% gelatin coated wells, and

further cultured under 1% O2 according the CB-ECFC culture protocol. Mock (only

electroporation step, no dssiRNA transfection) transfected cells under 21% and 1% O2

served as a control situation.


