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Abstract

Together with complex genetic and environmental factors,

increased serum cholesterol and ox-LDL levels are considered

as major triggering factors of atherosclerosis. Mononuclear

cell infiltration to the arterial wall and uptake of ox-LDL, which

is facilitated by CD36 receptor through an uncontrolled man-

ner, play a key role in foam cell formation followed by athero-

genesis development. The aim of this study was to analyze if

CD36 expression in peripheral blood mononuclear cells reflect

its aortic tissue level in hypercholesterolemia. In this study,

CD36 protein expression was evaluated in aortic specimens of

cholesterol or cholesterol plus Vitamin E treated animals in

relation to the immunohistochemical analyses for the HNE-

protein adducts, as well as for smooth muscle actin and

vimentin. The CD36 mRNA expression was determined by RT-

PCR in PBMC of hypercholesterolemic rabbits and hypercho-

lesterolemic versus normocholesterolemic individuals.

Immunohistochemistry findings revealed that smooth muscle

actin, smooth muscle vimentin, HNE-protein conjugates, and

CD36 protein expressions were significantly increased in aorta

of hypercholesterolemic group where foam cells were present.

High cholesterol diet significantly induced CD36 mRNA

expression in both rabbit aorta and PBMCs, while positive cor-

relation between aortic and PBMC CD36 expression has been

found. In addition, consistent with the rabbit model, CD36

mRNA expression levels in human PBMCs were significantly

higher in hypercholesterolemic patients than in normocholes-

terolemic individuals. Taken together, these results demon-

strate that the CD36 mRNA levels of PBMCs could reflect the

CD36 mRNA levels in aorta and could be used as a biomarker

for diagnosis of atherosclerotic burden. VC 2017 BioFactors,

00(00):000–000, 2017
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1. Introduction
Atherosclerosis is a chronic, inflammatory, progressive vascu-
lar disorder and one of the major causes of morbidity and
mortality around the world. It is characterized by the accumu-
lation of modified plasma lipoproteins in the arterial wall.
Moreover, during atherosclerotic process phagocytic mono-
cytes migrate into the subendothelial space and differentiate
into macrophages. Atherogenic lipoproteins like oxidized low
density lipoprotein (ox-LDL) is readily taken up by macro-
phages via receptor-mediated endocytosis and transform them
to the foam cells. These foam cells also known as fatty streaks
and accepted as the first visible lesions at the early stage of

Abbreviations: AGE, advanced glycation end products; CD36, cluster of
differentiation 36; HNE, 4-hydroxynonenal; ox-LDL, oxidized low density
lipoprotein; PBMC, peripheral blood mononuclear cell; SMA, smooth mus-
cle actin; SR, scavenger receptors.
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atherosclerosis pathology [1,2]. Endothelial dysfunction is
another important stage of atherosclerosis due to its role dur-
ing the involvement of inflammatory mechanisms which
results to chronic inflammation [3].

Cellular uptake of the atherogenic lipids and lipoproteins
is mediated by several receptors. Among the others, scavenger
receptors (SRs) are widely expressed by macrophages and
foam cells in atherosclerotic lesions [2,4]. Particularly, cluster
of differentiation 36 (CD36), the 88 kDa poly-glycosylated cell
surface receptor, has an important role in atherosclerotic pro-
cess beside the other scavenger receptors. CD36 receptor is
localized in various cell types such as monocytes/macrophages,
adipocytes, endothelial, and smooth muscle cells [5]. However,
ox-LDL, apoptotic cells and advanced glycation end products
(AGEs) are the most noticeable ones for atherosclerosis devel-
opment with whom CD36 interacts [6]. Furthermore, CD36
and ox-LDL binding leads to the activation of several signaling
pathways including protein kinases that are involve in the ath-
erosclerosis development [7–9].

However, several studies have proved that oxidative stress is
the underlying mechanism of many chronic, progressive patholo-
gies including atherosclerosis [10,11]. Damaging of proteins, car-
bohydrates and nucleic acids, together with lipids and oxidation
of LDL, under oxidative stress conditions are well-known early
events in atherosclerotic lesion formation. Ox-LDL causes athero-
sclerosis by the induction of several parameters including smooth
muscle cell proliferation, foam cell formation, chemotaxis of leu-
kocytes, and secretion of inflammatory mediators. Ox-LDL read-
ily uptake by macrophage SRs compared with non-oxidized LDL
[4,11]. In addition, redox-mediated signaling mechanisms play
crucial roles in the pathogenesis of cardiovascular diseases. Sev-
eral studies have shown that lipid raft-mediated NADPH oxidase
activity, followed by redox signaling plays a significant role in the
regulation of atherosclerosis [12,13].

