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Abstract

Aims: To investigate the effects of low concentrations of oxidized LDL (oxLDL) on
in vitro cell angiogenesis, represented by tube formation from human coronary
artery endothelial cells (HCAEC). Methods and Results: Cultures of HCAEC were
treated with low concentrations of native LDL (nLDL) isolated from human plasma,
electronegative LDL [LDL(-)], a sub-fraction of LDL with minimal oxidative
characteristics, and chemical minimally oxidized LDL, through methods of low
degree and times of oxidation; the effects were compared. We established the
ability of nLDL, LDL(-), oxXLDL(ENO-HCO3-/1’) and oxLDL(ENO-HCO3-/10’) in low
concentrations, of 1 and 4 pg/mL, to investigate their effects on tube formation from
HCAECs in Matrigel™. No inhibiting effect nLDL was observed on tube formation
from HCAECs. LDL(-), oxXLDL(ENO-HCO3-/1’) or oxXLDL(ENO-HCO3-/10’) inhibited
the formation of capillary-like structures in a dose-dependent manner. Conclusion:
The effects of oxLDL on the coronary endothelial cells in culture, inhibiting the
process of angiogenesis are proportional to the concentration and degree of
oxidation of LDL. Our data, however, should be interpreted in light of the limitations
inherent in in vitro experimentation, albeit their value in exploring pathophysiological
mechanisms. Yet, these resuts furnish new insight into mechanisms by which
OxLDL may impair endothelial functions related to atherogenesis and its clinical

complications.
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Introduction

Angiogenesis,  defined as
formation of new capillaries, is a
physiological process necessary for
embryonic development and wound
repair as well as in various pathologic
events such as tissue ischemia,
cancer, diabetic retinopathy, and
chronic inflammatory states including
atherosclerosis. This highly regulated
process involves degradation of extra-
cellular matrix, disruption of cell-cell
contacts, migration and proliferation,
and capillary tube formation from
endothelial cells.!

High plasma levels of low-
density lipoprotein (LDL) contribute
causally to the development of
cardiovascular atherosclerotic
disease. The response to injury
hypothesis of atherosclerosis
proposes that the first step in
atherogenesis is endothelial
dysfunction induced by the action of
risk factors, especially the exposure of
the vascular endothelium to oxidized
LDL (oxLDL).2

Preliminary studies revealed
that preparations of isolated human
LDL have toxic effects on endothelial
cells in culture.®® We investigated the
effects of oxLDL at low concentrations

on the proliferation and spontaneous

motility of human coronary artery
endothelial cells (HCAECS) in culture.
In our experiments, oxLDL inhibited in
vitro proliferation and cell migration of
HCAECS, essential mechanisms in the
processes of reestablishing vascular
integrity after injury and angiogenesis.
This detrimental effect was
proportional to the concentration and
degree of oxidation of LDL.®

Some studies have shown that
the lipid components of oxLDL can
paradoxically increase the production
of VEGF by endothelial cells in culture,
which may be a protective mechanism
in face of cellular injury.”® OxLDL had
a biphasic effect on endothelial
replication:  stimulation  of  cell
proliferation at low concentrations (5 to
10 pg/mL), but causing apoptosis at
concentrations above 50 upg/mL.%10
Recent data, have shown that oxLDL
at low concentration, under 5 pg/mL,
could promote capillary tube formation
using HCAECs. 1112

The precise mechanisms and
clinical relevance of the formation of
capillaries in response to oxLDL,
require further examination

experimentally and in humans.
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Objective

Considering the limited
interpretation data from studies using
several lineages of endothelial cells in
the literature, and aiming at
contributing to a better understanding
of the basic processes involved in the
interaction between oxLDL and
endothelial cell, we carried out a
systematic experimental study using
HCAECSs, which have a primordial role
in coronary atherogenesis.

This study investigated the
effects of low concentrations of nLDL,
electronegative LDL [LDL(-)], a sub-
fraction of LDL with minimal oxidative
characteristics, and chemical
minimally oxidized LDL, through
methods of low degree and times of
oxidation, on in vitro cell angiogenesis,
represented by tube formation from

HCAECs.

