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Atherosclerosis is a leading cause of mortality and long-term morbidity worldwide. It is a lipopro-
tein-driven disease that leads to plaque formation at focal areas in the arterial blood vessels through 
intimal inflammation, necrosis, fibrosis, and calcification. Adventitial and intimal angiogenesis con-
tributes to the progression of intimal hyperplasia and the development of a necrotic core. The vola-
tile nature of an atheromatous plaque is responsible for approximately 60% of symptomatic carotid 
artery diseases and about 75% of acute coronary events. In this review the pathogenesis of athero-
sclerosis is discussed from the initial step of lipid retention to advanced stages of immune-mediate 
inflammation and associated angiogenesis. Mechanisms of plaque rupture are also discussed.
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Introduction

According to the World Health Organization fact 
sheet, cardiovascular disease (CVD) is the number one 
cause of death globally. An estimated 17.3 million 
people died from CVDs in 2008, representing 30% of 
all the global deaths1). Of these deaths, an estimated 
7.3 million were due to coronary disease (CAD) and 
6.2 million due to stroke2). The number of people 
who die from CVD, mainly from heart disease and 
stroke will increase to reach 23.3 million by 20301, 3). 
CVDs are projected to remain the single leading cause 
of death, and as a result of the increased disease preva-
lence and the rising costs of treatments for CVD and 
the associated risk factors, the economic burden of 
management of CVD is reaching unsustainable levels, 
even for developed economies.

The main etiology that leads to CVD is primar-
ily atherosclerosis that causes clinical diseases by lumi-
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nal narrowing, aggravating thrombi production, and 
propagation that obstructs the circulation to heart 
(CAD), brain (ischemic stroke), or lower extremities 
(peripheral vascular disease). Atherosclerosis is a lipo-
protein-driven disease that leads to plaque formation 
at focal areas in the arterial blood vessels through inti-
mal inflammation, necrosis, fibrosis, and calcification.

Atheromatous Plaques

A typical atheromatous plaque has a core con-
taining lipids and debris from dead cells, called lipid 
core (LC) or lipid-rich necrotic core (LRNC). It is 
covered by a fibrous cap (FC), which contains smooth 
muscle cells, and collagen fibers that stabilize the 
plaque. Immune cells including monocytes, T-cells, 
and mast cells are present in the plaque and mostly in 
activated state. They produce various cytokines, prote-
ases, pro-thrombotic molecules, and vasoactive sub-
stances, which play a role in plaque inflammation and 
vascular function. Until complications occur, an intact 
endothelium covers the plaque.

On the basis of the vulnerability status, athero-
matous plaques are classified as low-risk /non-vulnera-
ble /stable plaque, characterized by a thick FC and 
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derived lipoproteins chylomicrons.
Lipoprotein entry and retention within the sub-

endothelial space and hence atherosclerosis depends 
on sustained plasma levels of apoB lipoproteins. Lipo-
protein size, charge, and composition and endothelial 
permeability may influence lipoprotein entry but less 
certainty exists in these areas11). Work carried out by 
Ira Tabas shows that even with low LDL (e.g., in 100 
mg/dL range) patient still develop CAD indicating 
that subendothelium that is particularly susceptible to 
retention or maladaptive responses to retained lipo-
proteins (e.g., because of genetic or environmental 
factors) requires lower levels of circulating apoB lipo-
proteins to initiate the atherogenic process. An impor-
tant example of this principle is the increased suscepti-
bility of diabetic patients to CAD compared with 
non-diabetic patients with the same plasma levels of 
LDL, possibly related to their altered arterial matrix. 
Therefore, aggressive LDL lowering is particularly suc-
cessful in lowering CAD risk in diabetics. A recent 
study showed that treatment of subjects with very low 
level LDL values (average 50 mg/dL) with statins to 
further lower their LDL was associated with a marked 
improvement in survival and the prevention of acute 
coronary syndromes over a 2-year period12).

In 1995, Dr Kevin Williams and Ira Tabas pre-
sented the response-to-retention hypothesis of athero-
genesis, which states that retention of atherogenic 
lipoproteins within the vessel walls is the necessary 
initiating event of atherogenesis13). The retained lipo-
proteins subsequently trigger an inflammatory 
response that leads to the formation of the atheroscle-
rotic lesions14).

