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Abstract 

BACKGROUND: The progression of atherosclerosis is an ongoing struggle between cell division 
and cell death. Lectin-like oxidized low-density lipoprotein receptor-1 (LOX-1), a novel receptor 
for oxidized low-density lipoprotein (ox-LDL), mediates ox-LDL-induced apoptosis of 
monocytes. The anti-atherogenic function of plasma high-density lipoprotein (HDL) includes 
the ability to inhibit apoptosis of macrophage, although the exact mechanism and consequences 
of apoptosis in the development and progression of this disease are still controversial. Thus,  
in the present study, the effect of normal HDL (nHDL) and reconstituted HDL (rHDL) on  
ox-LDL-induced cellular responses in differentiated monocytes in view of apoptosis and LOX-1 
receptor expression was investigated. 

METHODS: The expression of B-cell lymphoma-2 (Bcl-2), B-cell lymphoma-extra large (Bcl-xL), 
caspase-3, and cytochrome c (cyt c) was assessed and substantiated in 30 hyper-LDL and 
control subjects. To assess the expression of LOX-1 on differentiated THP-1 cells, western 
blotting was carried out, followed by statistical analysis in 30 patients and control subjects. 

RESULTS: nHDL/rHDL inhibited the ox-LDL-induced apoptosis in the differentiated human 
monocytic cells, THP-1 cells, and differentiated monocytes of patient and control subjects. 
Enhanced expression of scavenger receptor, LOX-1, in the differentiated monocytes was also 
downregulated in presence of nHDL/rHDL. nHDL/rHDL could inhibit the ox-LDL-induced 
mitochondrial apoptotic pathway and aberrant expression of LOX-1 in patients. Double 
immunostaining using fluorescein isothiocyanate (FITC)-conjugated ox-LDL and LOX-1 in 
apoptotic cells indicates its significant role in the differentiated monocytes. 

CONCLUSION: It was observed that nHDL/rHDL could promote macrophage survival by 
preserving mitochondrial integrity from ox-LDL-induced apoptosis. 
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Introduction 
Atherosclerosis involves the deposition of fatty 
substances inside the artery walls, which causes 
thickening and hardening of the arteries. Such 
conditions affect circulation, causing high blood 
pressure, ultimately leading to angina, heart attack, 
stroke, and/or sudden cardiac death.1 The initial 
phase of atherogenic process involves low-density 
lipoprotein cholesterol (LDL-C) accumulation, 
generation of reactive oxygen species (ROS), and 
oxidative modification of LDL-C. Exposure of 
macrophages to oxidized LDL (ox-LDL), a major 
component of atherosclerotic plaques, appears to be 
a key event in this process, promoting both 

inflammation and intracellular cholesterol deposition 
with the formation of lipid-laden foam cells.2 

Apoptotic macrophages have been found to be 
concentrated in the areas of plaque rupture. The 
death of macrophages in atherosclerotic lesions is 
multifactorial and strongly correlated to the 
developmental stage of the atherosclerotic plaques.3 
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Loss of macrophages can also lead to the 
accumulation of apoptotic bodies, which can result 
in the activation of inflammatory mediators.4 

Serum high-density lipoprotein cholesterol 
(HDL-C) level is an independent predictor of risk 
for cardiovascular events in both men and women. 
HDL particles have been reported to exhibit various 
anti-atherogenic and cardioprotective effects by 
modulating the function of various cells including 
the cells of the artery wall.5 Thus, the biological role 
of such potentially important molecules in 
scavenger receptor-mediated ox-LDL-induced 
apoptosis of differentiated monocytes needs further 
evaluation in view of cellular modulation. 