Methods

The nLDL and LDL(-) samples
were extracted from human plasma
and purified as described ¢ and were
stored at a temperature below -70°C
until use. The LDL samples (0.5 pg/mL
of protein) underwent oxidation with
1.0 yM of spermine nonoate (SNO)
plus HCOs (SNO-HCOs) (SIGMA).

The samples were incubated in a
water bath (37°C) under constant
agitation for 1 or 10 minutes. The
reaction was stopped by addition of
100 mM of diethylene tetramine
acid, 100 mM of
butylhydroxytoluene, 125 units/mL of

pentacetic
superoxide dismutase, and 125
units/mL of catalase.’® All samples
were maintained at -20°C until the
time of the experiments.

HCAECs were obtained from
CLONETICS (BioWhittaker Inc.,
Walkersville, MD, USA). The culture
medium used was MCDB- 131
(GIBCO) with the addition of the
following: EGF (INTERGEN), 10
ug/mL; hydrocortisone (SIGMA), 1.0
pug/mL; amphotericin B (GIBCO), 50
pMg/mL; penicillin, 100 U/mL;
streptomycin (GIBCO), 100 U/mL; and
10% fetal bovine serum (GIBCO) with
1 uM L- glutamine (GIBCO). The
experiments were performed in culture
media with 5% fetal bovine serum.

The assay of capillary tube
formation in Matrigel™ was performed
according the in vitro angiogenesis
protocol established by GRANT et al.
(1989) ¥, and modified by
GAGLIARDI et al. (1997) ° adapted to
culture plates with 96 wells. A cold
solution (4°C) of Matrigel™ (200 pl) in
a cold (4°C) culture medium 1:1
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without fetal bovine serum was placed
in culture plates with 96 wells. Pipettes
and plates used were previously
cooled. After incubating the Matrigel™
gel for 30 min, at 37°C, about 30
thousand cells in 200 pl culture
medium, were placed on the
Matrigel™. After 18 hours, culture was
fixed and stained. Capillary tube
formation was quantified in three
microscopic fields for each well with
four samples for each experimental
treatment.

The substances investigated,
nLDL, LDL(-), oXLDL(ENO-HCOs7/1’)
and OxLDL(ENO-HCOs/10’) were
added to HCAECs cultures depending
on the protocol of each experiment, in
concentrations of 1 and 4 pg/mL, and
added to Matrigel™ as described, by
18 hours. The number of capillary
tubes was guantified under
microscopy (NIKON-TMS) with an
increase of 100 times in three
representative fields for each well
culture plate with four samples for

each experimental treatment.

Statistical analysis

The Kruskal-Wallis
nonparametric test compared the
concentrations, because it s
considered the most appropriate test
for independent samples, and the
Dunn test was used for multiple
comparisons. Nonparametric tests
were used because the supposition of
data normality was rejected. The
significance level adopted for the tests

was 5%.16

Results

We established the ability of
nLDL, LDL(-), oxLDL(ENO-HCOs/1’)
and OoxLDL(ENO-HCO3/10’) in low
concentrations, of 1 and 4 pg/mL, to
investigate their effects on tube
formation from HCAECs in Matrigel™.
Figure 1 shows no inhibiting effect
nLDL on tube formation from
HCAECs. LDL(-), oxLDL(ENO-HCOs
1) or oxLDL(ENO-HCO37/10’)
inhibited the formation of capillary-like
structures in a dose-dependent
manner (Figures 2, 3 and 4).
Microphotography (40X magnification)
showed this inhibitory effect (Figure 5).

