Symbiosis
Research Article

SOJ Immunology

www.symbiosisonline.org
www.symbiosisonlinepublishing.com

Open Access

CD36 in Atherosclerotic Coronary Artery Disease:
Correlation with Angiogenesis and Inflammation
Enas A. El-Hussieny1, Amira M. Gamal Eldeen2,3*, Roba M. Talaat4, Ahmed F. Tamara5,
Mohamed S. Salama6 and Nadia M. El-Beih1
1
Department of Zoology, Faculty of Science, Ain Shams University, Cairo, Egypt
Department of Cancer Biology Laboratory, Center of Excellence for Advanced Sciences, National Research Center (NRC), Dokki, 12622, Cairo, Egypt
3
Department of Biochemistry, National Research Center, Dokki, 12622, Cairo, Egypt
4
Department of Molecular Biology, Genetic Engineering and Biotechnology Research Institute (GEBRI), University of Sadat City, Egypt
5
Department of Cardiology, Faculty of Medicine, Ain Shams University, Cairo, Egypt
6
Department of Entomology, Faculty of Science, Ain Shams University, Cairo, Egypt

2

Received: December 19, 2014; Accepted: April 06, 2015; Published: April 15, 2015
*Corresponding author: Roba M. Talaat, Department of Molecular Biology, Genetic Engineering and Biotechnology Research Institute (GEBRI), University of Sadat City, Egypt, E- mail: robamtalaat@yahoo.com

Abbreviations

Abstract
Background: CD36 is one of the macrophage scavenger receptor
that has been implicated as a key player in the pathogenesis of
atherosclerosis.
Aim: This study focused on the role of CD36 in coronary
artery disease (CAD) and its association with proangiogenic and
inflammatory mediators.

Patients and Methods: We studied 100 atherosclerotic CAD
patients and 100 healthy controls. All patients had angiographic
evidence of stenosis ≥ 50% in at least one major coronary artery
Soluble CD36 (sCD36), peripheral blood mononuclear cells (PBMCcCD36), vascular endothelial and platelet- derived growth factors
(VEGF & PDGF), Tumor necrosis factor (TNF-α) and cycloxygenase-2
(COX-2) were measured using enzyme-linked immunosorbent
assay (ELISA). CD36 mRNA expression was measured using reverse
transcriptase polymerase chain reaction (RT-PCR).

Results: A significant reduction in cCD36 expression (protein and
mRNA) and plasma levels of sCD36, VEGF, PDGF in CAD patients was
demonstrated. In contrast, a marked elevation in the plasma level of
TNF-α was observed. There was a strong inverse correlation between
severity of CAD and sCD36 (r = -0.413; P < 0.001), cCD36 (r = -0.4663;
P < 0.001), CD36 mRNA (r = -0.328; P < 0.01). Furthermore, CD36 was
found to be positively correlated with VEGF (r = 0.446; P < 0.001) and
PDGF (r = 0.287; P < 0.05), while it was negatively correlated with
TNF-α (r= - 0.352; P < 0.01).

Conclusion: CD36 deficiency might represent a good expression
marker for the development of CAD in Egyptian patients in association
with inflammatory and proangiogenic mediators. Targeting the
underling mechanism of the direct and inverse association of CD36
with angiogenic and inflammatory mediators could be used in the
treatment of athero-inflammatory disorders.

Keywords: Coronary artery disease; CD36; Angiogenesis;
Inflammation.
Symbiosis Group

CAD: Coronary Artery Disease; VEGF: Vascular Endothelial
Growth Factor; PDGF: Platelet - Derived Growth Factor; TNF-α:
Tumor Necrosis Factor-α; COX- 2: Cycloxygenase-2; HC:
Hypercholesterolemia; HT: Hypertension; DM: Diabetes Mellitus;
RT-PCR: Reverse Transcription Polymerase Chain Reaction.

