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Summary

 

Atherosclerosis is a complex disease involved in major fatal events such as
myocardial infarction and stroke. It is the result of interactions between met-
abolic, dietetic and environmental risk factors acting on a genetic background
that could result in endothelial susceptibility. Our aim was to determine the
patterns of expression of adhesion molecules and whether phosphatidylserine
is translocated to the cell surface of human umbilical vein endothelial cells
(HUVECs) isolated from healthy newborns born to parents with a strong fam-
ily history of myocardial infarction under TNF-aaaa

 

 or oxLDL stimulated con-
ditions. Compared to control HUVECs, experimental cords showed: (a) a
four-fold increase in VCAM-1 expression under basal conditions, which
showed no change after stimulation with the pro-atherogenic factors; (b) a
two-fold increase in basal P-selectin expression that reached a 10-fold increase
with any of the pro-atherogenic factors; (c) a basal ICAM-1 expression similar
to P-selectin that was not modified by the pro-atherogenic molecules; (d) a
similar PECAM-1 expression. Unexpectedly, phospathidylserine expression
in experimental cord HUVECs was significantly increased (211 817 

 

versus

 

3354 TFU) but was not associated to apoptotic death as the percentage of dead
cells induced by TNF-aaaa

 

 treatment was very low (0·55 

 

versus

 

 9·87% in control
HUVECs). The latter result was corroborated by TUNEL staining. T cell
adherence to HUVECs was highly up-regulated in the genetically predisposed
samples. The analysis of nonpooled HUVECs, from newborns to family pre-
disposed myocardial-infarction individuals, might represent a useful strategy
to identify phenotypical and functional alterations, and hopefully, to take
early preventive actions.
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Introduction

 

Myocardial infarction (MI) is a severe disabling and very
often fatal event associated with the atherosclerotic process
[1,2]. It is well recognized that members of families with a
history of heart infarction are prone to develop MI; however,
the way in which this background influences future
atherosclerotic development is unclear. The progression of
atherosclerosis is characterized by endothelial dysfunction,
subendothelial mononuclear cells infiltration, arterial wall
remodelation, lipid deposition and fibrosis [3,4]. Initial
lesions might occur at a very early stage, but the full mani-
festation of atherosclerotic plaque usually occurs after the
fourth decade of life [5].

Apparently, full plaque development needs cumulative
aggression [6]. However a positive family history of coronary
artery disease (which has been associated with an impaired
endothelium [7]) has effects that add up to those exerted by
other risk factors, such as hypercholesterolaemia, increased
age, hypertension, smoking, etc. [8,9]. Nevertheless, the spe-
cific weight of each individual risk factor varies between
individuals depending on an unclear genetic background
that includes differences in endothelial susceptibility [10,11].

During the last two decades, studies have shown that the
pathogenesis of atherosclerosis is immune-related and seems
to be initiated by the early tethering and rolling of leucocytes
along the endothelial cell lining, using adhesins expressed on
the surface of endothelial cells. The expression of these
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molecules, which define the type of cell to be recruited [12],
is induced and regulated by cytokines liberated in the milieu
[13]. Thus, the endothelial cell plays a major role in deter-
mining and maintaining the inflammatory reactions that
occur in response to various inflammatory stimuli [14]. Why
endothelial cells respond in such an heterogeneous way is
not known [15]. However, in animal models the overexpres-
sion of VCAM-1 and ICAM-1 has been observed in areas
prone to developing atherosclerotic lesions [16].

This pro-inflammatory status could also be maintained by
human umbilical vein endothelial cells undergoing apop-
totic cell death. These HUVECs exhibit a more rapid expo-
sure of membrane phosphatidylserine [17] which activates
the classical pathway of complement [18], thus contributing
to the inflammatory response.