Vitamin E is an essential, fat soluble micronutrient that
has very important roles in a broad range of cell signaling
mechanisms and in particular regulates gene expressions
[14,15]. RRR-a-tocopherol, the most active form of Vitamin E,
is considered to be protective against atherosclerotic lesion
formation [16–22].

In this study, we have investigated CD36 mRNA expression
levels in aortic tissue and peripheral blood mononuclear cells
(PBMCs) of hypercholesterolemic rabbits and also checked if there
is any correlation between those two sources. We have also eval-
uated the role of vitamin E on aortic tissue and PBMCs CD36
expression in our model. To understand PBMC CD36 mRNA
expression levels could be used as a biomarker for the detection of
atherosclerosis and effectivity of drug therapies, we also confirmed
CD36 mRNA expressions in PBMCs of hypercholesterolemic and
normocholesterolemic human subjects. Both aorta and PBMC
CD36 mRNA levels increased in hypercholesterolemia-induced
atherosclerosis in the rabbits. Consistent with these findings CD36
mRNA expression levels in human PBMCs were found significantly
increased in hypercholesterolemic individuals compared with nor-
mocholesterolemic individuals. Taken together, our results

demonstrate that the CD36 expression in PMBCs reflects aortic tis-
sue CD36 expression, which is associated with foam cell formation
and could therefore be used as a biomarker in diagnosis of
atherosclerosis.

2. Materials and Methods
2.1. Animals and diet procedure
Animal procedures were approved by the Marmara University,
Faculty of Medicine, Animal Care and Use Committee, Istanbul
(protocol number 062008). Twenty-one male New Zealand
white rabbits (2–3 months old) were assigned randomly to
three groups. All groups were fed with vitamin E poor regular
rabbit diet as 100 g/day. Cholesterol was dissolved in diethyl
ether, added to the diet and evaporated before the feeding to
prevent regulatory effects of diethyl ether.

Control group was only fed with vitamin E poor diet. Cho-
lesterol group was fed with vitamin E poor diet containing 2%
cholesterol and cholesterol 1 vitamin E group was fed with
vitamin E poor diet containing 2% cholesterol and received
intramuscular vitamin E (50 mg/kg) injections once daily into
the rear legs. The concentrations vitamin E were based on
previous literature reports [22,23].

After 4 weeks, following overnight fasting, rabbits were
sacrificed under anesthesia (50 mg/kg ketamine hydrochloride
and 5 mg/kg xylazine hydrochloride were used). Total blood
and serum samples were collected for PBMC isolation, serum
cholesterol, and vitamin E measurements. Thoracic aorta tis-
sues were kept in formalin for microscopy and in RNA later
stabilization buffer for PCR analysis.

2.2. Measurement of cholesterol
and vitamin E in serum samples
Serum cholesterol levels were determined by auto-analyzer Hita-
chi Modular system P800 (Roche, Switzerland). Vitamin E, alpha-
tocopherol, levels were determined by using reversed-phase
high-performance liquid chromatography (HPLC) with UV diode-
array detector at 294 nm according to the modified method of
Nierenberg and Nann [24]. In brief, 200 ml serum sample 1 200 ml
ascorbate ethanol (1 g/L) 1 24 ll acetonitrile 1 1.5 ml hexane
mixed by vortex for 2 min. Hexane phase was collected to the
tube and evaporated at 368C under nitrogen gas. Precipitates
were dissolved in ethanol and applied to HPLC C18 column
(Waters Symmetry: 5 mm, 4.6 3 250 mm). MeOH:dH2O (95:5, v/v)
was used as mobile phase and flow rate was set 1.5 ml/min.