Introduction

Cardiovascular Diseases (CVDs) accounting for ~ 38% of
all deaths worldwide. Without doubt, the largest contributor to
CVD is Coronary Artery Disease (CAD), the leading cause of the
death in developed countries [1]. By 2015, almost 20 million
people will die from CVDs [2]. In Egypt CVDs are now the main
causes of death among Egyptians. In 1970, CVDs were accounted
for 12.4% of all deaths, whereas two decades later they were
responsible for 42.5% of the mortality [3]. Major risk factors of
CVDs include Hypercholesterolemia (HC), Hypertension (HT),
Diabetes Mellitus (DM) and smoking [4].
Atherosclerosis, the main cause of CAD, is a progressive and
chronic inflammatory disease in which lipids, immune cells,
vascular smooth muscle cells, and extracellular matrix accumulate
in the subendothelial space to form the growing atherosclerotic
lesion. The risk for of cardiovascular events is related to the
composition and stability of the plaque rather than to the degree
of arterial stenosis, and many studies suggest that inflammation
is a critical determinant of plaque stability [5]. More than 80%
of sudden cardiac death is caused by atherosclerosis [6]. The
progression of the atherosclerotic disease and the increasing
severity of atherosclerosis relate not only to the presence and
extent of cardiovascular risk factors but also to the persistence of
risk factors over time [4]. The study by Allah, et al. [7] found that
atherosclerotic carotid artery disease (intima-media thickness
and/ or plaques) was present in 41% of the study population.
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CD36 is one of the monocyte-derived macrophage
scavenger receptors that have been implicated as a key player
in the pathogenesis of atherosclerosis [8]. It is believed to play
a critical role in the initiation and progression of atherosclerosis
through its ability to bind and internalize modified lowdensity lipoprotein, facilitating the formation of lipid-engorged
macrophage foam cells [9]. A variety of studies have been shown
that CD36 deficiency may be related to the metabolic syndrome,
which is strongly associated with atherosclerotic CVD [10].
Inadequate blood supply to the heart and other tissues
resulting from partially lose of the functional blood flow and
insufficient new blood vessel growth is a hallmark feature of
atherosclerosis. The formation of new blood vessels out of preexisting capillaries (angiogenesis) is a consequence of events that
is important in atherosclerosis. The most potent pro angiogenic
factors are Vascular Endothelial Growth Factor (VEGF) and
platelet- derived growth factor (PDGF). They played a significant
role in angiogenesis and regulation of vascular endothelial cell
growth and maintenance and development of new blood vessels
[11].

In atherosclerotic plaques, monocytes/macrophages are
significant producer of inflammatory cytokines that have a central
role in atherogenesis, and cause the clinical manifestations
and acute clinical complications of atherosclerosis [12]. Tumor
necrosis factor (TNF-α) is involved in the pathogenesis of
atherosclerosis and it can initiate many signaling pathways
resulting in production of factors influencing angiogenesis [13].
Substantial evidence indicates that unregulated cycloxygenase-2
(COX-2) expression and prostaglandin synthesis influence
chronic inflammatory condition, including atherosclerosis and
its complications. COX-2 is rapidly induced by various stimuli,
including proinflammatory cytokines, such as TNF-α, growth
factors, resulting in prostaglandin synthesis associated with
inflammation [14].

Risk factors for the development of atherosclerotic CAD have
been identified, but several biomarkers may also be important in
identifying patients at risk. Therefore, the aim of this study was
to evaluate the potential predictive role of CD36 expression in
atherosclerosis severity in Egyptian patients. The study was also
focused on the relationship between the inflammatory (TNF-α,
and COX-2), angiogenic (VEGF and PDGF) mediators and the
scavenger receptor (CD36) in the development of accelerated
atherosclerotic CAD in Egyptian patients. To the best of our
knowledge, this study is the first to be done in Egyptian patients
with CAD.

Patients and Methods
Study population

The study population was consisted of 100 consecutive
atherosclerotic patients (69 males and 31 females) with mean
age 54 ± 7 years (range 35-77 years), who had been referred
to Nasser Institute Hospital, Egypt International Hospital,
Specialized Hospital of Ain Shams Universities, El-Demerdash
Hospital and Cardiovascular Cath-Lab Center, Egypt. All
investigations were done in accordance with the Ministry
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of Health, Health and Human Ethical Clearance Committee
guidelines for Clinical Researches. Ain-Shams University local
Ethics Committee approved the study protocol. All patients and
healthy controls agreed to be enrolled in this study and written
consent was obtained from all participants.