Experiments performed with HUVECs frequently use
cells pooled from several umbilical cords. Interestingly, com-
parisons of individually derived cultures from newborns
with distinct genetic background are scarce. If endothelial
susceptibility is a predisposing factor, some individual
abnormalities should be discernible in newborns and we
could expect differences in the response of endothelial cells
to different pro-atherogenic factors, only if nonpooled
HUVEC cultures are analysed.

In this paper we describe the different cell adhesion capa-
bilities of nonpooled HUVECs isolated form newborns with
and without strong heart infarction background. We
assessed surface expression of: P-selectin, ICAM-1, VCAM-1,
PECAM-1, T lymphocyte adherence as well as surface expo-
sure of phosphatidylserine, of nonstimulated and TNF-

 

a

 

 or
ox-LDL-stimulated endothelial cells.

 

Materials and methods

 

Umbilical cords

 

We questioned 372 pregnant women concerning familial and
personal history of heart infarction, hypertension, diabetes,
abortions, fetal death, cigarette smoking, obesity and the
appearance of complications during pregnancy. Eight of the
women had strong family history of ischaemic heart disease

defined as three or more first degree relatives (grandparents,
parents and brothers/sisters) with a background of myocar-
dial infarction. All the participants gave their informed con-
sent. Two of the mothers (patients 4 and 6) were diabetic.
Patient 4 had a heart infarct at 30 years of age, that is three
years before giving birth to the newborn we evaluated;
patients 2 and 6 had maternal grandmothers with elevated
serum cholesterol levels. None of the mothers had hyperc-
holesterolaemia and their serum lipids were within normal
values (Table 1).

Blood samples and an EKG were obtained from each
patient before entering the delivery room where umbilical
cords were obtained. The cords were immediately kept in M-
199 medium (Gibco/BRL, Grand Island, NY, USA) contain-
ing 10% heat-inactivated fetal calf serum (Hyclone Logan,
Utah, USA) and supplemented with 10 mM HEPES, 100 

 

m

 

g/
ml of penicillin, 100 

 

m

 

g/ml of streptomycin, 2 mM 

 

l

 

-
glutamine, and 5 IU/ml porcine heparin (all from Sigma, St.
Louis, Missouri, USA), and HUVECs extracted immediately
upon arrival. The period between the time when the umbil-
ical cord was obtained and the time it was processed was
never longer than 6 h.

 

Human umbilical vein endothelial cells

 

HUVECs were extracted with 0·2% type II collagenase
(Roche, Hertfordshire, UK) by conventional techniques and
were cultured until confluence at 37

 

∞

 

C in a 7% CO

 

2

 

 humid-
ified atmosphere. HUVECs were recovered with saline solu-
tion containing 0·5% trypsin/5 mM EDTA. Before being
used, the cells were washed three times with saline solution
supplemented with 2% fetal calf serum, 1 M Hepes, 2·2 g/l
glucose, 4 mM CaCl

 

2

 

 (all from Sigma). The cells were used
within three passages and were identified as endothelial by
their characteristic morphology and presence of endoglin
(CD105) surface antigen (BD PharMingen San Diego, CA,
USA).

 

Flow cytometry

 

Two 

 

¥

 

 10

 

6

 

 endothelial cells fixed in 2 ml of a solution con-
taining 25% ethanol with 15 mM magnesium, were exhaus-

 

Table 1.

 

Serum lipid and glucose concentrations in mothers from which pathological HUVECs were obtained.

HDL 

(

 

>

 

70 mg/dl)

LDL 

(

 

<

 

160 mg/dl)

Triglyceride 

(

 

<

 

300 mg/dl)

Cholesterol 

(

 

<

 

380 mg/dl)

Glucose 

(80–120 mg/dl)

1 72 174 321 298 96

2 76 139 233 253 63

3 58 97 332 209 74

4 50 101 243 209 157

5 58 174 258 57 112

6 31 135 320 218 63

7 50 101 243 190 157

8 63 146 281 277 94

Blood samples were obtained in the delivery room. HDL, High density lipoproteins; LDL, low density lipoproteins. Normal values at the end of

pregnancy are shown in brackets.
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tively washed with PBS and were resuspended in 1 ml of PBS
containing 1% bovine albumin (Sigma). 100 