The hypothesis is based on pioneering work in 
1970s and 1980s showing that apoB 100 containing 
lipoproteins from plasma can interact with the extra-
cellular matrix (ECM) in the arterial wall15-17). Apoli-
poprotein B containing lipoproteins binds to proteo-
glycans in the vessel wall because lipoproteins up to 70 
nm in diameter can cross an intact endothelium 
through transcytosis. LDL and IDL are easily taken 
up by the arterial wall18, 19). The main determinants 
seem to be the lipoprotein characteristics and the 
capacity of the vessel wall to bind lipoproteins.

The retained lipoproteins adhere to the vessel 
wall mostly through electrostatic binding to proteo-
glycans (such as heparin sulfate, chondroitin sulfate, 
dermatan sulfate, and keratin sulfate) in the ECM20). 
There are various sites on apoB 100 for binding. Site 
B is the major site for proteoglycan binding10). Site A 
is exposed when LDL is modified by secretory phos-
pholipase A2 (sPLA2), which hydrolyses surface phos-
pholipids on LDL resulting in a smaller and more 

low LC, and high risk/vulnerable /unstable plaques.
The term vulnerable plaque was put forward by 

Muller et al. to describe atherosclerotic plaques prone 
to rupture4). A consensus paper for the definition of 
vulnerable plaques in 2003 described their features 
such as: thin FC with large LC, active inflammation, 
endothelial denudation with superficial platelet aggre-
gation, a fissured plaque or stenosis ＞90%5). Addi-
tional criteria included the presence of intraplaque 
hemorrhage, superficial calcified nodule, and positive 
outward remodeling.

The modified American Heart Association classi-
fication of atherosclerotic lesions6) defines “thin 
fibrous cap” as one that is ＜65 μm thick on the basis 
that this was the 95th centile cap thickness at the 
point of rupture in a series of 41 fatally ruptured coro-
nary plaques [mean cap thickness was 23 μm at the 
point of rupture7). For ruptured carotid plaques, the 
median representative cap thickness of 400 μm [inter-
quartile range (IQR): 220 to 600 μm] and the median 
minimum cap thickness of 200 μm (100 to 300 μm) 
has been observed to discriminate reliably between 
ruptured and non-ruptured plaques8). There is no cut-
off value for the lipid content, which can be used to 
distinguish vulnerable from non-vulnerable plaques, 
and the comparison between the two plaque categories 
is therefore in relative terms.

Pathogenesis

Role of Lipids
Lipids play a key role in the development of ath-

erosclerosis. An increase blood concentration of apoli-
poprotein B containing lipoproteins, of which low 
density lipoprotein (LDL) is the most prevalent form, 
can be a sufficient cause of atherosclerosis by accumu-
lating in the arterial intima9) where they may be modi-
fied by oxidation and aggregation, such as in familial 
hypercholesterolemia. However, the disease may 
develop even at lower levels of LDL in combination 
with other risk factors that facilitate atherosclerosis. 
These include smoking, hypertension, diabetes melli-
tus, male sex, and complex genetic susceptibility to 
the disease (family history).

ApoB is the main apolipoprotein of LDL and is 
required for its formation and metabolism. In 
humans, apoB exists in two isoforms10): aopB 100, 
which is one of the largest proteins in the body, 
expressed in liver and is thus present on the liver 
derived lipoproteins very-low-density lipoprotein 
(VLDL), intermediate density lipoprotein (IDL), and 
LDL. The other form is apoB48, which is expressed in 
the intestine; therefore, it is present on the intestine 
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and in the lipid organization28-30). These changes in 
structure make proteoglycan-bound LDL even more 
susceptible to oxidation and aggregation31, 32).