All patients had angiographic evidence of stenosis ≥ 50% in at
least one major coronary artery or their main branches. Stenosis
after a careful history was taken; the patients underwent a
physical examination, chest X-ray, 12-lead Echocardiography
(ECG) was performed to detect segmental wall motion
abnormalities (SWMA) as a result of myocardial ischemia, and
ultrasound examination of the heart. Blood was drawn from
fasting patients on the morning of catheterization for assay
of glucose and lipid concentrations by standard laboratory
methods. Risk factors for cardiovascular disease, carotid
artery ultra sonography, and coronary artery angiography-left
ventriculography were performed. According to the number of
diseased vessels, the patients were classified into three groups:
Patients with one- (SV), two- (DV), or Multiple-Vessels Disease
(MV). Clinical features of CAD cases and controls were shown in
Table 1.
The study was also included 100 normal healthy individuals
to serve as a control group, including 25 females and 75 males.
Table 1: Demographics and clinical status of Egyptian CAD patients.
Characteristic

Patients (%) N = 100

Age (yr) (mean ± SE)

58 ± 10

Gender (%)
Male

Females

Coronary risk factors

69%
31%

Family history

25.60%

Hypercholesterolemia (HC)

13.30%

Diabetes Mellitus (DM)
Hypertension (HT)
DM+HT
DM+HC
HT+HC

13.30%
29.30%
21.20%
8%

24%

DM+HT+HC

45.30%

Moderate

30%

Coronary angiography

Severe

60%

Mild

Number of stenosed vessels

Single vessel (1)

Double vessels (2)

Multi-vessels (3 or more)

Smoking status

Mild

Moderate
Severe

10%

38.30%
31.60%
28.30%
10%

11.60%
30%
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Controls included persons who had no major risk factors such
as family history of early cardiovascular disease, diabetes,
hypertension, hypercholesterolemia, and smoking. They had
normal resting ECG or with no blood vessel stenosis or disease
(at angiography). Blood samples were drawn from patients prior
to angiography. Plasma were separated by centrifugation at
1500 rpm for 15 min at 4°C, aliquotted, and stored at -80°C until
analysis. The Peripheral Blood Mononucleated Cells (PBMCs)
were obtained from heparinized blood by centrifugation through
a Ficoll-Hypaque separating media (Bio Basic Canada Inc).

Evaluation of risk factor variables

The recorded risk factors included smoking status, HC, DM,
HT and family history of CAD. Current smokers were categorized
according to the number of cigarette smoked per day as reported
at baseline into mild smoker (1-10 cigarette/ day), moderate (1020 cigarette/ day), and severe smokers (20 or more cigarette/
day). Non-smokers group had never smoked any cigarette.
Hypertension was defined as blood pressure over 140/90 mm Hg,
as measured on several occasions, or the use of antihypertensive
treatment; DM as a fasting plasma glucose over 126 mg/ dl
or the use of glucose-lowering treatment; hyperlipidemia as
low density lipoprotein levels over 130 mg/ dl or high density
lipoprotein < 35 mg/ dl and triglycerides > 200 mg/ dl or the use
of lipid-lowering therapy. Accordingly, our CAD patients were
sub-classified based on the presence of one or more risk factors
into: DM, HT, HC, DM+HC, DM+HT, HT+HC, and DM+HT+HC.

Estimation of CD36

Soluble and PBMCs CD36 (sCD36 and cCD36) were quantified
by indirect ELISA as previously described [15]. Plasma CD36
levels were expressed as milli absorpance (mA).

Analysis of CD36 mRNA expression

Expression of CD36 by PBMCs was performed using reverse
transcription polymerase chain reaction (RT-PCR). Total RNA
was isolated from PBMCs samples using BIOZOL reagent
(Bioflux) following manufacturer’s instructions. Purity and
concentration of total RNA was quantified using UV-microplate
reader (FLUOstar OPTIMA), on the basis of the A260/ A280
ratio. RT–PCR was performed using total RNA template, where
1 µg of total RNA was reversely transcribed to produce cDNA
by sequential incubation with anchored 0.6 μm oligo-dT primer
and RT enzyme (SibEnzyme, Ltd, Russia) at 37°C for 10 min,
42°C for 1 h and 70°C for 10 min. The final volume for each
PCR reaction was 25 µl that was consisted of DreamTaq Green
PCR Master Mix (2X) (Fermentas, Thermo Fisher Scientific
Inc., USA), 50 pmoles of specific primers for human CD36:
Sense: 5’-TCCTCGAAGAAGGTACAATTGC-3’ and antisense:
5’-5’-CAATACAATGACATTTGCCAAG-3’. PCR cycling conditions
were consisted of 95°C for 2 min followed by 40 cycles (94°C for
40 seconds, 60°C for 60 seconds and 72°C for 60 seconds) and
then a final extension cycle at 72°C for 10 min [16]. PCR products
(250 bp) were visualized by 2.5% agarose gel electrophoresis.
The sizes of PCR products were determined relatively to the
migration of a 50 bp step ladder (Fermentas). The signed
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intensity of the bands was quantified by UV gel documentation
system (Biometra® goettingen, Germany, Bioanalyze 1.0).