UNISANTA Bioscience Vol. 12 n° 4 (2023) p. 264 — 274

Pagina 267



H.T. Xavier, D.S.P. Abdalla, T.L.R. Martinez, A.R.T. Gagliardi, J.A.F. Ramires

90,00

50,00

Tube formation (% of control)

0,00

100,00

80,00 ¢
70,00 ¢
60,00 ¢

40,00 ¢
30,00 ¢
20,00 ¢
10,00 ¢

L]

N\

Control

S \\g

Treatment: nLDL (ug/dL)

Figure 1. Effect of nLDL on tube formation from HCAECs; n=4 samples for each

independent experiment. Control versus treatments (p=0,5264)
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Figure 2. Effect of LDL(-) on tube formation from HCAECs; n=4 samples for each

independent experiment. Control versus treatments *(p < 0.05)
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Figure 3. Effect of LDL-ox (ENO-HCO3-/1’) on tube formation from HCAECs; n=4
samples for each independent experiment. Control versus treatments *(p < 0.05)
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Figure 4. Effect of LDL-ox (ENO-HCO3-/10’) on tube formation from HCAECs; n=4

samples for each independent experiment. Control versus treatments *(p < 0.05)
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Figure 5. Microphotography of the formation of capillary-like structures representing

in vitro angiogenesis on a total of 48 samples. A: control; B: nLDL; C1 and C2:
LDL(-); D: treatment oxLDL(ENO-HCO3-/1’); E: treatment oXLDL(ENO-HCO3-/10’);

(40X magnification)

Discussion

The products of cholesterol
oxidation generated by the oxidative
modification of LDL, the cholesterol
hydroperoxides, confer cytotoxicity on
the particle, are implicated in the

pathogenesis and progression of

atherosclerosis, and localize In
atheroma plagues and human
plasma.l’18

The concentrations of oxLDL
commonly used in the experiments (25
to 100 pg/mL) exceed considerably
the levels of oxLDL found in the
human plasma (0.1 pg/mL).1%20 Yet in
atherosclerotic lesions, oxLDL
localizes in the subendothelial space,

because it is retained in the

extracellular matrix during
atherogenesis. Therefore, large
quantities of oxLDL, much higher than
plasma concentration, accumulate in
that region. The LDL retained in that
microenvironment, ideal for oxidation,
is more intensely oxidized and has
characteristics similar to those of LDL
oxidized by various experimental
procedures.?! This study used low
concentrations (1 to 4 pg/ mL) of LDL,
aiming to obtain values closer to those
in the physiological situation, and,
therefore, at investigating the
biological effects of LDL on in vitro
angiogenesis of HCAECs.

Our results suggest the

occurrence of similar effects of the
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oxLDL present in vascular walls,
atherosclerotic plaques, and even
circulating in the plasma, reinforcing
the data in the literature that implicate
oxLDL in cardiovascular events. 22:23
Recently, elevated oxLDL plasma
levels were shown for the first time to
directly relate to plague instability in
atherosclerotic lesions of human
coronary arteries. OXLDL levels were
measured in patients with acute
myocardial infarction, unstable angina,
stable angina, and controls, revealing
a positive correlation with the severity
of acute coronary syndrome. The
serum levels of oxLDL were 4 times
more elevated in patients with acute
myocardial infarction when compared
with those of controls, suggesting that
circulating oxLDL may be a marker of
severity in cardiovascular events.?*
Our results indicate that oxLDL
concentrations similar to those found
in the acute phase of coronary
syndromes inhibit in vitro angiogenesis
as assessed by tubule formation by
HCAECs. Thus elevated levels of
oxLDL, due to its cytotoxicity, may
negatively interfere not only with
instability of the atherosclerotic
plaque, but also with the
reestablishment of the post injury
vascular integrity, worsening the

patient outcomes. The effects of

oxLDL on the coronary endothelial

cells in culture, inhibiting cell

proliferation and motility, key
mechanisms in reendothelization of
injured areas of the wall® and in the
process of angiogenesis are
proportional to the concentration and
degree of oxidation of LDL. One could
infer therefore that clinical
interventions to control and preserve
the integrity of these variables should
be pursued to minimize the deleterious
effects and change the natural history
of coronary artery disease.

Our data, however, should be
interpreted in light of the limitations
inherent in in vitro experimentation,
albeit their value in exploring
pathophysiological mechanisms. Yet,
these results furnish new insight into
mechanisms by which OxLDL may
impair endothelial functions related to
atherogenesis and its  clinical

complications.
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