Materials and Methods 

Blood samples (15 ml) were obtained from 30 cases 
of age- (30-60 years old) and sex-matched hyper-
LDL patients with hypertension (HTN) and subjects 
with normal LDL (nLDL) (control) diagnosed and 
managed by Department of Internal Medicine, Post 
Graduate Institute of Medical Education and 
Research, Chandigarh, India, in 2010. Patients having 
diabetes mellitus (DM), smoking habit, renal 
insufficiency, hyper/hypothyroidism, nephritic 
syndrome, and acute myocardial infarction (MI) 
within one year (single/combination) were excluded 
from this study. Peripheral blood mononuclear cells 
(PBMC) were separated from blood of each patient 
and control subject by Ficoll-Histopaque density 
gradient centrifugation.6 A formal written informed 
consent for this study was obtained from each 
patient. The study followed all ethical guidelines and 
was approved by the institutional ethical committee 
(No.:5/4/1-8/2004-NCD-II). 

Human monocytic leukemic cell line THP-1 
[National Centre for Cell Science (NCCS), Pune, 
India] and total PBMCs (obtained from blood 
samples of patients/control subjects) were cultured 
separately in RPMI-1640 (ICN, USA) supplemented 
with 2 mM glutamine, 50 U/ml penicillin, 50 µg/ml 
streptomycin, and 10% heat-inactivated fetal calf 
serum at 37 oC in a humidified atmosphere of 5% 
carbon dioxide (CO2)-95% air. Cell viability was 
assessed by the exclusion of 0.02% trypan blue dye.7 
The monocytes were differentiated in the presence 
of phorbol-12 myristate-13-acetate (PMA).8  

Preparation of lipoproteins: Normal HDL (nHDL)  
(d = 1.125-1.210 g/ml) and nLDL (d = 1.019-1.250 
g/ml) were isolated from human plasma obtained from 
blood bank of Post Graduate Institute of Medical 
Education and Research.9 For purification of 
apolipoprotein A1 (apo A-I), nHDL was delipidified.10 

The protein part of the delipidified HDL was 
resolubilised in 50 mM glycine/4 mM sodium 
hydroxide (NaOH) (pH = 8.8)/500 mM sodium 
chloride (NaCl)/6 M urea and was fractionated by gel 
filtration chromatography on Sephacryl S-200 column 
(1.7 × 82 cm).10 The collected fractions (each 3 ml) 
were monitored for the presence of protein at 280 nm. 
The fraction containing apo A-I was further purified by 
gel filtration chromatography on Sephacryl S-300 
column in the fast protein liquid chromatography 
(FPLC) (Pharmacia, Sweden). The protein was 
estimated by bicinchoninic acid (BCA) assay11 and the 
molecular weight (Mr) of apo A-1 was confirmed by 
sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE).12,13 The specificity of apo 
A-I to anti-apo A-I was assessed by enzyme-linked 
immunosorbent assay (ELISA).14 The purified apo A-I 
and phosphatidyl choline (PC) were used to prepare 
reconstituted HDL (rHDL).11 The LDL fraction was 
oxidized15 and oxidation of LDL was confirmed by the 
measurement of thiobarbituric acid reactive substances 
(TBARS).16 Ox-LDL was conjugated separately to 
horseradish peroxidase (HRP) and fluorescein (FLUOS) 
using Peroxidase Labeling Kit and Fluorescein Labeling 
Kit (Roche Biochemicals, Germany), respectively, as per 
manufacturer’s instructions. 

Apoptosis: The optimum dose and time of PMA 
for differentiation of THP-1 cells were selected in 
view of deoxyribonucleic acid (DNA) fragmentation 
analysis using DNA Ladder Kit (Roche, Germany). 
Briefly, THP-1 cells (106/ml media) were cultured in 
6 well plates with different doses of PMA (5 nM-100 
nM) for 24 hours. In a separate set of experiments, 
THP-1 cells were cultured with optimum dose of 
PMA for different time periods (6-24 hours). DNA 
was isolated as per manufacturer’s instructions, 
analyzed by agarose gel (1.8%) electrophoresis and 
visualized under ultraviolet (UV) light in the gel 
documentation system (Bio-Rad Laboratories, USA). 
Cells cultured without PMA under the same 
conditions were taken as control.  