Estimation of plasma pro-angiogenic factors

Plasma levels of VEGF, PDGF and TNF-α were quantified
by ELISA as previously described [16], using matched paired
antibodies (R&D Systems). The ELISA reader-controlling
software (Softmax) readily processes the digital data of raw
absorbance values into a standard curve from which unknown
concentrations can be derived directly. Results were expressed
as pg/ ml of plasma.

Estimation of COX-2 by Dot Blot assay

Plasma COX-2 was quantified by Dot Blot assay. A
polyvinylidene difluoride (PVDF) membrane (Amersham
Pharmacia Inc., CA, USA) was pre-wet in 100% methanol for 2 min,
and then soaked in Tris-buffered saline (TBS) (50 mM Tris-HCl
and 150 mM NaCl; pH 7.5) for rehydration. 50 µl of plasma were
added to each well, and incubated for 45 min. After washing with
TTBS (TBS containing Tween 20), 200 µl of blocking buffer (TTBS
with 7% FBS) were added for 60 min. Goat anti-human COX-2
(diluted 1:1000; Abcam, MA, USA) and rabbit anti-goat polyclonal
antibody- horseradish-peroxidase conjugated (diluted 1:1000;
Sigma) were used. After 60 min incubation, the membrane was
washed with TBS then soaked in 3,3’ Diaminobenzidine (DAB)
solution (5 mg DAB + 10 ml TTBS + 30% H2O2) (Biobasic). After
color development, the membrane was soaked in distilled water,
dried for imaging and analyzed by BioDocAnalyze (BDA) soft
ware (Biometra®).

Statistical analysis

All of the statistical analysis was performed using the
Statistical Package for Social Science (SPSS) version 10. Data
are presented as means with corresponding standard error.
Comparisons among different groups of patients were performed
by one-way analysis of variance (ANOVA). Tukey’s post-hoc
test and Dunnett’s test for multiple comparisons were used.
Correlation between variables was determined using Spearman’s
correlation test. In all of the tests the level of significance was set
at P < 0.05. For those variables that were significantly influencing
serum CD36 levels (P < 0.05), a standard linear multiple
regression analysis with CD36 levels as the dependent variable
was performed. For the regression model, adjusted R2, β, b-value
and standard error b were recorded.

Results

Soluble CD36, PMNCs CD36, and Expression of CD36
mRNA in PMNCs in CAD patients versus control
subjects
sCD36 level in plasma and cCD36 expression (cCD36 and
CD36 mRNA) of CAD patients classified according to risk factors
is presented in Figures 1 & 2. sCD36 level and cCD36 expression
were significantly reduced in all groups of CAD patients suffered
from risk factors [DM (P < 0.05, P < 0.001), HT(P < 0.001, P < 0.05),
HC (P < 0.001, P < 0.01), DM+HT (P < 0.001, P < 0.001), DM+HC
(P < 0.05, P < 0.01), HT+HC (P < 0.01, P < 0.001) and DM+HT+HC
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Figure 1: Plasma (black bars) and PMNCs surface (grey bars) levels of CD36 in CAD patients classified according to risk factors (a), smoking status
(b), and number of stenoic arteries (c). Results are expressed as mean ± standard error. *Denotes groups significantly different from controls. *P <
0.05, **P < 0.01, ***P < 0.001.
DM: Diabetes Mellitus; HT: Hypertension; HC: Hypercholesterolemia; SV: Single Vessel Stenosis; DV: Double Vessel Stenosis; MV: Multi-Vessel Stenosis