 

m

 

l aliquots of
the cell suspension were incubated 1 h at 37

 

∞

 

C with anti-
human ICAM-1, VCAM-1, PECAM, and P-selectin mono-
clonal antibodies (R & D Systems, Minneapolis, Minnesota,
USA). FITC-labelled annexin V was from (Roche). Stimula-
tion experiments were done using human recombinant
TNF-

 

a

 

 (R & D Systems) or oxidized LDL (kindly donated by
Dr Guillermo Cardoso-Saldaña) [19] using different concen-
trations previously determined as optimal and nontoxic. At
the end, the cells incubated with nonlabelled antibodies were
incubated with FITC-labelled rabbit anti-mouse IgG
(Roche), for 1 h at 37

 

∞

 

C. Fluorescence was measured in a
Becton Dickinson FACScan (San Jose, CA, USA). For all the
experiments 10 thousand events were recorded for each mol-
ecule. In order to determine phosphatidylserine transloca-
tion to the cell membrane; the endothelial cells were stained
for 15 min with FITC-labelled annexin V before measuring
fluorescence in the FACS. Propidium iodide (final concen-
tration of 150 ng/

 

m

 

l) was used to detect dead cells. Negative
controls and an immunoglobulin isotype controls were
included in each experiment and fluorescence values were
corrected when appropriate. Results, standarized to the
10 000 events already mentioned, showing the differences
between groups are expressed as total fluorescence units
(TFU which is the result of multiplying the geometrical
mean fluorescence by the total number of cells that
responded to the stimulus; these units reflect the total num-
ber of molecules expressed on the cell membrane of the cell
population being studied, regardless of whether there were a
greater number of molecules per cell or a greater number of
cells expressing similar number of molecules each).

 

TUNEL reaction

 

In order to evaluate endothelial cell death in HUVECs iso-
lated from newborns with a strong familial history of myo-
cardial infarction (experimental group) and those without
strong family history of myocardial infarction (control
group) a TUNEL reaction was performed in nonstimulated
and TNF-

 

a

 

-stimulated (10 ng/ml) endothelial cells. The
assay was performed with the 

 

In Situ

 

 Cell Death Detection
Kit, Fluorescein (Roche) according to the manufacturer’s
instructions. Briefly, the cells were cultured to confluence in
glass slides as described in the section 

 

Human umbilical vein
endothelial cells

 

. Cultured cells were rinsed twice in freshly
prepared Phosphate buffered saline (PBS), pH 7·4, before
fixing them for 20 min at room temperature with a gentle
shake. Afterwards the slides were extensively washed in PBS
before incubating them in the permeabilization solution
(0·1% Triton X-100, 0·1% sodium citrate) for 2 min on ice.
The slides were then incubated with 50 

 

m

 

l of TUNEL reac-
tion mixture in a humidified atmosphere for 1 h at 37 

 

∞

 

C in
the dark, washed in PBS and counter-stained with propid-
ium iodide. The cells were analysed by fluorescent micros-

copy in a LEICA DMLS microscope equipped with a LEICA
DF 300

 

¥

 

 digital camera and a LEICA IM-1000 software. Pro-
pidium iodide stains red at a wavelength of 600 nm or higher
and the fluorescein labels incorporated in nucleotide poly-
mers stain green at 515–565 nm. Merging both colours gives
a yellow stain in apoptotic cells.