For selection of optimum dose of ox-LDL, 

PMA-differentiated THP-1 cells (0.25 × 106/500 l 
serum free media/well) were cultured in presence of 
different doses of ox-LDL (25-100 μg/ml) for 24 
hours. In another set of experiment, PMA-
differentiated THP-1 cells were triggered in 
presence of optimum dose of ox-LDL for different 
time intervals (12 hours, 18 hours, and 24 hours). 
After washing, the cells were fixed in 1% 
paraformaldehyde solution and fluorescein 
isothiocyanate (FITC)-deoxyuridine triphosphate 
(dUTP) staining was performed using Apo-Direct 
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Kit (Roche, Germany). PMA-differentiated cells 
cultured under the same conditions without ox-
LDL as well as controls supplied with the kit were 
run in parallel. The cells were analyzed by flow 
cytometry (FC) using CellQuest software program.  

The optimum dose and time of nHDL/rHDL 
for treatment of PMA-differentiated THP-1 cells 

(0.25 × 106 cells/500 l media/well) cultured in 
absence and in presence of ox-LDL were selected in 
view of apoptotic index using the Cell Death 
Detection ELISA Kit (Roche, Germany). 

Experimental groups: Based on the selection of 
optimum dose and time for different triggering 
agents used in the present study, all the parameters 
were studied in four different groups. Group a 
consisted of PMA-differentiated cells (THP-1 cells 
as well as cells from patients and control subjects), 
group b consisted of the differentiated cells cultured 
in presence of ox-LDL, and group c and group d 
consisted of the differentiated cells preincubated 
with nHDL and rHDL, respectively, followed by 
triggering with ox-LDL. 

Reverse transcription polymerase chain reaction (RT 
PCR) analysis: Total ribonucleic acid (RNA) was 
extracted from all groups of THP-1 cells using the 
Qiagen RNA/DNA Mini Kit (Qiagen, Germany). 
The quantitation of RNA/DNA was done 
spectrophotometrically. The level of expression of 
various pro- and anti-apoptotic transcripts [B-cell 
lymphoma-2 (Bcl-2)-associated X-protein (BAX), 
Bcl-2, Bcl-extra large (Bcl-xL), caspase 3, and 
cytochrome c (cyt c)] was assessed by RT-PCR 
using primer pair specific to respective transcripts 
and Titan One-Step RT-PCR Kit (Sigma Aldrich, 
United States). The amplified transcripts were 
analyzed by agarose gel electrophoresis (1.8%). The 
changes in band intensity in case of each parameter 
were quantified by scanning densitometry using 
Scion Image 4.3 software (Bio-Rad, USA). 
Variations in the complementary DNA (cDNA) 
concentration were normalized by co-amplification 
with β-actin in each set. The increase/decrease in 
the expression of each parameter in the cells of 
group b→d was calculated by taking the normalized 
value of the same transcript as in cells of group a.  

Western blot analysis: THP-1 cells (106/ml) from each 
group were lysed with lysis buffer 10 mM HEPES 
(pH = 7.5)/150 mM NaCl/10% glycerol/10 mM 
sodium orthovanadate (NaVO4)/0.2% Triton X-
100/cocktail protease inhibitors (1:10, Roche, 
Germany). The debris was removed by centrifugation 
(10000 rpm, 10 minutes). After estimation of the 
protein content, equal amount (60 µg) of each lysate 

was subjected to 12% SDS-PAGE. The protein bands 
were electrophoretically transferred to polyvinylidene 
difluoride (PVDF) membranes (0.45 µm, Immobilon-
P, Millipore Eschborn, Germany) at 80 V for 2 hours 
at 4 °C,17 followed by incubation in blocking buffer 
5% skim milk in phosphate buffered saline  
(SM-PBS) containing 0.1% Tween-20 at 4 °C for 
overnight and washing with PBST (PBS containing 
0.1% Tween-20). Membranes were probed with 
antibodies to Bcl-2 (N-19, 1:500), BAX (N-20, 1:500), 
cyt c (C-20, 1:250), caspase-3 (N-19, 1:250), and  
β-actin (AC-15, 1:3000, taken as internal control)  
for 2 hours at 37 °C. After extensive washing, the 
blots were incubated with the respective  
HRP-conjugated secondary antibody (1:1500) for 1 
hour at 37 °C. After washing, the membranes were 
developed with 3,3’-diaminobenzidine (DAB) 
tetrahydrochloride/hydrogen peroxide (H2O2), except 
for cyt c. Cyt c was detected with enhanced 
chemiluminescence (ECL) plus Western blotting 
detection system (Amersham, UK). Antibodies were 
procured from Santa Cruz Biotechnology (CA, USA). 