2.3. Isolation of PBMCs
PBMCs were isolated by Ficoll solution (1.077 g/ml, Biochrom,
Germany). Eight ml whole blood sample and 8 ml Ficoll solu-
tion were added in a canonical tube and then centrifuged at
1,580 rpm for 20 min at room temperature. The cloudy layer
(containing lymphocyte, monocyte, and thrombocyte) between
the plasma and Ficoll solution was separated with the help of
a pipette. After collection, cells were washed with phosphate
buffer saline and used directly.
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2.4. Light microscopy
For light microscopy examinations aorta tissue samples were
fixed in 10% buffered formaldehyde for 4 h, dehydrated and
incubated in xylol for 1 h twice, embedded in paraffin and sec-
tioned in 5 mm thickness. Then the aorta sections were stained
with hematoxylin eosin and examined under light microscopy
(Leica) at 2003 magnification.

2.5. Immunohistochemistry
For immunohistochemistry analysis, 2 lm thick slices of paraf-
fin blocks were used. The primary antibodies: CD36 (Life
Span, polyclonal, 1:100 dilution), SMA (Smooth Muscle Actin,
SCYTEK clone: asm-1, ready-to use), Vimentin (SCYTEK, clone:
V9, ready-to use) were used. A monoclonal antibody specific
for the HNE (4-hydroxy-2,3-nonenal)-histidine adducts was
obtained by courtesy of Georg Waeg (University of Graz, Aus-
tria) and was used according to the immunohistochemical pro-
tocol developed at Rudjer Boskovic Institute, Zagreb [25]. Ven-
tana Iview DAB detection kit was used as secondary antibody.
Staining was performed with fully automatized Ventana
Benchmark XT system. Immunohistochemical positivity was
determined by semi-quantitative method and samples were
categorized into three grades as: none (2), weak positive (1),
and strong positive (11) [26].

2.6. Detection of CD36 mRNA expression in aortic
tissue and PBMCs
Total RNAs were isolated with RNA Midi Kit (Qiagen, Nether-
lands) according to the manufacturer’s protocol [20] by using
250 mg of rabbit thoracic aorta. However, PBMCs were lysed
and total RNA was isolated using the RNA Blood Mini Kit (Qia-
gen). The amount and purity of isolated RNA were determined
via Smartspec (Bio-Rad, U.S.A) spectrophotometry. cDNAs
were synthesized with the help of commercially available
Transcriptor High Fidelity cDNA Synthesis kit (Roche, U.S.A)
using 100 ng total RNA. Semi-quantitative reverse transcrip-
tase PCR analysis was performed by using a thermal cycler
(Techne, U.S.A) and taq DNA polymerase mixture (Qiagen).
The sequences of sense and antisense primers for the amplifi-
cation of targeted cDNAs:

rabbit CD36 forward, 50-TTGGTGTGTTTTATCCTTAC-30;
rabbit CD36 reverse, 50-GGTTCCAGTCTCATTAAGCC-30;
rabbit GAPDH forward, 50-GCGCCTGGTCACCAGGGCTGCTT-30;
rabbit GAPDH reverse, 50-TGCCGAAGTGGTCGTGGATGACCT-30.

Following RT-PCR, the amplified products were separated
on 2.4% agarose gel and the intensity of the CD36 and GADPH
bands was calculated with UV imager program (Vilbert
Lourmart).

2.7. Human peripheral blood collection and
measurement of lipid profile
In this study, the participants were selected from Marmara
University, Faculty of Medicine, Research and Training Hospi-
tal and study protocol was approved by the Research Ethics
Committee of Marmara University Medical Faculty (Mar-YC-

2009–0233). According to their plasma cholesterol levels
participants were divided into two groups as normocholes-
terolemic (plasma cholesterol <200 mg/dl, n 5 10) and hyper-
cholesterolemic (plasma cholesterol >200 mg/dl, n 5 10).
Serum lipid profiles and fasting glucose were determined by
using auto-analyzer Hitachi Modular system P800 (Roche).

2.8. Human PBMCs isolation and CD36 mRNA
expression
PBMCs were isolated by Ficoll solution from 8 ml human
whole blood samples and then following analysis performed
respectively; total RNA isolation, cDNA synthesis, RT-PCR, aga-
rose gel electrophoresis, and UV image of bands.

The sequences of primers used in this work were as follows:

human CD36 forward, 50-AGATGCAGCCTCATTTCCAC-30;
human CD36 reverse, 50-GCCTTGGATGGAAGAACAAA-30;
human GAPDH forward, 50-GAGTCAACGGATTTGGTCGT-30;
human GAPDH reverse, 50- TTGATTTTGGAGGGATCTCG-30.