(P < 0.001, P < 0.001)], as shown in figure 1a, where’s a reduced
cCD36 mRNA expression was noticed in hypertensive groups of
CAD patients [HT (P < 0.05), DM+HT (P < 0.01) and DM+HT+HC
(P < 0.01)] in comparison to the healthy control (Figure 2c).
When considering smoking status groups, a significant reduction
in sCD36 level (P < 0.05 and P < 0.001) and cCD36 expression
(P < 0.01) were demonstrated in all groups of different smoking
degrees in relation to normal subjects (figure1b). cCD36 mRNA
expression was significantly reduced (P < 0.01) only in severe
smokers versus control subjects (figure 2b). The analysis
according to the number of stenotic arteries indicated that SV,
DV and MV groups had a significant reduction in sCD36 level (P
< 0.001, P < 0.01, P < 0.001 for SV, DV and MV; respectively) and
cCD36 expression (P < 0.001) versus control subjects (figure 1c).
A significant reduction in mRNA expression of cCD36 was found

in SV (P < 0.05), DV (P < 0.01) and MV (P < 0.01) when compared
to the healthy controls (Figure 2d).

Evaluation of plasma VEGF plasma PDGF

Compared with normal controls, a significant reduction
in VEGF was observed in CAD patients who suffered from
hypercholesterolemia [HC (P < 0.05)] and hypertensive groups
[DM+HT (P < 0.001); HT+HC (P < 0.01) and DM+HT+HC (P <
0.001)], as shown in figure 3a. It was noticed that there was a
significant decrease in plasma PDGF concentration in diabetic (P
< 0.001), hypercholesterolemic patient (P < 0.01) and the patients
suffered from combined DM+HT, HT+HC and DM+HC (P < 0.001)
as shown in figure 3a.
Our findings revealed that there was a significant reduction in
plasma VEGF in mild, moderate (P < 0.05) and severe smokers (P
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Figure 2: CD36 mRNA expression quantified by RT-PCR. (a) 2% agarose gel for the amplified fragment (250 bp) Lane 1: DNA ladder (50 bp); lane
(2-4): CD36 of CAD patients; lane (5-7): CD36 of healthy subjects. CD36 mRNA in CAD patients classified according to according to risk factors (b),
smoking status (c), and number of stenoic arteries (d). Results are expressed as mean ± standard error. *Denotes groups significantly different from
controls *P < 0.05, **P < 0.01.
DM: Diabetes Mellitus; HT: Hypertension; HC: Hypercholesterolemia; SV: Single Vessel Stenosis; DV: Double Vessel Stenosis; MV: Multi-Vessel Stenosis.

< 0.01) compared to the healthy controls (figure 3b). Additionally,
a significant reduction (P < 0.001) was recorded in plasma PDGF
in mild, moderate, and severe smokers (figure 3b). Concerning
stenosis, diminution in plasma VEGF and PDGF levels was also
demonstrated in CAD patients with SV, DV and MV stenosis
compared to the healthy controls (P < 0.001) (figure 3c and 3c).

Evaluation of plasma TNF- α and COX-2

In comparison to the healthy controls, patients had a
significant increase in plasma TNF-α secretion level in DM (P
< 0.05) and HT (P < 0.001). CAD patients who suffered from
HC had insignificant reduction in TNF-α level. In groups of
combined risk factors, DM+HT, DM+HC, and HT+HC groups have
a significant increase (P < 0.01) in TNF-α level. A significant (P
< 0.001) elevation in plasma TNF-α level was demonstrated in
DM+HT+HC group (figure 4a). Degrees of smoking frequency
showed a significant increase in plasma TNF-α in mild (P < 0.001),

moderate and severe smoking (P < 0.01) as compared to the
healthy controls. However, compared with mild smoking status,
a significant reduction in TNF-α was observed in moderate (P
< 0.05) and severe (P < 0.05) smokers (figure 4b). According to
number of stenotic arteries, plasma TNF-α showed a significant
increase in SV (P < 0.001), DV (P < 0.05) and MV (P < 0.001)
stenosis groups, as compared to the healthy controls (figure 4c).
The maximum production was observed in MV patients. There
was a non-significant change (P > 0.05) in plasma COX-2 levels in
CAD patients classified according to risk factors, smoking status
or stenosis, as compared to the healthy controls.