Lipoprotein retention seems to be a self-acceler-
ating process, in which retained LDL evokes cellular 
responses that lead to additional LDL entrapment. 
First, oxidized LDL and cytokines released from 
inflammatory cells stimulate smooth muscle cells 
(SMCs) to proliferate and secrete proteoglycans with 
elongated proteoglycan chains that have an increased 
affinity for LDL33, 34). Second, the infiltrated macro-
phages secrete bridging molecules mostly lipoprotein 
lipase (LPL), which further enhances the lipoprotein 
retention35). LPL is a positively charged enzyme, 
which is normally attached to a negatively charged 
proteoglycans in the lumen of capillaries where it cap-
tures circulating lipoproteins. Because it has binding 
sites for both proteoglycans and lipoproteins, macro-
phage derived LPL increases the vessel wall affinity for 
lipoproteins by serving as a bridge between the pro-
teoglycans and lipoproteins36, 37).

Aggregation of LDL particles increases their 
binding to proteoglycans and further boosts the 
inflammatory response38). Hence, lipoprotein reten-
tion is the initiator of a viscous circle that leads to 
increased lipoprotein retention, increased inflamma-
tion, and eventually the formation of atherosclerotic 
lesion.

Inflammation and Immune System Interaction
The intramural retention of cholesterol rich apo-

lipoprotein B containing lipoproteins in the suscepti-
ble areas of arterial vasculature leads to maladaptive 

dense LDL particle, sPLA2-modified lipoproteins dis-
play increased affinity for proteoglycans21) and an ele-
vated plasma level of sPLA2 is a strong risk factor for 
cardiovascular disease22).

In addition to apoB, several other apolipopro-
teins (including apoE and serum amyloid A) also have 
proteoglycan-binding domain. The intestinal-derived 
chylomicrons (which contain apoB48 and apoE) may 
play an important role despite the big size to penetrate 
the intact endothelium, their remnants are found in 
the arterial wall23, 24). Because of their larger size each 
trapped particle contributes a large amount of lipids, 
and therefore, only a modest accumulation of chylo-
micron remnants may significantly contribute to vas-
cular lipid deposition.

HDL, which contains apoE and serum amyloid 
A, localizes in the arterial wall25), and oxidized HDL 
has been detected within the human atherosclerotic 
lesions26). Cell culture studies show that the macro-
phage scavenger receptor CD36 mediates the uptake 
of oxidized HDL but not native HDL27). Hence, 
although high plasma levels of HDL are strongly cor-
related with protection against cardiovascular disease, 
HDL may be pro-atherogenic once it is trapped in the 
arterial wall.

Lipoproteins retained in the intima are exposed 
to oxidizing agents and enzymes that lead to oxidized 
and aggregated LDL particles, which are then recog-
nized and engulfed by the macrophages (Fig.1). The 
LDL-proteoglycan binding also stimulates macro-
phages to engulf LDL mostly because of the physical 
alteration of LDL upon binding to proteoglycans, 
including a change in both the apoB100 configuration 

Fig.1. A potential role for low-density lipoprotein as an antigen that promotes atherosclerosis. Native LDL can undergo slight oxi-
dative modification that permits its uptake by pattern recognition receptors (PRRs) on antigen precursor cells (APCs) 
(which may include DCs) but does not sufficiently alter amino acid side chains in ApoB to interfere with immunogenicity. 
The ApoB-derived proteins, presented in the context of self-major histocompatibility complex (MHC), with appropriate 
co-stimulation, stimulate proliferation of the antigen-specific T-cell clone and aggravation of atherogenesis (reproduced with 
permission, Libby P et al., Immune effector mechanisms implicated in atherosclerosis: from mice to humans. Immunity, 
2013; 38: 1092-1104).
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of modified LDL, which sustains inflammation13, 44). 
The endothelial cell itself also becomes activated and 
expresses chemokines and proteases, thereby perpetu-
ating the inflammatory response. Once in the intima, 
monocytes under the influence of monocyte colony 
stimulating factor (M-CSF) either changes to macro-
phages or dendritic cells45).