Assessment of apoptosis in differentiated monocytes: 
Total PBMCs of each blood sample were cultured 
with PMA with percentage of monocytes to be 
0.7%-0.8% of total PBMCs. The extent of apoptosis 
in the monocytes/macrophages obtained from a→d 
groups of patients and control subjects was assessed 
by Cell Death Detection ELISA (CDD ELISA). 

Expression of BAX and Bcl-2 in differentiated monocytes: 
To assess the expression of BAX and Bcl-2 in the 
monocytes/macrophages obtained from a→d groups 
of patients and control subjects, PBMCs from each 
group were harvested separately with  
PBS-ethylenediaminetetraacetic acid (EDTA), 
washed and fixed in 1% paraformaldehyde  
(20 minutes, 4 oC). After washing, cells were 
incubated in permeabilization buffer for 10 minutes 
and centrifuged (1200 rpm, 5 minutes). Subsequently, 
cells were treated with primary antibody against BAX 
(1:20)/Bcl-2 (1:50) for 1 hour, washed, and incubated 
with fluorochrome-conjugated respective secondary 
antibody (1:1000) for 30 minutes. After washing, cells 
resuspended in PBS and monocytes/macrophages 
were analyzed by FC using CellQuest software 
program. Result was expressed in view of mean 
fluorescence intensity (MFI) of the FITC-positive 
cells in each group. In each set, a negative control 
was used in order to rule out non-specificity. 

Assessment of lectin-like oxidized LDL receptor-1 
(LOX–1) expression on differentiated monocytes: To 
assess the expression of LOX-1 on differentiated 

THP-1 cells (group ad), membrane fraction of 
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the cells from each group was prepared and 
subjected to Western blotting.17,18 

Expression of LOX-1 on differentiated 
monocytes obtained from a→d groups of patients 
and control subjects was assessed by FC. Total 
PBMCs isolated from each blood sample were 
cultured separately in presence of PMA. Cells were 
harvested and incubated with FITC-conjugated ox-
LDL for 1 hour at room temperature. After 
washing, cells were analyzed by FC. The result was 
expressed in view of the MFI of the FITC-positive 
cells in each group. In each set, a negative control 
was used to rule out irrelevant specificity. 

Statistical analysis for normally-distributed 
parametric tests was performed by paired t-
test/independent t-test as per requirement, and 
further, in patient samples, correlation and 
regression analysis was done.  

Results 

nHDL (d = 1.125-1.210 g/ml) and nLDL (d = 1.019-
1.250 g/ml) were isolated and purified, purification of 
apoliporotein A-I, nHDL was delipidified and the 
protein part of the delipidified HDL was resolubilised 
followed by gel filtration chromatography on 
Sephacryl S-200 column (1.7 × 82 cm). 

Purification and characterization of apo A-I: Four 
different types of lipoproteins (nLDL, ox-LDL, 
nHDL, and rHDL) were used in the present study. 
The apo A-I was purified from HDL by sequential 
gel filtration chromatography on Sephacryl S-200 
column and Sephacryl S-300 HR16/60 column. The 
Mr of the purified apo A-I was confirmed in SDS-
PAGE, in which it migrated as a single band of 29 
kDa. The ELISA titer of anti-apo A-1 was 1:10000 
with 15.6 ng of the purified apo A-I. The rHDL was 
prepared using the purified apo A-I along with PC. 

