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Study on mononuclear cell adhesion to endothelial cells in
patients with low serum high-density lipoprotein levels
before and after interventionsAbstract
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Abstract

Key wards: high density lipoprotein cholesterol, felofibrate, atherosclerosis,
cell adhesion, human umbilical vein endothelial cell

In order to examine the possible beneficial effects of elevating the
initially low high density lipoprotein cholestercl (HDL-C), patients mainly
with low HDL-C were included in this study. Patients with HDL-C <40 mg/dl
with neormal or mild elevation of cholesteral {(CH, <250 mg/dl) and/or
normal or mild to moderate elevation of triglyceride (TG, <400 mg/dl} were
studied with lipid profile measurements and cell adhesion measurements.
Then they were treated with life style modification, and drug therapy if
necessary, to elevate the HDL-C level

Totally 59 patients (42 males), with mean ages of 65.4+9.8 years were
studied. Most of the patients (45 cases, 76.3%) received fenofibrate
treatment. The lipid profile follow-up showed nao changes in CH and LDL-C
levels after intervention while TG was significantly reduced (averaged -28%)
and HDL-C markedly increased (averaged +18.7%). Cell adhesion was
significantly reduced after treatment (p<0.0001).

It is concluded that by intensive interventions on patients with low HDL-
C to raise HDL-C levels with concomitant reduction in TG levels, the
mononuclear cell adhesion to the cultured HUVEC was demonstrated to
decrease significantly. The clinical significance of these findings needs
further studies.
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Cardiovascular disease is the most important cause of of morhidity and
mortality in the modern life. The importance of cardiovascular diseases is
rapidly increasing in our country in past decades, as demonstrated by the
life statistics. Atherosclerosis would affect different arteries, resulting in
coronary artery disease, cerebrovascular disease, aortic disease and various
peripheral vascular disorders.

The earliest event in the process of atherosclerosis is adhesion of
circulating mononuclear cells, especially monocyte, to the endathelial
lining of the vessel (1-3). The adhered mononuclear cells then
transmigrate across the endothelium to the subintimal layer where they
replicate and, by engulfing lipids, transform into foam cells (1-3). These
changes resulted in fatty streak which is the earliest pathological
manifestation of atherosclerosis. Therefore, cell adhesion is the first step
in the process of atherosclerosis. The studies about adhesion of
mononuclear cells to endothelium is now one of the most active fields of
research in the scope of atherosclerosis.

Endothelial dysfunction plays an important role in the pathogenesis of
atherosclerosis (1-4). Many risk factors for the development of
atherosclerosis have been identified in the past decades, among them are
hypertension, dyslipidemia, smoking, diabetes mellitus, and obesity. (5). It
has been reported that hypertension (8-8), hypercholesterolemia {9-13),
hypertriglyceridemia (8,11,13), and diabetes mellitus (15-21) all
enhanced mononuclear cell adhesion to endothelial cells in culture and/or
vascular endothelium.

It has been reported that low serurn high density lipoprotein
cholesterol (HDL-C) is especially important as a coreonary risk factor for
Chinese in Taiwan (22,23). The importance of HDL-C has been especially
emphasized in the recently released ATP III (24) In the new
recommendation, the lower limit of HDL-C level has been raised to 40
mg/dl, instead of 35 mg/dl, for males. Yet, as to our knowledge, it is
worth to note that there is no study concerning the effects of serum HDL-
C on the adhesion of monocytes or meonecnuclear cells to endothelial cells
or vascular endothelium in the literature.

We therefore, proposed to study the blood mononuclear cell adhesion
to the cultured human umbilical vein endothelial cells (HUVEC) in
patients with low HDL-C. We further investigated the effects of HDL-C
elevation after intervention on the cell adhesion in these patients.



Subjects and Methods

1. Culture of HUVEC

The HUVEC will be obtained and cultured following the method of Jeffe
et al (25). The cells will be cultured with M199 supplemented with 20%

fetal bovine serum, 20 mM HEPES, 100 pg/ml endothelial cell growth

substance (Collaborative Research, Bedford, MA), 5 U/ml heparin, 100
IU/ml penicillin and ©.1 mg/ml streptomycin (26). Subculture is
undertaken when confluence of the cell occurs, by applying 0.25% trypsin-
EDTA (Gibco, Gaithersburg, MD) for 3 minutes. Cells of 3rd to 6th passage
will be used in experiments.

2. Study subjects

Subjects with low HDL-C (<40 mg/dl) were included in this study. Their
tatal cholesterol should be <2560 mg/dl and triglyceride <400 mg/dlL
Patients with hypertension and diabetes mellitus were excluded Smoking
and/or obesity were not excluding factors, but were factors for intervention
to increase HDL-C,

After initial studies on mononuclear cell adhesion, the subjects were
evaluated for possible conditions for intervention to increase the HDL-C.
These conditions might include obesity, smoking, lack of exercise, etc. In
patients whose HDL-C did not elevate to >40 mg/dl, drugs, especially
fibrates, were prescribed. After 3 months or longer of interventions, the
serum HDL-C levels were rechecked. In case HDL-C elevated to >40 mg/dl
or increase > 3 mg/dl (about 10%), the mononuclear cell adhesion studies
were repeated to evaluate the effects of HDL-C elevation.

3. Isolation of plasma and mononuclear cells

Fasting venous bloods from patients subjects were collected in tubes
containing EDTA. The blood samples were then centrifuged at 2000 rpm for
15' and the plasmas were obtained and stored at 4 degree C for later
analysis.