When the macrophages ingest and process apoB-
LPs and the uptake exceeds efflux or the efflux is dis-
turbed, lipids accumulate resulting in the formation of 
“foam cells.” Macrophage foam cells promote further 
growth and destabilization of the plaque: secretion of 
cytokines and chemokines, generation of reactive oxy-
gen species (ROS), presentation of immune activation 
markers to lymphocytes or macrophage scavenger 
receptor, production of matrix-degrading proteases 
(i.e., matrix metalloproteinases (MMPs), and release 
of inflammatory debris into the plaque core following 
necrosis or apoptosis. The process is accelerated by 
amplified lipoprotein retention in established lesions.

SMCs migrate into the intima and promote for-
mation of a collagenous FC (which is initially thick), 
probably representing a scar-like response to wall off 
the lesion. Macrophages congregate in a central core 
in the typical atherosclerotic plaque and can die, some 
by apoptosis, hence producing the so-called ‘necrotic 
core’ of the atherosclerotic lesion. As the lesion pro-
gresses and the inflammatory activity increases, it 
results in fibrous cap thinning, plaque erosion, or rup-
ture, ultimately leading to acute thrombotic vascular 

inflammatory response. These sequestered lipoproteins 
are susceptible to various modifications such as oxida-
tion, enzymatic and non-enzymatic cleavage, and 
aggregation, which make these particles more pro 
inflammatory and induce the activation of overlying 
endothelium. The key early inflammatory response to 
retained apoB-LPs, which may be enhanced by oxida-
tive modification of the LPs, is the activation of over-
lying endothelial cells in a manner that leads to the 
recruitment of blood-borne monocytes into subendo-
thelial space39, 40).

The activated endothelial cells secrete chemoat-
tractants or chemokines that interacts with the che-
mokine receptors on monocytes and promotes their 
directional migration. Monocytes primarily originate 
from bone marrow-derived progenitor cells and this 
early stage of monocyte development may be regu-
lated by cellular cholesterol content in a manner that 
can affect atherogenesis41).

Monocytes adhere and roll on the endothelial 
cells overlying retained apoB-LPs and adhere firmly to 
lesional endothelial cells through the interaction of 
integrins with the endothelial cells ligands40). Platelet 
aggregation on endothelium overlying atherosclerosis 
also activates adhesion molecule expression through 
the deposition of platelet-derived chemokines on acti-
vated endothelium42). These finally lead to the entry 
of monocytes into sub-endothelial space43). Within 
the intima the monocytes secrete lipoprotein binding 
proteoglycans resulting in the increased accumulation 

Fig.2. (A): Schematic presentation of the two roles of an infiltrate of pro-inflammatory cells in an advanced atherosclerotic lesion: 
left angiogenic and right angiolytic effects. (B): Pro-inflammatory effects of VEGF/PlGF on an advanced atherosclerotic 
plaque (reproduced with permission, Ribatti D et al., Inflammatory angiogenesis in atherogenesis--a double-edged sword. 
Ann Med, 2008; 40: 606-621).
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endothelin-159) and MMP-260). More recently, Slui-
mer et al.61) provided a direct evidence of a correlation 
between hypoxia, the presence of macrophages, and 
the expression of HIF and VEGF in advanced human 
atherosclerosis. Moreover, the HIF pathway was asso-
ciated with lesion progression and angiogenesis, sug-
gesting its involvement in the response to hypoxia and 
the regulation of intraplaque angiogenesis.

The hypoxemia theory of atherosclerosis postu-
lates that an imbalance between the demand and sup-
ply of oxygen in the arterial wall is important for the 
development of atherosclerotic lesions62).

On the other hand, atherosclerotic lesions 
responsible for vascular occlusion are themselves asso-
ciated with angiogenesis within the vessel wall. An 
imbalance between the inducers and inhibitors, with a 
predominance of the former, is essential for the induc-
tion of neovascularization in the atherosclerotic arte-
rial wall, and the angiogenic switch may be the conse-
quence of a down-regulation in the expression of two 
or even more angiogenesis inhibitors63).

Several angiogenic and antiangiogenic factors 

events such as myocardial infarction and stroke.
Both humoral and cell mediated immunity are 

involved in the development and progression of the 
atherosclerotic plaque46).