 

Crystal violet staining

 

Cell proliferation was evaluated by crystal violet staining
[20,21]. Experimental and control HUVECs were plated in
96-multiwell plates and cultured for 24 and 48 h at 37

 

∞

 

C in a
7% CO2 humid atmosphere. At the end of the incubation,
cells were fixed with 100 

 

m

 

l of ice cold glutaraldehyde (1·1%
in PBS) for 15 min at 4

 

∞

 

C. Plates were washed three times by
submersion in de-ionized water, air-dried and stained for
20 min with 100 

 

m

 

l of a 0·1% crystal violet solution (in
200 mM phosphoric acid buffer at pH 6). After careful aspi-
ration of the crystal violet solution the plates were extensively
washed with de-ionized water, and air-dried prior to the sol-
ubilization of the bound dye with 100 

 

m

 

l of a 10% acetic acid
solution incubated during 30 min. The O.D. of the plates was
measured at 595 nm in a multi-well plate spectrophotometer.

 

Adhesion assay

 

Jurkat cells (CD3 

 

+

 

 lymphoblasts) or U-937 cells (C3R 

 

+

 

monocytes) were grown in RPMI-1640 medium with 10%
fetal calf serum, 10 mM Hepes and 2 mM 

 

l

 

-glutamine (all
from Sigma), at 37 

 

∞

 

C in a 7% CO

 

2

 

 humid atmosphere. The
cells were grown in 20–40 ml sterile tissue culture flasks
(Nunclon, Nalgene Nunc Intl., Rochester, NY, USA) and split
every 3–5 days to maintain a cell concentration of 1·0–
2·0 

 

¥

 

 10

 

6

 

 cells/ml. The cells to be used in the adhesion assays
were centrifuged and resuspended at 1·5 

 

¥

 

 10

 

6

 

 cells/ml in M-
199 medium containing 15 mM HEPES to maintain pH. The
cells were labelled with BCECF-AM according to the manu-
facturer’s instructions (Molecular Probes, Eugene, OR,
USA). The adhesion assay was carried out in 24 well tissue
culture plates (Nunclon) seeded with 1 

 

¥

 

 10

 

5

 

 endothelial cells
cultured during 24 h to allow the formation of monolayers,
before adding 3 

 

¥

 

 10

 

5

 

 labelled Jurkat or U-937 cells; the cells
were allowed to interact with the HUVECs for 1 h; nonad-
herent cells were then removed by gentle washing with M-199
medium before adding 1·5 ml of lysis buffer (10% Triton X-
100 in 10 mM Tris, pH 9·0) (all from Sigma) per well. The
percentage of cell adherence was calculated according to the
fluorescence quantified at 490 nm in a fluorescence spectro-
photometer LS 50B (Perkin-Elmer, Norwalk, CT, USA).

 

Statistical analysis

 

The results were analysed by means of a Student’s 

 

T

 

-test
using the SPSS software, 11·0.0 release; a 

 

P

 

-value of 

 

<

 

0·05
was regarded as significant.
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Results

 

Endothelial cells obtained from each individual umbilical
cord were grouped between those with a strong familial his-
tory of myocardial infarction (experimental group) and
those without strong family history of myocardial infarction
(control group).

 

Adhesion molecule expression in basal and TNF-aaaa

 

 
stimulated conditions

 

Interestingly, even under nonstimulated conditions, an
important difference could be seen in the membrane expres-
sion of VCAM-1 between HUVECs derived from experimen-
tal and control cords (1·91 

 

¥

 

 10

 

5

 

 

 

versus

 

 8·12 

 

¥

 

 10

 

5

 

 TFU;

 

P

 

 

 

<

 

 0·001). Control cord cells stimulated with recombinant
TNF-

 

a

 

 increased the expression of VCAM-1 whereas exper-
imental cords cells did not show a significant increase in
VCAM-1 expression after stimulation with this cytokine
(Fig. 1).

P-selectin expression was higher under nonstimulated
conditions in experimental cords, however, this difference
did not reach statistical significance when compared to con-
trol cells. Unlike the expression of VCAM-1, there was a

progressive increase in the expression of P-selectin in the
experimental cord cells stimulated with recombinant TNF-

 

a

 

, which reached a six-fold increase (4·76 

 

¥

 

 10

 

5

 

 

 

versus

 

2·94 

 

¥

 

 10

 

6

 

 TFU; 

 

P

 

 

 

<

 

 0·001) when 1·25 ng/ml of TNF-

 

a

 

 was
used to stimulate the cells (Fig. 1).