2.9. Statistical analysis
Statistical analysis was performed using Prism 4 (Graph-Pad)
software. Differences between groups were assessed by Bon-
ferroni’s post hoc test following one-way analysis of variance
(ANOVA). P values of less than 0.05, 0.01, and 0.001 were
selected as the level of significance.

3. Results
3.1. Serum cholesterol and vitamin E levels
Supplementation of 2% cholesterol for 4 weeks resulted in
approximately 30-fold increase in serum cholesterol levels of
cholesterol and cholesterol 1 vitamin E groups compared with
control (P<0.01) (Fig. 1A). Intramuscular vitamin E supple-
mentation increased serum vitamin E levels in the cholester-
ol 1 vitamin E group compared with control and cholesterol
groups (P<0.01). Moreover, cholesterol (compared with con-
trol) group showed approximately fivefold increase in serum
vitamin E levels (Fig. 1B), which is due to the fat solubility of
vitamin E and besides that vitamin E, is carried in the blood
circulation, associated with the LDL.

3.2. Effect of high cholesterol diet and vitamin E
supplementation on atherosclerotic foam cell
formation in rabbits
Rabbit thoracic aorta was analyzed by light microscopy to con-
firm atherosclerotic foam cell formation (Fig. 1C). Endothelial
cell integrity was not disrupted and all layers were intact in
control group. However, cholesterol group showed impaired
thickening of the intima layer and development of atheroscler-
otic lesions. Moreover, increased foam cell formation was
observed in the cytoplasm of the intimal cells between smooth
muscle cells. On the contrary, the vascular intimal thickening,
which is associated with excessive SMC migration and proli-
feration, was not significantly changed in the cholester-
ol 1 vitamin E group compared with the cholesterol group. In
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addition, foam cells were minimized in the intima and media
layers and also the elastic fibers of media layer were intact.

3.3. High cholesterol diet induces smooth muscle cell
actin and vimentin protein expression together with
occurrence of HNE-protein conjugates in aortic tissue
To characterize atherosclerosis we have evaluated the aortic
tissue protein expressions of smooth muscle cell actin (SMA)
and smooth muscle cell vimentin via immunohistochemistry
(Figs.F2 2A and 2B). According to the semi-quantification proce-
dure, both SMA and vimentin proteins have showed no stain-
ing (none 2) in control group aorta tissues. However, aorta tis-
sues from 2% cholesterol fed group showed high level staining
(strong 11) where foam cells are present while cholester-
ol 1 vitamin E group aorta tissues showed low level staining
(weak 1) for both SMA and vimentin.

In addition, to detect the effect of hypercholesterolemia
and vitamin E supplementation on oxidative stress and lipid

peroxidation, we examined occurrence of HNE-protein conju-
gates by immunohistochemistry in aortic tissue, especially
where foam cells are present (Fig. 2C). While control aorta
samples did not show any HNE-immunopositivity (none 2),
cholesterol group aorta showed high level of HNE staining
(strong 11), which was lower in cholesterol 1 vitamin E group
aorta specimens (weak 1).

3.4. Evaluation of CD36 mRNA and protein expression
in rabbit aortic tissue
CD36 mRNA expression and CD36 protein levels were eval-
uated by RT-PCR and immunohistochemistry, respectively. As
shown in Figs. 3A and 3B, both CD36 mRNA (P<0.001) and
CD36 protein levels staining (strong 11) were increased sig-
nificantly in the cholesterol group. However, vitamin E supple-
mentation decreased both CD36 mRNA and CD36 protein
expressions nearly to control group levels compared with the
cholesterol group.

Effects of 2% cholesterol diet and vitamin E supplementation on serum cholesterol and vitamin E levels of rabbits. (A) Choles-

terol levels were measured using an automated enzymatic spectrophotometric technique by Hitachi Modular system P800

(Roche). (B) Serum vitamin E levels were measured by HPLC method with UV diode-array detector. Data are expressed as

means 6 SD; n 5 7; *†P <0.001 cholesterol and cholesterol1vitamin E versus control group, #P <0.01 versus cholesterol group;

ANOVA, Bonferroni’s Multiple Comparison test. (C) Light microscopy analysis of aorta tissues. Sections were stained with

hematoxylin-eosin before microscopic examination. Photographs taken at 2003 magnification. Formation of foam cells (*) in

cholesterol and cholesterol 1 vitamin E groups are seen. L, lumen; I, intima; M, media.
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FIG 1
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3.5. Evaluation of CD36 mRNA expression
in rabbit PBMCs
To understand if PBMC CD36 mRNA expression reflects aortic
tissue levels as an indicator of atherosclerotic lesion burden
PBMC are collected. Rabbit PBMCs from cholesterol group,
showed significantly increased CD36 mRNA expression
(P<0.001) compared with control group. However, vitamin E
treatment significantly reduced CD36 mRNA expression com-
pared with the cholesterol group (Fig. 3C).