T lymphocytes are seen in the atherosclerotic 
plaques at nearly all stages of development. Most T 
lymphocytes within atherosclerotic lesions belong to 
the CD4＋ Th1 T cell subtype. Oxidized LDL, heat 
shock proteins, and microbial proteins are possible 
mediators of T-cell activation within the atheroscle-
rotic plaque47). Activated CD4＋ T lymphocytes con-
tribute to plaque vulnerability by producing proin-
flammatory cytokines, including interferon gamma 
(IFN-γ), and tumor necrosis factor alpha (TNF-α)48).

B Lymphocytes have been detected by immuno-
histochemistry in advanced human atherosclerotic 
lesions, but their precise role is not known49). It has 
been suggested that B cell mediated adaptive immu-
nity may play an atheroprotective role, in contrast to 
the proatherogenic role of monocytes and T-lympho-
cytes50).

Mast cells have the potential to play a critical role 
in destabilization of the atherosclerotic lesion. While 
allergen binding to IgE is the classic mediator of mast 
cell degranulation, other stimuli more likely to occur 
in the context of the vulnerable plaque can also pro-
voke this phenomenon. These include soluble factors 
secreted by activated T-cells or macrophages51) and 
collagen derived peptides52). During degranulation 
heparin, inflammatory mediators such as histamine 
and neutral proteases such as tryptase and chymase are 
released into the surrounding medium. Activated mast 
cells are were identified in the regions of plaque rup-
ture, and it is thought that their neutral proteases may 
serve to trigger the activation of macrophage-released 
MMPs53).

Angiogenesis and Neovascularisation
Adventitial and intimal angiogenesis contributes 

to the progression of intimal hyperplasia and the 
development of a necrotic core. Angiogenesis in the 
atherosclerotic plaque has been investigated as a possi-
ble factor, which contributes to the risk of rupture54) 
(Fig.2A). It can be considered as a compensatory 
response to hypoxia present in the deep intimal and 
medial areas produced by the proliferation of the inti-
mal SMCs and resulting in local thickening of the 
intima, as the plaque grows55-57).

A possible role of hypoxia inducible factor (HIF) 
in atherosclerosis is supported by the presence of 
intraplaque angiogenesis and the implication of several 
known HIF-responsive genes in atherosclerosis, associ-
ated with vascular endothelial growth factor (VEGF)58), 

Table 1. Pro-angiogenic and anti-angiogenic factors present in 
atherosclerotic plaques

Pro-angiogenic
Vascular endothelial growth factor (VEGF)
Placental growth factor (PlGF)
Fibroblast growth factor-2 (FGF-2)
Platelet derived growth factor (PDGF)
Transforming growth factor beta (TGF-β)
Interleukin 8 (IL-8)
Monocyte chemoattractant protein-1 (MCP-1)
Tumor necrosis factor alpha (TNFα)
Endothelin-1 (ET-1)
Thrombin
Matrix metalloproteinases (MMP)
Platelet activating factor (PAF)
Nitric oxide (NO)
Heme oxygenase-1 (HO-1)
Cyclooxygenase-2 (COX-2)
Oxidized phospholipids (oxPL)

Anti-angiogenic
Thrombospondin-1 (TSP-1)
Angiostatin
Platelet factor 4
Perlecan
Collagen IV
Collagen XVIII
Endostatin
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tion in atherosclerotic plaques58). On the other hand, 
the administration of anti-VEGFR-1 antibody to 
apoE-deficient mice reduces plaque development and 
increases plaque stability via the impaired infiltration 
of monocytes into the intimal area66). Fibroblast 
growth factor-2 (FGF-2) has been demonstrated in 
areas of neovascularization, and smooth muscle cells, 
foam cells, and the plaque microvasculature display 
co-expression of FGF-receptor-1 (FGFR-1) and 
FGFR-267)