The expression of ICAM-1 was similar to that of P-selec-
tin, however, the increase observed in the unstimulated con-
trols and samples stimulated with the highest TNF-

 

a

 

concentration, while statistically significant (6·5 

 

¥

 

 10

 

5

 

 

 

versus

 

1·85 and 2·2 

 

¥

 

 10

 

6

 

; 

 

P

 

 

 

<

 

 0·001), was moderate (Fig. 1). There
were no significant differences in the expression of PECAM-
1 under basal nonstimulated conditions, nevertheless, when
a 0·6 ng/ml of recombinant TNF-

 

a

 

 was used to stimulate the
cells, there was a transient but significant (

 

P 

 

<

 

 0·05) increase
in PECAM-1 expression in the experimental HUVECs which
did not augment when the cells were stimulated with a
higher dose of TNF-

 

a

 

 (Fig. 1).

 

Phosphatidylserine surface/membrane exposure

 

There was an important difference in the basal expression of
phosphatidylserine (PS) as determined by annexin V stain-
ing, between experimental and control cord cells (Fig. 2a,b).
This difference was confirmed by measuring total fluores-

 

Fig. 1.

 

(a) VCAM-1 expression showed similar total fluorescence units (TFU) in the experimental cords HUVECs ( ) under basal nonstimulated 

conditions as well as under TNF-

 

a

 

 stimulated conditions; control HUVECs (

 

�

 

) showed significatively lower basal values (*

 

P

 

 

 

<

 

 0·005). (b) P-selectin 

expression showed similar values under nonstimulated conditions in both groups, nevertheless, the experimental cords expressed significatively higher 

amounts of this adhesin (**

 

P

 

 

 

<

 

 0·001) than control cords HUVECs under TNF-

 

a

 

 stimulation; (c) ICAM-1 expression behaved almost similarly to P-

selectin although the number of molecules induced by the maximal TNF-

 

a

 

 dose was somehow smaller 2·2 

 

¥

 

 10

 

6

 

 

 

versus

 

 2·9 

 

¥ 

 

10

 

6

 

 for P-selectin. (d) 

PECAM although not over-expressed in either group under basal conditions showed a significant (***

 

P < 0·05) but transient overexpression when the 

cells were stimulated with 0·6 ng/ml of recombinant TNF-a. All the results are expressed as the mean ± standard deviation of the mean for the eight 

experimental umbilical vein endothelial cells.
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cence units of both HUVECs groups (211 817 versus 3354
TFU; P < 0·001) (Fig. 2c). TNF-a stimulation did not
increase the translocation of PS in either group at concen-
trations as high as 10 ng/ml. It was worth noting that the
majority of the experimental cord cells expressed phosphati-
dylserine (89·3 ± 12% versus 3·10 ± 2%) and that this expres-
sion was not modified by TNF-a. Interestingly, 10 ng/ml of
TNF-a induced a 9·87% cell death in the control cord cells,
but when the experimental cord cells were treated with the
same concentration of TNF-a, the percentage of dead cells
was negligible (0·55 ± 0·46%), as determined through the
use of propidium iodide (data not shown). Cell death with-
out TNF-a stimulation was less than 1%. TUNEL assays,
done to corroborate the cell death, showed a very low
amount of endothelial cells containing apoptotic bodies even
in the presence of 10 ng/ml of TNF-a (Fig. 3b,d,f) as
opposed to control cords which under TNF-a-stimulated
conditions showed a significant number of endothelial cells
containing apoptotic bodies (Fig. 3a,c,e).