To understand if PBMC results could represent aortic
CD36 expression we have drawn the correlation. As a result,

we found a strong correlation (r 5 0.82, P<0.001) between
thoracic aorta and PBMC CD36 mRNA expression levels of all
groups (control, cholesterol, and cholesterol 1 vitamin E) (Fig.
3D).

3.6. Hypercholesterolemia-related changes in human
PBMCs CD36 mRNA expression
We have evaluated CD36 mRNA expression in human PBMC
samples by RT-PCR to confirm our animal model results and
also to extrapolate in vivo data to the human metabolism.
According to the serum cholesterol levels participants are

Smooth muscle actin, vimentin and HNE expressions of aorta tissue. Representative images from immunohistochemical stain-

ing of SMA (A) and vimentin (B) and HNE (C) in aortic tissue, respectively, control, cholesterol, and cholesterol 1 vitamin E

groups. Pictures were taken with 4003 magnification. Semi-quantification is described in Section . SMA and vimentin positive

cells are found in the intima in atherosclerotic plaques where foam cells are present. L, lumen; I, intima.
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FIG 2
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divided into two groups as normocholesterolemic and hyper-
cholesterolemic. Total cholesterol and LDL cholesterol levels
were significantly higher (Fig.F4 4A) in hypercholesterolemic
subjects than in normocholesterolemic subjects. CD36 mRNA
expressions of PBMCs were found 37% higher (P<0.05) in
hypercholesterolemic individuals than in the normocholestero-
lemic individuals (Fig. 4B). The result of hypercholesterolemic
human individuals supported the data from rabbit model.

4. Discussion
Atherosclerosis is a chronic inflammatory disease with a com-
plex etiology. Many genetic and environmental factors, high
serum cholesterol and LDL levels, hypertension and diabetes,
may induce the progress of the disease [27,28]. Recent epidemi-
ological studies have shown positive correlation between serum
total cholesterol levels and death rate in cardiovascular dis-
eases. Elevated serum cholesterol levels, even in the absence of

other known risk factors, are known to be sufficient for the
development of atherosclerosis [29]. However, high cholesterol
containing diet may cause metabolic changes including endo-
thelial damage, smooth muscle cell proliferation together with
cellular enzymatic activities such as src family tyrosine kinases
and MAP kinases [1,6]. Our group demonstrated that high cho-
lesterol diet increased CD36 scavenger receptor expression in
rabbit aortic tissue, which was together with the development
of atherosclerosis and foam cell formation [20]. Both epidemio-
logical and experimental studies have revealed the protective
effect of vitamin E against atherosclerosis and coronary heart
diseases [19–21,30–33] and, it has been pointed out that vitamin
E shows its beneficial effect by regulation of cellular signal
transduction pathways and several gene expression levels
[15,17,19]. In this study, we aimed to determine CD36 mRNA
expression and protein levels in aorta and its mRNA expression
in PBMCs to evaluate if PBMC CD36 level can be used as a bio-
marker for the detection of atherosclerosis progression.

CD36 expression in rabbit aorta and PBMC and its correlation. CD36 mRNA expression in aorta tissue and PBMC of each ani-

mal was analyzed by two-step RT-PCR, normalized with housekeeping gene GAPDH. Detection of CD36 protein amount in aorta

tissues by immunohistochemistry. (A) CD36 mRNA expression in aorta tissues. Data are expressed means 6 SD; n 5 6; *P

<0.001 versus control group, #P <0.001 versus cholesterol group. (B) Representative images from immunohistochemical stain-

ing of CD36 in aortic tissue, respectively, control, cholesterol, and cholesterol 1 vitamin E groups. Pictures were taken with