Statistical correlations

CAD progression in Egyptian patients showed statistically
significant direct correlation with plasma levels of TNF-α (r =
0.480, P < 0.001) and indirect significant correlation with VEGF (r
= -0.499, P < 0.001), sCD36 (r = -0.413, P < 0.001), cCD36 (r = -0.466,
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Figure 3: Plasma VEGF (white columns) and PDGF (black lines) in CAD patients classified according to risk factors (a), smoking status (b), and number of stenoic arteries (c). Results are expressed as mean ± standard error. *Denotes groups significantly different from controls *P < 0.05, **P < 0.01,
***P < 0.001.
DM: Diabetes Mellitus; HT: Hypertension; HC: Hypercholesterolemia; SV: Single Vessel Stenosis; DV: Double Vessel Stenosis; MV: Multi-Vessel Stenosis

P < 0.001) and cCD36 mRNA (r = -0.328, P < =0.01). Statistically
significant negative correlation was observed between TNF-α
and VEGF production in plasma (r = -0.323, P < 0.01). sCD36
showed a significant positive correlation with cCD36 (r=0.234, P
< 0.05), and both of them showed a direct correlation with plasma
VEGF (r = 0.446, P < 0.001 and r = 0.321, P < 0.01; respectively),
PDGF (r = 0.287, P < 0.05 and r = 0.401, P < 0.001; respectively)
and a negative correlation with plasma TNF-α (r = -0.352, P < 0.01
and r = -0.380, P < 0.001; respectively).

Finally, using multiple linear regression, disease association
remained significant (β = -0.239, P < 0.05) between serum levels
of sCD36, taken as the dependent variable (R2 = 0.082), for the
presence of down regulated TNF-α. On the other hand, other
independent variables (VEGF, PDGF) were not significant in the
multivariate analysis.

Discussion

Atherosclerotic CAD progression, whether clinically silent or
associated with acute coronary events, has been shown to be a
powerful predictor of cardiovascular risk [17]. It is now widely
accepted that atherosclerosis is a chronic inflammatory disease
[18] and that CD36 as a scavenger receptor for oxidized LDL
played an important role in the pathogenesis of atherosclerosis
[19]. This study focused on the role of CD36 in the development
of atherosclerotic CAD in Egyptian patients and the influence
of various risk factors on CD36, with particular attention to its
association with inflammatory and angiogenic mediators.
The findings showed that Egyptian CAD patients had
reduced serum sCD36 levels compared to healthy controls.
This observation indicated that sCD36 levels might be affected
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Figure 4: Plasma TNF-α in CAD patients classified according to risk factors (a), smoking status (b), and number of stenoic arteries (c). Results are
expressed as mean ± standard error. (*)Denotes groups significantly different from controls. *P < 0.05, **P < 0.01, ***P < 0.001.
DM: Diabetes Mellitus; HT: Hypertension; HC: Hypercholesterolemia; SV: Single Vessel Stenosis; DV: Double Vessel Stenosis; MV: Multi-Vessel Stenosis

by the degree of smoking status in CAD patients and indicated
that a reduction in plasma level of sCD36 could be considered
as a potential marker and a strong predictor of CAD. These data
are in agreement with previously reported data that suggested
that sCD36 may be derived from a proteolytic cleavage of the
extracellular part of CD36 protein from CD36- expressing tissues
or from micro particles of activated or apoptotic monocytes/
macrophages [20]. A previous explanatory studies provided that
soluble form of CD36 could serve as a biomarker that is associated
with altered PBMCs CD36 expression, thus, the levels of sCD36
seem to be parallel CD36 expression on intact monocytes. Based
on this study, the down regulated CD36 in our patients’ plasma
might be used as an indicator to a PBMCs CD36 down regulation.
This hypothesis is confirmed through the detection of CD36
either in PBMCs surface and mRNA expression. A comparable
remarkable result was observed, where a significant reduction

in cCD36 expression was documented in our work in all types of
risk factors.

Our data confirmed the previously reported studies [21-22];
that revealed the association of CD36 deficiency with HC, DM
and arterial HT, and agreed with [23] who reported a severe
atherosclerosis in subjects whom naturally deficient in CD36,
which suggests that CD36 has an anti-atherogenic role. Elevation
in LDL-Cholesterol was previously documented [24], modified
LDL, and triglycerides [25] levels in CD36 deficient patients,
which were considered as risk factors for CAD.
Furthermore, patients with severe stenosis (DV and MV)
showed a marked reduction in CD36 mRNA than those with SV.
These data suggest that CD36 mRNA expression is associated
with the severity of CAD. However, the molecular mechanism by
which the reduction of CD36 RNA expression occurs in PMMCs
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is still unclear. One possible explanation is that the decrease in
CD36 mRNA might be linked to a mutation in CD36 gene that
affects transcriptional efficiency in macrophages. A significant
indirect correlation between CAD and CD36 profile (sCD36,
cCD36 and CD36 mRNA) was found. Thus CD36 may turn out to
be a good expression marker for the severity of atherosclerosis in
Egyptian CAD patients.