Adhesion molecule expression in oxLDL stimulated 
conditions

The stimulation of endothelial cells with an optimal dose of

oxidized LDL (12·5 ng/ml) induced a small decrease in the
expression of VCAM-1, which did not reach statistical sig-
nificance (Fig. 4). This result further emphasizes the obser-
vation we made when TNF-a was used for stimulation
purposes. P-selectin expression reached 2·2 ¥ 106 TFU, a
cipher similar to the one obtained when TNF-a was used to
stimulate those cells. It was interesting to note that the
expression of P-selectin was higher in control cells stimu-
lated with ox-LDL (1·3 ¥ 106 TFU) than with TNF-a (9 ¥ 105

TFU). Expression of ICAM-1 was enhanced by ox-LDL but
its maximum value (1·45 ¥ 106 TFU) was below that
obtained with TNF-a (2·2 ¥ 106 TFU). PECAM-1 expression
showed no differences when compared to the control cells.

Jurkat and U-937 adhesion assays

Based on the differences observed in the expression of adhe-
sion molecules, we evaluated the competence of endothelial
cells to adhere to T cell and pro-monocytes (JURKAT and U-
937 cell lines, respectively) under nonstimulated and TNF-a
(2·5 ng/ml) stimulated conditions. HUVECs from the exper-
imental group showed an enhanced binding to lymphocytes
or pro-monocytes, which was not the consequence of an
increase in the rate of growth of experimental HUVECs as

Fig. 2. Flow cytometry results of (a) experimental and (b) control HUVECs stained with annexin V to detect phosphatidylserine translocation to the 

cell membrane, and propidium iodide to determine cell viability. (c) PS expression in HUVECs stimulated with different doses of TNF-a, showing a 

statistically significant increased expression in the experimental cords HUVECs (�) versus control cords ( ), independently of TNF-a concentration 

(*P < 0·001). Results are expressed as mean ± standard deviation of the mean.
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the crystal violet staining results showed (Table 2). The result
of the fluorescence spectroscopy with the BCECF-labelled
JURKAT or U-937 cells, corroborate the intrinsic augmented
binding capacity of experimental versus control HUVECs.
Both HUVEC types were stimulated with TNF-a, a major
pro-atherogenic stimulus and a well established factor influ-
encing endothelial adhesive properties. We found that there
was a statistical significant increase in the adhesion of both
mononuclear cell types to stimulated HUVECs in the exper-
imental group, 4·6 fold for Jurkat (P < 0·0002) and 2·7 fold
for U-937 (P < 0·002) cells (Table 3 and Fig. 5).

Discussion

Atherosclerosis is the result of a complex interaction between
several risk factors, one of them being a familial history of

coronary artery disease, which has been linked to a strong
possibility of developing the disease [22]. The formation of
characteristic lesions is secondary to a tightly regulated
migration of blood monocytes and lymphocytes into the
arterial intima, which suggests that endothelial cells play a

Fig. 3. Microphotographs (a,b, ¥20; c,d, ¥63; e,f, ¥100 original magnification) of the TUNEL assays performed in control and experimental HUVECs 

stimulated with 10 ng/ml of TNF-a. The arrows show the presence of apoptotic bodies (white arrows) in control cells (a,c,e) The scarcity of apoptotic 

bodies in experimental cords HUVECs (b,d,f) is evident.

(a) (b)

(c) (d)

(e) (f)

Table 2. Experimental and control HUVECs proliferation as deter-

mined by crystal violet staining.

HUVECs 24 h 48 h

Experimental 0·319 ± 0·081 0·367 ± 0·050

Control 0·339 ± 0·068 0·390 ± 0·055

The results represent the O.D. at 595 nm of triplicate cell cultures

maintained for 24 and 48 h before being stained with crystal violet as

described in material and methods. There was no statistical significant

difference between groups and culture times.
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significant role in the development of atherosclerosis and
that local events might contribute to the recruitment of
monocytes and lymphocytes [3,4,13,23]. One such event
could be a distinct expression pattern of local adhesion mol-
ecules in the endothelial cells of individuals with inherited
susceptibility, as recent experiments done with mice and rab-
bits suggest [16].