Inflammatory cells such as macrophages, T- cells, 
and mast cells are present in the areas of neovascular-
ization (Fig.3). Mast cells accumulate in the shoulder 
regions of human coronary atheroma and the predi-
lection site of atheromatous rupture68). T lymphocytes 
are present in the areas of neoangiogenesis, particu-
larly deep within the intima and below the necrotic 
core and shoulder region69). Inflammatory cells secrete 
several angiogenic cytokines, such as VEGF, FGF-2, 
transforming growth factor beta (TGF-β), TNF-α, 

have been identified in atherosclerotic plaques (Table 
1). VEGF/VEGF receptors (VEGFRs) signaling plays 
the most important role64) (Fig.2B). The secreted 
VEGF reaches the adjacent macrophage and bind to 
the VEGFR-1. Binding of VEGF to its receptor stim-
ulates the macrophage to synthesize and secrete mono-
cyte chemotactic protein-1 (MCP-1), which attracts 
circulating monocytes to enter the plaque. In the sub-
endothelial space, VEGF stimulates the monocytes via 
VEGFR-1 to synthesize and secrete VEGF, which 
contributes to recruitment of monocytes into the 
plaque. VEGF also induces the macrophage to synthe-
size and secrete the proinflammatory cytokine tumor 
necrosis factor-alpha (TNF-α). As a result of the 
VEGF-dependent secretion of matrix-degrading pro-
teinases, the plaque ruptures, and a mural thrombus 
forms when blood comes in contact with the suben-
dothelial tissue58, 65).

The administration of VEGF to apoE-deficient 
mice promotes angiogenesis and macrophage infiltra-

Fig.3. Interplay between angiogenic molecules secreted by mast cells, monocytes, macrophages, T-cells, and 
smooth muscle cells in the atherosclerotic plaque
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tion of intact and disrupted plaques and in vitro 
mechanical testing of isolated fibrous caps indicate 
that vulnerability to rupture depends on79): size and 
consistency of atheromatous core, thickness and colla-
gen content of the fibrous cap covering the core, 
inflammation within the cap and mechanical stresses.

The size and consistency of the atheromatous 
core vary greatly from plaque to plaque and are critical 
for the stability of individual lesion. Although the 
average stenotic coronary plaque contains more hard 
fibrous tissue then soft atheromatous gruel, its pres-
ence could be the culprit in causing the acute coro-
nary syndrome80).

Absence of necrotic core results in the absence of 
the overlying fibrous cap to rupture. Larger necrotic 
core also confers greater risk than a small one81, 82). 
The importance of the necrotic core size for plaque 
stability is comprehensible because the expansion of 
the core may erode the FC from below and because 
the total lack of supporting collagen in the lipid-rich 
core confers greater tensile stress to the overlying FC. 
A large necrotic core may also increase the thrombo-
genecity of the plaque material and hence the risk of 
clinical event in case of plaque ruptures83).

The thickness and collagen content of FC are 
important for the stability of a plaque84). FCs vary 
widely in thickness, cellularity, matrix strength, and 
stiffness, but they are often the thinnest (and macro-
phages infiltrated) at their shoulder regions where dis-
ruption most frequently occurs85). Collagen is impor-
tant for the tensile the strength of tissues, and dis-
rupted aortic cap contain fewer SMCs (the collagen-
synthesizing cell in plaques) and less collagen than in 
intact caps86). Microscopic assessment of the autopsy 
study of sudden cardiac death showed that the average 
thickness of ruptured caps was found to be only 23 
μm and 95% of ruptured caps were below 65 μm7).

Disrupted FCs usually are heavily infiltrated by 
macrophage foam cells. These rupture-related macro-
phages are activated, indicating ongoing inflammation 
at the site of plaque disruption79).

Disruption of FC, rich in macrophages and 
T-lymphocytes, in addition to the necrotic core com-
ing in contact with circulating blood, are events that 
lead to the development of thrombi in fatal plaques6, 87). 
Over the last decade, much interest has been focused 
on the role of MMPs as the main cause of FC disrup-
tion in plaque rupture. Collagen type I provides most 
of the tensile strength of the FC and certain pro 
inflammatory cytokines, such as interferon–gamma 
(IFN-γ), inhibit collagen synthesis by SMCs88). The 
initial proteolytic nick in the collagen chain is pro-
vided by MMP- 1, -8, and -13, whereas MMP-2 and 

and various destabilizing proteases.
The newly formed vascular supply contributes to 

the perpetuation of chronic inflammation by promot-
ing the migration of inflammatory cells to the site of 
inflammation by the upregulation of adhesion mole-
cules, thus amplifying the inflammatory response70). 
In atherosclerotic plaques, pro-inflammatory cells not 
only induce the growth of new microvessels in the 
deep areas of advanced plaques but also may facilitate 
rupture of fragile neovessels and consequent intra-
plaque hemorrhage. The angiogenic potential of 
inflammatory cells initially serves a healing function 
but later, as the disease advances, a detrimental func-
tion.