Evaluation of ox-LDL-induced apoptosis in differentiated 
THP-1 cells: Differentiation of THP-1 cells in the 
presence of different doses (5-100 nM) of PMA was 
evaluated in view of DNA fragmentation analysis. A 
ladder-like appearance was visualized in the DNA 
isolated from THP-1 cells triggered with 100 nM 
PMA for 24 hours. In another set of experiment, 
when THP-1 cells were cultured with 100 nM PMA 
for different time intervals (6-24 hours), no ladder 
was detected in DNA isolated from the cells cultured 
with PMA till 18 hours. Thus, in the subsequent 
experiments, THP-1 cells were differentiated with 
100 nM PMA for 18 hours. 

Apoptotic cells were found to be increased 
significantly (P ≤ 0.001) with 25 µg/ml, 50 µg/ml, 
and 100 µg/ml ox-LDL, respectively, at 24 hours as 

compared to the untreated cells and they were 
maximum with 100 µg/ml ox-LDL.  

A time-dependent significant (P ≤ 0.001) 
increase in % apoptotic cells was observed at 12 
hours (10%), 18 hours (25%), and 24 hours (29%) 
as compared to that of respective control cells (5%). 
Since no significant increase in the number of 
apoptotic cells was noticed at 24 hours as compared 
to that at 18 hours, in the subsequent experiments, 
differentiated THP-1 cells were cultured with 100 
µg/ml ox-LDL for 18 hours. 

Effect of nHDL and rHDL on ox-LDL-induced 
apoptosis in THP-1 cells: Effect of various doses (25-
100 µg/ml) of nHDL and rHDL on ox-LDL (100 
µg/ml, 18 hours)-induced apoptosis in 
differentiated THP-1 cells was assessed separately 
by CDD ELISA. A significant (P < 0.001) 
reduction in the extent of apoptosis was noted in 
presence of nHDL and rHDL (Figure 1A and 1B, P 
< 0.001), which was maximum at 100 µg/ml dose 
for both molecules. Moreover, ox-LDL-induced 
apoptosis in the differentiated THP-1 cells was also 

reduced significantly (P < 0.050, P < 0.001) on 
12 hours preincubation with nHDL and rHDL (100 

µg/ml) separately (Figure 1C and 1D, P < 0.050, 
P < 0.001). Since no significant change in the 
extent of apoptosis was noted at 12 hours of 
preincubation with nHDL/rHDL as compared to 
that at 6 hours, in the subsequent experiments, 
PMA-differentiated cells were preincubated for 6 
hours with 100 µg/ml of nHDL/rHDL and then 
cultured with ox-LDL (100 µg/ml, 18 hours). 

HDL suppresses apoptosis in differentiated THP-1 cells: 
Impact of nHDL/rHDL on ox-LDL-induced 
apoptotic signal transduction pathways was assessed 
in differentiated THP-1 cells with respect to the 
expression level of different regulatory and effector 
proteins of apoptosis, at both transcript and protein 
levels of BAX (Figure 2A and 2B), Bcl-2 (Figure 2C 
and 2D), and Bcl-xL (Figure 2E and 2F). An 
enhanced expression of BAX was noted in group b 
as compared to group a, while it reduced appreciably 
in group c and d when compared to group b. The 
level of expression of Bcl-2 and Bcl-xL decreased in 
group b as compared to group a, whereas it was 
upregulated in group c and d. We examined the 
effect of nHDL/rHDL on ox-LDL-induced release 
of cyt c and activation of caspase-3 in differentiated 
THP-1 cells as shown in figure 3. Cyt c expression 
was downregulated in group c and d as compared to 
group b. The level of expression of caspase-3 
transcript was upregulated in group b as compared to 
group a, whereas an appreciable decrease in its level 
was noted in group c and d as compared to group b. 
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Figure 1. A and B) The bar graph showing the apoptosis in phorbol-12 myristate-13-acetate (PMA)-differentiated 
THP-1 cells cultured in presence of oxidized low-density lipoprotein (ox-LDL) preincubated without (a and p) 
and with different doses of 25 µg/ml (b and q), 50 µg/ml (c and r), and 100 µg/ml (d and s) of normal high-density 
lipoprotein (nHDL) and reconstituted HDL (rHDL), respectively; C and D) The assessment of apoptosis in PMA-
differentiated THP-1 cells cultured in presence of ox-LDL without (a and e) and with 100 µg/ml of nHDL (a’ and 
e’) for 6 hours and without (p and t) and with (p’ and t’) 100 µg/ml rHDL, respectively, for 12 hours. Each bar 
represents the mean ± standard deviation (SD) of three independent experiments performed in duplicates. 