The expression of VCAM-1, P-selectin and ICAM-1 adhe-
sion molecules was higher in the experimental cords under
basal, nonstimulated conditions. It was surprising to find
that the expression of VCAM-1 did not increase when the
cells were stimulated with TNF-a, an observation suggesting
that the latter cells are already in a stimulated status. Cell
adhesion molecules expressed in endothelial cell are con-
trolled by cytokines, specially IL-1, IL-4 and TNF-a [24], but
the surface expression of VCAM-1 depends on the activation of NF-kb [25,26] and on a functioning actin cytoskeleton

[27].
Our observations in HUVECs, a venous endothelium,

may not be entirely representative of the responses of other
endothelia. It has been shown that human heart-derived
endothelial cells have different expression levels of adhesion
molecules under basal and cytokine-stimulated conditions
[28]. Whether these differences are shared among other
endothelia or are particular to a specific subpopulation [29],
remains to be determined. Our preliminary results in exper-
imental cord HUVECs have shown the existence of a large
granular endothelial cell subpopulation more reactive to
pro-atherogenic factors.

Experimental cords under non TNF-a-stimulated condi-
tions over-expressed adhesion molecules. This expression
was not enhanced upon stimulation with TNF-a, suggesting
a loss of the down-regulation mechanism which is probably
genetically predetermined [30]. Under normal conditions,
cytokines modulate the expression of adhesion molecules on
HUVECs either in a synergistic or antagonistic manner [31–

Fig. 4. The expression of different adhesins induced by oxidized LDL 

was higher in the experimental cords HUVECs ( ) than in the control 

cords (�). TFUs values never reached the same values as those obtained 

under TNF-a stimulation. *P < 0·001. Results are expressed as 

mean ± standard deviation of the mean.
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Table 3. Adherence of Jurkat (T-cell like) and U-937 (monocyte-like) 

cells to experimental and control HUVECs.

Non-stimulated TNF-a stimulated 

Control 

HUVECs

Experimental

HUVECs

Control 

HUVECs

Experimental

HUVECs

Jurkat cells 4 ± 1 6 ± 2 (a) 15 ± 6 (b) 28 ± 12 (c)

U-937 cells 5 ± 2 7 ± 2 (d) 6 ± 2 (e) 19 ± 9 (f)

Percentage of BCECF-AM labelled Jurkat or U-937 cell adhered to

either control or experimental endothelial cells. The adhesion of Jurkat

or U-937 cells to control or to experimental HUVECs did not show

differences under basal conditions. The adhesion of Jurkat (CD3+) cells

under TNF-a stimulated (2·5 ng/ml) conditions was significantly higher

((a) versus (c) P < 0·0002) in the experimental versus the control ((b)

versus (c) P < 0·01) HUVECs. There was a significant increase in the

adhesion of U-937 cells to TNF-a-stimulated experimental HUVECs

((d) versus (f) P < 0·002) versus the control ((e) versus (f) P < 0·001).

Results representing the percentage of fluorescence binding are

expressed as mean ± standard deviation of the mean.

Fig. 5 Microphotograph (original magnification ¥60) showing the 

enhanced adhesion of Jurkat cells (dark arrows) to endothelial cells 

(white arrows) obtained from (a) experimental cords versus (b) control 

cords. The existence of clusters of HUVECs is evident in those areas 

where adhesion is more pronounced.

(a)

(b)
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33]. It has recently been demonstrated that basal expression
of adhesion molecules does not change with age whereas the
response to cytokine stimulation increases [34]. Enhanced T
and pro-monocyte cell adhesion by experimental cord
HUVECs confirmed the over-expression of adhesion mole-
cules; nevertheless, it is possible that adhesion to monocytes
is actually greater than that which we observed with the U-
937 cells, since the latter require phorbol ester 12-O-tetrade-
canoylphorbol-13-acetate stimulation to reach terminal
monocytic differentiation [35]. Similarly, it was interesting
to observe that not all HUVECs bound JURKAT or U-937
cells, reinforcing the clonal composition of the endothelium
[36]. All these results strengthen the likelihood of an athero-
sclerosis-prone status in experimental cords’ HUVECs.