To isolate mononuclear cells from the patients and the controls, the
method of Menon et al. was used (27). Anticoagulated human blood was
layered over an equal volume of Histopaque 1077 (Sigma), and then
centrifuged at 400 x g for 30' at room temperature. Mononuclear cells are
collected from the interphase, resuspended in Tris buffer (TBS, 20 mM
Tris, 0.15 M NaCl pH 7.4). After sedimentation by centrifugation at 250 x g
for 10', the cells are washed and resuspended in TBS buffer and ready for
use in experiments.



4. Adhesion study

The method of Berliner et al. {(28) will be used. HUVEC are cultured in 6-
well culture plates. At confluence, HUVEC monolayers are rinsed with
serum-free medium for 3 times. Mononuclear cells from the patients or
normal controls, 2x105 cells in 250 pl in DMEM containing 1% heat-

inactivated serum, are added te each well, and then kept in incubator. After
1 h, the nonadherent manonuclear cells are rinsed off and the wells fixed
with 1% glutaraldehyde. The attached cells are counted in each of 10
microscopic fields.



Results

1. Study Subjects

A total of 59 cases of patients initially with low HDL-C (<40 mg/dl) were
studied. They were studied before interventions and then after
interventions to elevate the HDL-C level All patients were studied at least 2
times on cell adhesion measurements and lipid profile at intervals of 3
months. There were 42 males and 17 females. The average age was
65.4+9.8 years for the study patients. The intervals between the studies of
cell adhesion before and after intervention ranged between 26 days and 214
days, with an averaged of 88.4+15.5 days. Lipid lowering medicines included
felofibrate in 45 patients, bezafibrate in 3 patients, lavastatin in 3 patients,
gemfibrazil in 2 patients, simvastatin and fluvastatin each for 1 patient and 3
patients received combination therapy which included statin and fibrate.

2. Lipid levels before and after interventions

Table 1 showed the lipid data before and after interventions. Before
intervention, the average cholesterol (CH) was 191.4430.4 mg/dl which
changed to 190.1433.3 mg/dl (NS). The ftriglyceride levels changed
significantly after interventions (210.2+1158 mg/dl vs 151.3496.6 mg/dl
p<0.0001). Low density lipoprotein cholesterol (LDL-C) showed no
significant changes (118.3 +27.1 mg/dl vs 121.6 +28.6 mg/dl) while HDL-C
revealed significant elevation (34.2 +50 mg/dl vs 406+7.2 mg/d},
p<0.0001) after interventions.

Table 2 showed the lipid data of the 45 patients who received treatment
with fenofibrate. Again the changes in CH and LDL-C were not significant but
the changes in TG and HDL-C were highly significant {p<0.0001).

3. Cell adhesion before and after interventions

Cell adhesion for the whole group of patients averaged 144.2450.0%
before intervention which was changed to 115.5+30.5% after intervention
(Table 1, p<0.0001). For the patients who were treated with felofibrate, the
corresponding data were 138.3+48.1% vs 117.1432.0% (Table, p<0.01).



Discussion

In this study, patients mainly with low HDL-C were studied for the
adhesion of mononuclear cells to cultured HUVEC. As it has been definitely
established that adhesion of mononuclear cells, especially monocytes, to the
injured intima is the first and essential step to the development of
atherosclerosis {1-4). Low in HDL-C as an important risk factor for
atherosclerosis has been proved (22,23,29) and has been especially
emphasized recently in a therapeutic guidelines (24).

In previous studies, we have proved that low HDL would increase the
mononaclear cell adhesion to the cultured HUVEC. In this study we
intended to further examine the effects of improvement in low HDL-C by
various interventions on cell adhesions. In this study, we found that by using
both life style modification and liid lowering medicines, TG was significantly
decreased while HDL-C was markedly increased. The adhesion of
mononuclear cell to the cultured HUVEC was demonstrated to significantly
reduced after treatment with increased HDL-C and decreased TG. It is
worth to note that in this study the CH and LDL-C were both kept stable
after treatment Therefore, the improvement of cell adhesion after
treatment should attribute mainly to decreased TG and/or increased HDL-C.

The implications of this in vitro observation needs further long-term
clinical study and observation to prove or disprove its value.
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Table 1 Cell adhesion and lipid profile before and after treatment

Before treatment After treatment
CH 121.4+430.4 190.1+33.3
TG 210.2+15.8 151.3+986.6*
LDL-C 118.3+27.1 121.6+28.6
HDL-C 34.2+5.0 40.8+7.2"
Cell Adhesion (%) 144.2+50.0 115.5+30.5"

Abbreviations: CH=cholesterol. HDL-C=high density lipoprotein
cholesterol, LDL-C= low density lipoprotein chelesteral,
TG=triglyceride

*p<0.0001 as comparing with that before treatment

Table 2 Cell adhesion and lipid profile before and after treatment
in patients treated with felofibrate

Before treatment After treatment
CH 192.4+27.8 189.2+33.6
TG 198.68+19.9 143.5+101.9*
LDL-C 121.6+23.9 122.3+28.5
HDL-C 33.8+48 41.4+5.2*
Cell Adhesion (%) 138.3+48.1 117.1+32.04#

Abbreviation as in Table 1
*p<0.0001 as comparing with that before treatment
#p<0.01 as comparing with that before treatment
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Serum lipids in patients who were trearted with lipid-
lowering agents

Abbreviations: A- = after treatment; B- = before
ireatment; Cho = cholesterol; HDL = high density
lipoprotein cholesterol; LDL = low density lipoprotein
Cholesterol;, TG = triglyceride.
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Fig.2 Serum lipids in patients who were trearted with fenofibrate (Lipanthyl)

Abbreviations: A- = after treatment; B- = before treatment; Cho = cholesteroi;
HDL = gh density lipoprotein cholesterol; LDL = low density lipoprotein
Cholesterol; TG = triglyceride.
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