CD36 not only implicated in atherosclerosis, but also has
an angiostatic function, as demonstrated by the inability of
thrombospondin-1 (TSP-1) to inhibit angiogenesis in CD36
null mice [26]. In atherosclerosis, the role of angiogenesis
remains a highly contentious issue. No consensus exists whether
angiogenesis is a key causative factor in the pathogenesis of
atherosclerotic plaque formation or it is a way to treat coronary
artery disease [27]. For further investigation of this issue, we
extended our work to study the exact relationship between CAD
and both of CD36 and angiogenic mediators in CAD patients.
Growth factors, such as VEGF and PDGF play an important role
in angiogenesis. Dysfunction of endothelial cells may promote
abnormal vascular growth, such as that in atherosclerosis and
arteriosclerosis [28]. In the current study, we demonstrated
that plasma VEGF was reduced markedly in all HC CAD groups.
In addition, decreased plasma VEGF level was also found in DM
CAD patients. These findings are consistence with previous work
that reported a reduction in VEGF in diabetic rats, that followed
by ischemic cardiovascular disease [29]. Our results strengthen
previous reports that document the reduction in VEGF in diabetic
rats, that followed by ischemic cardiovascular disease [30]. In
agreement with the presented results, it was demonstrated
that the reduction of VEGF levels lead to elevation of peripheral
resistance and HT [31].
When considering smoking status, a marked reduction of VEGF
and PDGF levels were observed in all groups. These results are in
agreement with previous studies that reported a reduced level
of VEGF as a result of cigarette smoking [31-32]. The observed
reduction of VEGF among smokers of CAD patients might be
related to the fact that cigarette smoke disrupts components of
the VEGF165-VEGFR-2 tertiary signaling complex by decreasing
neuropilin-1 (NRP-1) expression together with reducing
expression of VEGFR-2 and VEGF [33]. Whereas, the current data
demonstrated a significant decrease of VEGF and PDGF levels
in plasma of CAD patients with SV, DVs, and MVs. A significant
indirect correlation between CAD and angiogenic factors (VEGF
and PDGF) is best expressed by the Pearson correlation coefficient
analysis indicated that the VEGF has a prognostic importance in
atherosclerotic CAD in Egyptian patients. Decreased VEGF and
PDGF levels in CAD patients may be contributed to the reduction
of CD36 expression. This explanation is supported by a direct
correlation between CD36 and angiogenic mediators observed in
our study. This is consistent with Howell, et al. [34] who reported
a diminished expression VEGF in CD36 deficient mice.
Inflammatory mediators can; either directly or indirectly,
promote angiogenesis, which in turn contributes to inflammatory
pathology. New blood vessels can maintain the chronic
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inflammatory state by transporting inflammatory cells to the
site of inflammation and supplying nutrients and oxygen to the
proliferating inflamed tissue. The increased endothelial surface
area also creates an enormous capacity for the production of
cytokines, adhesion molecules, and other inflammatory stimuli.
Generally speaking, pro-inflammatory mediators promote
angiogenesis and the proangiogenic effects mediated by IL-1
and TNF-α support such hypothesis [35]. The consequences of
inflammation in atherosclerosis are difficult to predict. Although
it may be beneficial at early stage, with prosperities reversing
atherogenesis, it may be detrimental to the individual with more
aggressive disease progression and plaque rupture at later stage.