Oxidized low density lipoprotein as opposed to TNF-a,
had a different effect upon cell adhesion molecule expression
in experimental cord HUVECs. A recent report by Vielma
et al. [37] confirms that once endothelial cells display adhe-
sion molecules, oxLDL has a selective and limited enhancing
effect. This differential regulation had already been observed
for matrix metalloproteinase-1 (MMP-1) expression in
human vascular endothelial cells [38]. The inducing effect of
oxLDL is highly dependent on the source of endothelial cell
[39].

Atherosclerosis development requires several concurrent
factors [5,6,22], namely

• Inflammatory or injury risk factors such as TNF-a, hyper-
tension, diabetes mellitus, viral or bacterial infection, etc;

• deposition factors such as familial hypercholesterolaemia,
elevated plasma Lpa(a) isoforms, homocysteine and/or
LDL and oxidized LDL, Lpa (a) isoforms, etc;

• genetic risk factors.

Our results showed that the effect of two different pro-
atherogenic factors in the experimental cords’ HUVECs was
not identical, suggesting the need for a more profound anal-
ysis of their effect upon the endothelium in risk conditions.

A major observation of this study was the increased mem-
brane exposure of phosphatidylserine in the outer mem-
brane of experimental cord HUVECs, which was not
modified by TNF-a or oxLDL pretreatment. It was interest-
ing to observe that TNF-a-induced cell death, as determined
by propidium iodide, was less in comparison to the control
cords. The experimental cells stained positively with annexin
V and were negative to propidium iodide. This observation
was corroborated by the TUNEL assay, which showed the
absence of apoptotic bodies. Propidium iodide stain nucleic
acids; in integral cells it only stains the nuclei but in
paraformaldehyde fixed cells which do not have an intact
membrane it can stain the DNA o RNA that has abandoned
the nuclei, the latter being the cause of the cytoplasmic red
labelling. It was possible that in vitro culture conditions
might have induced apoptosis, but this event is only possible
in serum deprivation conditions [17], which was considered
in our experiments. It is possible that enhanced VCAM-1

expression and very low apoptotic cell death rate in the
experimental HUVECs might depend on signalling interme-
diates such as TRAF-2/5 or RIP-1, generating NF-kB and
AP-1-dependent gene transcription of VCAM-1 [25] and
cellular inhibitors which block the function of caspases [40].

Translocation of phosphatidylserine to the outer leaflet of
the cellular membrane seems to be a key signal for apoptotic
cells to be engulfed by phagocytes. The absence of apoptotic
bodies despite PS over-expression in the experimental
HUVECs is consistent with reports that suggest that the
maintenance of outer membrane exposure of PS is not
always associated with inevitable apoptosis [41,42]. It has
also been reported that HUVECs undergoing cell death
exhibited typically a more rapid exposure of membrane
phosphatidylserine (PS) than DNA fragmentation [17]

In this scenario, increased PS surface exposure could make
the endothelium prone to become a target for macrophage
attachment via the scavenger receptors CD36 and CD68, and
the LOX-1 receptor [43,44]. We can not conclude that the
over-expression of PS on endothelial cells is a marker for
inherited cardiovascular risk, but it could be a potent
atherogenic stimulus inducing enhanced monocyte- and
lymphocyte-endothelial adhesion and possibly thrombosis
as well as activating complement [18] and initiating coagu-
lation [45–47].

The importance of determining the degree of responsive-
ness of pro-inflammatory and pro-atherogenic stimuli in
endothelial cells from newborns with a strong family history
of ischaemic heart disease, could lead to the identification of
potential links between genetic predisposition and endothe-
lial dysfunction in ischaemic heart disease.
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