 
Further, in Western immune blot, a prominent 

band (17 kDa) of activated caspase-3 was found in 
group b, which was not detectable in group c and 
reduced in group d. 

 

 
Figure 2. Effect of normal high-density lipoprotein (nHDL) and reconstituted HDL (rHDL) on oxidized low-
density lipoprotein (ox-LDL)-induced alteration in expression of B-cell lymphoma-2 (Bcl-2)-associated X-
protein (BAX) (A), Bcl-2 (C), and Bcl-extra large (Bcl-xL) (E) in differentiated THP-1 cells detected by 
reverse transcription polymerase chain reaction (RT-PCR) and Western immunoblotting BAX (B), Bcl-2 (D), 
Bcl-xL (F), respectively. Bar graphs represent the level of expression of BAX, Bcl-2, and Bcl-xL molecules 
under different conditions both at messenger ribonucleic acid (mRNA) and protein levels. 
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Figure 3. Effect of normal high-density lipoprotein (nHDL) and reconstituted HDL (rHDL) on oxidized low-
density lipoprotein (ox-LDL)-induced release of cytochrome c (cyt c) (A) and activation of caspase-3 in 
differentiated THP-1 cells was determined both at messenger ribonucleic acid (mRNA) (B) and protein level (C). 
Bar graph represents the level of expression of caspase-3 under different conditions with respect to that of control. 

 

Effect of nHDL/rHDL on ox-LDL-induced apoptosis 
in differentiated monocytes: We further substantiated our 

studies on monocytes obtained from patients and 
control subjects (Figure 4A).  

 

 
Figure 4. Bar graphs showing the effect of normal high-density lipoprotein (nHDL) and reconstituted HDL 
(rHDL) on oxidized low-density lipoprotein (ox-LDL)-induced apoptosis (A) and expression of B-cell lymphoma-
2 (Bcl-2)-associated X-protein (BAX) (B) and Bcl-2 (C) proteins in differentiated monocytes obtained from 
patients and control subjects 
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Apoptotic index and the extent of apoptosis was 
increased by 4-fold and 1.2-fold in group b in 
patients and control subjects, respectively. A 
significant (P < 0.001) decrease in the extent of 
apoptosis was noted in group c and d as compared 
to that in group b of patients’ samples. 

Our findings were authenticated by the study on 
the level of expression of BAX and Bcl-2 in the 
monocytes obtained from a→d groups of patients 
and control subjects. In case of patients’ samples, 
BAX was significantly increased in group b  
(P < 0.050) as compared to group a, while its 
expression was found to be decreased in group c  
(P < 0.010) and d as compared to group b (Figure 
4B). Further, levels of Bcl-2 was significantly 
reduced in group b (P < 0.001) as compared to 
group a, whereas it was increased in group c  
(P < 0.001) as compared to group b (Figure 4C) in 
patient sample. 

Assessment of LOX–1 expression: The level of  
LOX-1 was variable in different groups (a→d) of 
THP-1 cells. It was found to be increased in group 
b as compared to group a, while its expression was 
decreased in group c and d in comparison to group 
b (Figure 5A and 5B). Our result was further 
substantiated by studying the LOX-1 expression in 
a→d groups of monocytes obtained from hyper-
LDL and normal-LDL subjects (Figure 5C). In case 
of hyper-LDL subjects, the level of LOX-1 was 
increased significantly in group b (P < 0.001) 

compared to group a. However, a significant 
decrease in its level of expression was noted in 
group c (P < 0.001) and d (P < 0.010) as compared 
to group b. In case of control subjects, no 
significant alteration in the level of LOX-1 
expression was noted between the groups. 