4003 magnification. Semi-quantification method was used for calculations. CD36 positive cells stained reddish brown color

detected in the intima in atherosclerotic plaques where foam cells are present. L, lumen; I, intima. (C) CD36 mRNA expression

in PBMC. Data are expressed means 6 SD; n 5 6; *P<0.01 versus control group, #P<0.05 versus cholesterol group. (D) Aorta

and PBMC CD36 mRNA expressions were correlated in control, cholesterol, and cholesterol 1 vitamin E groups. Lineer (Pear-

son) correlation test, r 5 0.82, P<0.001.
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FIG 3
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To confirm development of atherosclerosis in our rabbit
model, we first evaluated blood cholesterol and vitamin E levels
and atherosclerotic lesion formation. According to the results,
high cholesterol diet feeding for 4 weeks resulted in approxi-
mately 30-fold increase in serum cholesterol levels (Fig. 1A). In
addition, intramuscular vitamin E supplementation increased
serum vitamin E levels approximately eightfold in the cholester-
ol 1 vitamin E group. Although vitamin E levels measured
approximately fivefold of controls in cholesterol group, (Fig. 1B)
it is consistent with our previous studies [20,22] due to increased
cholesterol fraction and fat soluble vitamin E carried by LDL
cholesterol in the circulation. We have observed
hypercholesterolemia-induced atherosclerotic lesion progres-
sion by light microscopy (Fig. 1C) which is confirmed the disrup-
tion of endothelial layer, marked thickening of the intima, lipid
accumulation and formation of foam cells in intima. These
changes were minimal in cholesterol 1 vitamin E group. This
data confirmed that hypercholesterolemia induces the develop-
ment of atherosclerotic lesions and vitamin E supplementation
has protective effects against lesion development in consist with
our previous findings [20,21]. In addition, hypercholesterolemia
increased SMA and vimentin protein expressions, which are
indicators of smooth muscle cell proliferation and atheroscler-
otic lesions progression in the intima (Figs. 2A and 2B). Vitamin
E supplementation decreased these protein expressions com-
pare with cholesterol group, which is showing development of
atherosclerosis was down regulated. Our CD36 immunohisto-
chemistry analysis showed that CD36 level increased where
foam cells are present.

Lipid peroxidation and LDL oxidation induced by oxidative
stress are the early events in atherosclerotic lesion formation.

There is now a consensus that atherosclerosis represents pro-
tein oxidation process in the vascular wall besides lipid oxida-
tion. Mostly macrophages are thought to be the source of oxi-
dative stress in vessel wall and also other cells including
endothelial, smooth muscle and adventitial cells, may contrib-
ute in the vessel wall [10,11,13,28,34]. HNE is a highly
reactive aldehyde and thus it could easily bind to the proteins,
lipids, and other biomolecules. Since we used specific mono-
clonal antibody against HNE-histidine adducts, we were able
to demonstrate increased HNE-protein conjugates in athero-
sclerotic area where foam cells are present which could reflect
the LDL oxidation, whereas vitamin E supplementation
decreased occurrence of HNE-protein conjugates (Fig. 2C).
These findings indicate the modulation of lipid peroxidation in
aortic tissue, which is also in agreement with the finding of
unstable HNE-protein adducts (not fixed to elastin) being gen-
erated in human atherosclerosis in positive correlation with
the age of patients [35]. Therefore, further mechanistic studies
are needed to reveal the association of HNE-protein adducts in
respect to pathophysiology of atherosclerosis, which should
stress further the role of inflammatory response, since HNE is
generated by inflammatory cells acting as atherogenic and
pro-inflammatory signaling molecule, too [36,37].

Various cell types including monocytes/macrophages, adi-
pocytes, endothelial, and smooth muscle cells express CD36
receptor, a member of B class scavenger receptor family. Pre-
vious studies have proved that CD36 is a major receptor for
the uptake of ox-LDL and long-chain fatty acids into the cell
during atherosclerotic process. Therefore, it has a crucial role
in the pathogenesis of atherosclerosis and foam cell formation
[5,6,38–42]. Febbraio et al. [43] have demonstrated that ox-

CD36 mRNA expression in human PBMC.(A) The lipid profile and glucose levels in participants were measured using an auto-

mated enzymatic spectrophotometric technique by Hitachi Modular system P800 (Roche). Data are expressed means 6 SD;

n 5 10; *P<0.001 versus normocholesterolemic group.(B) mRNA expression in human PBMC was analyzed by two-step RT-

PCR, normalized with housekeeping gene GAPDH. Data are expressed as means 6 SD; n 5 10, *P<0.05. versus normocholes-

terolemic group.