Extracellular proteolysis is an absolute require-
ment for angiogenesis. Specifically, a role for MMPs, 
the urokinase-type plasminogen activator (PA) recep-
tor, and PA inhibitor 1 (PAI-1) has been clearly 
defined in a number of model systems71). By the selec-
tive and targeted degradation of the pericellular and 
ECM, MMPs promote sprouting of vasa vasorum in 
regions of hypoxia and also promote the release of 
VEGF and FGF-2. Similarly, plasmin facilitates the 
release of VEGF from the extracellular matrix into its 
bioactive form. Angiogenesis in the plaque is perpetu-
ated by thrombotic events occurring in some of the 
new microvessels, which again are triggered by local 
microhemorrhages originating in the microvessels.

In the atherosclerotic vessel, angiogenic agents 
stimulate both prothrombotic PA and PAI-1 gene 
expression in vascular endothelial cells and smooth 
muscle cells72). Furthermore, overexpression of the PA 
system may be responsible for increasing the activity 
of some MMPs73). The neovascularized regions of the 
plaques express active forms of the various MMPs, and 
the microvessels themselves are positive for MMPs74). 
Thus, it is likely that some of the plaque-destabilizing 
effects of MMP activity in the vulnerable areas of 
plaques are derived from the suggested ability of 
MMPs to trigger microvessel leakage with ensuing 
intraplaque hemorrhage 75). Macrophages secrete 
MMP, hydrolytic enzymes including myeloperoxidase 
and tissue factor, which may increase the risk of arte-
rial thrombosis at the time of plaque rupture76-78).

Why Plaques Rupture ?
The volatile nature of an atheromatous plaque is 

responsible for approximately 60% of symptomatic 
carotid artery diseases and about 75% of acute coro-
nary events. Plaque rupture is more likely to occur in 
the region where the cap is the thinnest and infiltrated 
by foam cells. In eccentric plaques, the weakest point 
is mostly the cap margin or shoulder region. Examina-
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-9 supports the collagen break down87-92). However, 
the artery also possesses endogenous tissue inhibitors 
of metalloproteinases (TIMPs)93). It has been shown 
that atheromatous rather than fibrous plaques prefer-
entially exhibit type I collagen cleavage, occurring at 
sites that are rich in macrophages expressing both 
MMP-1 and -1392). Other proteinases capable of 
degrading ECM are cathepsin S and K94). However, 
cathepsins possess potent elastolytic activity and have 
been implicated more with matrix remodeling and 
migration and the proliferation of cells90). While elas-
tolysis may be more important in aneurysm forma-
tion, collagenolysis may be a major determinant of 
plaque rupture95). Although we believe that both col-
lagenolysis and elastolysis are important in the athero-
sclerotic process, the actual rupture event may reflect 
local factors related to blood flow dynamics96).

Concluding Remarks
Despite the complexity of advanced atherosclero-

sis a clear root cause exists, that is lipoprotein reten-
tion and oxidation lead to the initiation of an inflam-
matory cascade and immune interactions that pro-
mote lesion development to the point of acute throm-
botic complications and clinical events. Extensive 
understanding of the pathogenesis of this leading 
killer could lead to its eradication. It has the potential 
to identify targets that can be used for making early 
diagnosis using non-invasive imaging techniques and 
utilizing appropriate therapeutic interventions on the 
basis of the pathological stage of the disease. Apart 
from the LDL-lowering therapies, extensive research is 
required on the role of anti-inflammatory and/or 
immune-modulating drugs to target the inflammatory 
component of atherogenesis. Perhaps by combining 
these two treatment modalities the survival rate may 
improve.
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