Mediators of inflammation such as TNF-α have been
associated with an increased risk for cardiovascular events in
several clinical studies [36]. TNF-α is a central pro-inflammatory
cytokine involved in the propagation of atherosclerosis.
TNF-α is secreted in the vascular wall by endothelial smooth
muscle cells and monocytes/ macrophages and it is a powerful
inducer of local inflammation [37]. It promotes the expression
of leukocyte adhesion molecules [38] and increases the uptake
of macrophages in atherosclerotic lesions [39] thus directly
promoting atherosclerosis.
The current study showed a significant elevation in TNF-α
level in DM, HT and multi-risk factors CAD patients. In addition,
a marked elevation in TNF-α, plasma levels were reported in
mild, moderate, and severe smokers, while the elevation is more
significant in severe smokers than other groups. These results
are in agreement with an earlier report that recorded elevated
TNF-α in congestive heart failure that was associated with
atherosclerotic risk factors, including smoking, hyperglycemia,
HT, LDL cholesterol [40].
Inflammation plays a pivotal role in the development of
metabolic syndrome features, including dyslipidemia and
altered glucose tolerance. These metabolic changes constitute
the substrate for the subsequent development of atherosclerotic
plaque [41]. Chronic inflammatory conditions have been shown
to be associated with pro-atherogenic lipid pattern and altered
glucose tolerance. TNF-α has been demonstrated to directly
interfere with metabolic pathways of triacylglyceride and
cholesterol [42].

In addition to the modifications that occur in lipids metabolism,
TNF-α may interfere with glucose metabolism pathways [43],
where it is likely to increase hepatic glucose production and
decreases glucose uptake and catabolism in the muscle. While,
in adipocytes, TNF-α down regulate the expression of several
proteins implicated in the insulin receptor pathway [44]. The
lipid and glucose changes induced by TNF-α are pro-atherogenic
in terms of both quality and quantity. Therefore, the persistence
of these modified lipids in the circulation will promote the
development of atherosclerotic lesions [41]. These data strongly
support the hypothesis that the inflammatory cytokines (such as
TNF-α) are surrogate biomarker of grade inflammation burden
present in patients with atherosclerotic CAD who suffered from
DM or HT or both of them [45]. According to the number of
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stenotic coronary vessels, we reported an elevation in plasma
TNF-α in SV, DVs, and MVs CAD patients, where TNF-α is more
significantly elevated in MVs group than others. These data are
supported by statistical analysis that showed a direct correlation
between CAD and TNF-α level, which indicates the pivotal role
played by TNF-α in atherosclerosis. In accordance with our
data, it was previously found that the elevated plasma TNF-α
concentration is associated with severity of atherosclerosis [46].

With regard to angiogenesis, our study showed an indirect
correlation between TNF-α with VEGF and PDGF. Consistent with
our data, it was reported that TNF-α directly inhibits VEGF cellular
effects and that TNF-mediated inhibition of angiogenesis results
from down regulation of receptors for proangiogenic factors and
activation of angiogenesis inhibitors [47]. Furthermore, CD36
showed indirect correlation with TNF-α in CAD patients, which
agreed with Boyer, et al. [48], who reported that TNF-α inhibits
both CD36 membrane and mRNA expression and that this
inhibition of CD36 expression involves a reduction in Peroxisome
proliferator-activated receptor gamma (PPAR-γ) activation in
human monocytes.
In conclusion, we found significant reduction of sCD36 and
PBMCs CD36 surface protein and CD36 mRNA expression, for
the first time in Egyptian CAD patients. CD36 was correlated
with the severity of the disease. Our data approved that CD36
deficiency may turn out to be a good biomarker and strong
predictor for the severity of atherosclerosis in Egyptian CAD
patients. Furthermore, the marked elevation of inflammatory
cytokine TNF-α support the hypothesis that TNF-α could be used
as a surrogate marker of grade inflammation present in patients
with atherosclerosis and a pivotal role of TNF-α in elevation
of atherosclerosis. On the other hand, the marked reduction in
proangiogenic mediators (VEGF & PDGF) and the strong indirect
correlation between VEGF and CAD indicating that VEGF has a
prognostic importance in atherosclerosis in CAD patients.

Taken together CD36 deficiency might represent a new
risk factor for the development of CAD in association with
inflammatory and angiogenic mediators. Therefore, targeting
the underlying mechanism of the direct and inverse association
of CD36 with angiogenic mediators (VEGF & PDGF) and
inflammatory cytokine (TNF-α) in Egyptian CAD patients could
be a strategy in the treatment of athero-inflammatory disorders
and deserves exploration in future prospective study. Our
assessment of this evidence leads us to conclude that, there is
a need for early-stage prediction of those populations that have
the risk of developing atherosclerotic CAD. This need could be
met by analysis of CD36 genetic polymorphisms related to CD36
deficiency. Thus, our future prospective study will be directed
towards studying the association between change in CD36
genotype and the incidence of CAD in a large, prospective cohort
of Egyptian patients.
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