FIG 4
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LDL uptake of CD36 knockout mice derived macrophages were
dramatically decreased. Recent literature, which is already
reviewed by Di Pietro and colleagues have reported that ox-
LDL and its receptors, especially CD36 and Lectin-like ox-LDL
receptor-1 (LOX-1), as a major contributors during the athero-
sclerotic plaque formation [44].

In this study, both CD36 mRNA expressions and CD36 pro-
tein expressions were tested in aorta by RT-PCR and immuno-
histochemistry. Aortic tissue CD36 mRNA expressions were
4.5-fold higher in the cholesterol group compared the control
group (Fig. 3A). Also, CD36 protein expression levels were
found to be higher in cholesterol rabbits than in control (Fig.
3B). In the same manner, microscopic examination supported
CD36 data by confirming foam cell formation. In cholesterol 1

vitamin E group, CD36 mRNA expressions were significantly
suppressed to the control group levels. Besides, both CD36
protein expression and foam cell formation decreased by vita-
min E supplementation when compared with the cholesterol
group.

Monocytes/macrophages play key role in the atheroscler-
otic lesion formation. In early atherosclerosis, macrophages
differentiate into foam cells following increased cholesterol
accumulation. Mosig et al. [45] demonstrated a threefold
increase in ox-LDL levels in the serum of familial hypercholes-
terolemic patients and the linear correlation between ox-LDL
levels and monocyte CD36 expressions. Leonarduzzi et al. [46]
incubated human U937 promonocytic cells with oxysterol and
nonoxidized cholesterol and showed significantly higher CD36
mRNA expressions in the oxysterol treated group. In addition,
monocyte CD36 expressions were shown to be increased in
coronary heart disease diagnosed patients compared with
healthy subjects [47]. Recent studies identified a soluble form
of CD36 that could be measured in the plasma [48–51]. Hand-
berg et al. [50] reported that soluble CD36 levels were higher
in symptomatic atherosclerotic carotid stenosis patients. Also
they propose that CD36 may be accepted as a good biomarker
for the atherosclerotic plaque progress. In other case, Piechota
et al. [52] are observed significantly sixfold increase in both
CD36 and macrophage scavenger receptor 1 (MSR-1) mRNA
expressions in the circulating monocytes of acute coronary
syndrome patients, compared with healthy control, which is
significantly reduced following 6 months of atorvastatin
treatment.

In this study, we found an approximately sixfold increase
in PBMC CD36 mRNA expression in cholesterol group com-
pared with control, whereas vitamin E treatment significantly
reduced PBMC CD36 mRNA expressions compared with the
cholesterol group (Fig. 4C). These results suggest that CD36
mRNA levels of PBMCs may reflect the aorta CD36 mRNA lev-
els which is parallel to atherosclerotic changes in the aorta. In
the light of previous studies, we tested correlation of CD36
mRNA expressions in easily obtained PBMC and aorta to test
whether PBMC CD36 levels represent aortic CD36 levels and
excitingly we observed a significant correlation (r 5 0.82)
between these results (Fig. 3D).

In addition to the results of animal model, we have eval-
uated the CD36 mRNA expression in PBMCs collected from
normocholesterolemic and hypercholesterolemic individuals
(Fig. 4A). Human PBMCs from hypercholesterolemic individu-
als showed 37% higher CD36 mRNA expressions than normo-
cholesterolemic individuals (Fig. 4B).

In summary, our animal model results demonstrated that
high cholesterol diet significantly enhances intracellular lipid
accumulation via upregulating CD36 mRNA expressions in
atherosclerotic process. CD36 expressions of both aorta and
PBMC are increasing parallel to each other. Morover, when
develeloment of atherosclerosis is protected by vitamin E sup-
plementation, CD36 expressions of both aorta and PBMC are
decreasing parallel to each other. Consistent with rabbit
model, hypercholesterolemic individuals showed increased
CD36 mRNA expressions in human PBMCs compared with the
normocholesterolemic individuals. In the light of these results,
we have concluded that CD36 could serve as a biomarker for
early detection of CD36 related pathologies like atherosclero-
sis. However, we should support our results in a large group.
To conclude, we believe that this work will bring new aspects
for further studies in the direction of defining new clinical bio-
marker for atherosclerotic diseases.
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