Discussion 

The major finding of this study is that the increased 
expression of pro-apoptotic members (BAX, 
caspase-3, cyt c) was found to be decreased in the 
presence of nHDL and rHDL in differentiated 
monocytes. Ox-LDL was used to induce apoptosis 
in PMA-differentiated human monocytes. It has 
been reported that PMA could trigger 
differentiation or apoptosis, depending on the cell 
type.19 This dual effect of PMA may be due to its 
ability to activate different isoforms of protein 
kinase C (PKC), the activation of which can either 
lead to the disordered growth, cell transformation, 
and inhibition of apoptosis or it can result in cell 
growth inhibition and induction of apoptosis.20 

In the present study, it was observed that pre-

incubation of differentiated cells with 100 µg/ml of 
nHDL/rHDL for 6 hours followed by co-incubation 
with ox-LDL for 18 hours could inhibit apoptosis 
significantly. Nofer et al.21 reported that apoptosis of 
endothelial cells could also be suppressed by HDL 
and associated lysosphingolipids. 

 

 
Figure 5. A and B) The expression of lectin-like oxidized low-density lipoprotein receptor-1 (LOX-1) at messenger 
ribonucleic acid (mRNA) and protein level in differentiated monocytes triggered in presence of oxidized low-density 
lipoprotein (ox-LDL) with and without normal high-density lipoprotein (nHDL) and reconstituted HDL (rHDL), 
respectively; C) Bar graphs showing the effect of nHDL and rHDL on ox-LDL-induced LOX-1 expression in 
differentiated monocytes obtained from patients and control subjects in different experimental groups (a→d) 
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A significantly higher extent of apoptosis and an 
increased expression of BAX was found in group b 
of hyper-LDL subjects as compared to that of 
normal-LDL subjects which was consistent with the 
reports of Rosa et al., who demonstrated the effect 
of mitochondrial apoptotic pathway in macrophages 
during atherosclerosis.22 It has also been reported 
that macrophages could express BAX in 
atherosclerotic plaques and cholesterol withdrawal 
could reduce the expression of BAX and apoptotic 
cells in these plaques,23 which supported our 
observation in group c and d in patients’ samples, in 
which, decrease in the extent of apoptosis and BAX 
level was observed. 

Mehta et al.24 reported that LOX-1 mediated ox-
LDL-induced apoptosis in vascular endothelial cells 
by stimulating p38 mitogen-activated protein kinase 
(MAPK) which was in good agreement with our 
observations. It is possible that uptake of ox-LDL 
through LOX-1 could activate mitochondrial 
apoptotic signal transduction pathways.  

It can be suggested that nHDL/rHDL could 
either prevent the binding of ox-LDL to LOX-1 by 
preventing the accumulation of oxidized lipids in 
the ox-LDL through lecithin-cholesterol 
acyltransferase (LCAT) enzyme, thereby inhibiting 
ox-LDL-mediated signaling through this receptor or 
it might degrade the ox-LDL in the system because 
several apolipoproteins, including apo A-I, have 
intrinsic antioxidant property.1 

Conclusion 

Apo A-I plays a prominent role and should be 
measured as a component for assessing 
cardiovascular risk in humans. Role of LOX-1 in 
macrophage-cholesterol homeostasis might provide 
some interesting targets for atheroprotection. The 
present study showed the protective role of HDL in 
the disease process as substantiated by inhibition of 
ox-LDL-mediated apoptosis in differentiated 
monocytes obtained from patients. Despite a wealth 
of information on this subject, further research is 
required to substantiate the findings in more 
numbers of patient samples, so that identification of 
appropriate drug targets can be done which will 
prevent the progression of atherosclerosis. 
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