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Abstract: In the last twenty years, our comprehension of the molecular mechanisms involved in the 

formation, progression and complication of atherosclerotic plaque has advanced significantly and the 

main role of inflammation and immunity in this phenomenon is now largely accepted. Accumulating 

evidence highlight the crucial role of different inflammatory and immune cells, such as monocytes 

and T-lymphocytes, in the pathophysiology of atherosclerotic lesion, particularly in contributing to 

its complications, such as rupture or ulceration. According to the new terminology, “vulnerable 

plaque” identifies an inflamed atherosclerotic lesion that is particularly prone to rupture. Once dis-

rupted, prothrombotic material is exposed to the flowing blood, thus activating coagulation cascade 

and platelet aggregation, ultimately leading to acute thrombus formation within the coronary vessel. 

To date this is the key event underlying the clinical manifestations of acute coronary syndromes 

(ACS). 

The degree of vessel occlusion (complete vs. incomplete) and the time of blood flow cessation will 

define the severity of clinical picture. This phenomenon seems to be the final effect of a complex 

interaction between different local and systemic factors, involving the degree of inflammation, type 

of cells infiltration and the rheological characteristics of blood flow at the site of plaque rupture, 

thrombogenic substrates within the atherosclerotic lesion and different soluble mediators, already 

present or acutely released in the circulating blood. This article will review currently available data 

on the pathophysiology of ACS, emphasizing the immunological and inflammatory aspects of vul-

nerable plaque. We may postulate that intraplaque antigens and local microenvironment will define 

the immune-inflammatory response and cells phenotype, thus determining the severity of clinical 

manifestations. 
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INTRODUCTION 

 Coronary atherosclerosis is the anatomopathological sub-
strate recognized in nearly all cases of acute coronary syn-
drome (ACS) [1-3]. The term atherosclerosis describes a 
chronic inflammatory process involving almost all vascular 
districts.  Deposition of lipids and blood borne materials 
(also including white cells) within the intima of the vessels is 
essential for atherosclerosis formation [1]. Almost a century 
after the formulation of the “lipid hypothesis” of Virchow 
and the “incrustation hypothesis” of Rokitansky [4], Ross  
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defined atherosclerosis an inflammatory disease, character-
ized by specific cellular and molecular responses to an unde-
fined “noxa patogena” [5]. Accumulating evidence highlight 
the crucial role of local and systemic inflammation in plaque 
rupture and the subsequent thrombus formation. Therefore, 
to better describe these phenomena, the term athero-
thrombosis has been proposed [6]. One of the main charac-
teristics of the atherosclerotic disease is the silent progres-
sion. Clinical manifestations appear when vessel stenosis 
becomes severe to reduce coronary reserve. At this time 
symptoms of effort angina develop. Paradoxically, a com-
plete coronary artery occlusion may occur in absence of sig-
nificant myocardial necrosis if the occlusion progresses 
slowly and collateral vessels develop. This finding may be 
not infrequent in patients affected by chronic angina under-
going coronary angiography. However, there are patients 
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who suddenly develop a clinical episode of ACS. In the vast 
majority of these cases, plaque disruption, acute intracoro-
nary thrombus formation and abrupt coronary blood flow 
reduction occur. This represents the pathophysiological sub-
strate responsible for the conversion of coronary atheroscle-
rosis from a chronic disease to an acute medical emergency 
[2]. 

 The biological mechanisms underlying plaque complica-
tion are diverse and complex. Different local and systemic 
factors have been identified [7-9]. Inflammatory mediators 
and related pathways, immune system activation and T-cell 
derived effects [10] within the atherosclerotic lesion play a 
pivotal role in determining plaque vulnerability [11]. Disrup-
tion of the atherosclerotic plaque induces thrombogenic sub-
stances exposure to the flowing blood, mainly Tissue Factor 
(TF) that induces the activation of coagulation cascade and, 
as final event, platelet aggregation, leading to an intracoro-
nary thrombus formation [3]. The severity (complete vs. in-
complete occlusion) and the timing (persistent vs. transient 
occlusion) of this phenomenon are modulated by different 
local factors, such as plaque morphology and composition, 
and systemic factors already present or newly released in 
circulating blood [2, 12, 13]. The following cascade, plaque-
related tissue factor (TF) exposure, thrombin formation, 
platelet aggregation, fibrin deposition, inflammatory cytoki-
nes production, circulating procoagulant microparticles, and 
soluble tissue factor will define thrombus formation and 
propagation [9, 12, 14, 15].   

 The relationship between major cardiovascular risk fac-
tors (i.e. hypertension, diabetes, hypercholesterolemia, and 
smoking) and atherosclerotic disease has been reported by 
several epidemiological studies. However, the basic mecha-
nisms by which these risk factors induce lesion formation 
and lead to cardiovascular events have not been entirely elu-
cidated. Based on the data reported by our group and others 
in the last two decades, we believe that one of the potentially 
important mechanisms underlying the inflammation-
atherosclerosis-thrombosis trilogy is the degree of inflamma-
tion and the infiltration of immune cells, mainly macro-
phages and T-lymphocytes.  Within the atherosclerotic le-
sion, antigen-presenting cells (APC) modulate the immune 
response, thus defining plaque evolution. 

 This article will review currently available studies on the 
pathophysiology of ACS. Particular emphasis will be placed 
on the immunological and inflammatory aspects underlying 
vulnerable plaque, trying to explain the effects of inflamma-
tion and immunity in determining clinical manifestations of 
ACS. 

MORPHOLOGICAL SIDE OF ATHEROSCLEROSIS: 
ROLE OF LIPIDS 

 As already reported, early atherosclerotic lesions may 
develop even in childhood and adolescence. These observa-
tions came from several autoptical studies performed on in-
dividuals who died of non-cardiac causes in which fatty 
streaks were frequently seen during the histological exami-
nation [16]. Specifically, these data concluded that even in 
young adults (mean age, 36±14 years) who died of non-
natural causes, coronary atherosclerosis was reported in 82% 
of the individuals with 8% of them having significant ob-

structive disease [17]. However, despite the evidence of 
coronary atherosclerosis at pathology in the most of middle-
aged individuals in developed countries, it should be noted 
that the annual incidence of acute coronary events for indi-
viduals ≥40 years of age is relatively small (between 0.2% 
and 1%) [18]. The interaction between the genetic back-
ground and traditional risk factors, will define the fast or 
slow progression of atherosclerotic lesions. Other factors 
may be involved in the switch from chronic disease to acute 
event as suggested by the fact that the severity of coronary 
lesions does not correlate with the clinical occurrence of 
ACS: indeed, >70% of patients with ACS show a culprit 
coronary lesion <50% of luminal diameter at angiography 
[19, 20]. Thus, the available data suggest that the mere pres-
ence of a coronary atherosclerotic lesion is not enough for an 
acute coronary event to occur. 

 The initial step of atherosclerosis is endothelial dysfunc-
tion [8]. The endothelium exerts several biological activities. 
A dynamic autocrine and paracrine organ with anti-
inflammatory and mitogenic properties, contractile activities, 
as well as regulatory effects of the hemostatic process, by 
synthesis and release of nitric oxide (NO), the main media-
tors of these regulatory functions [21] have been considered. 
The traditional risk factors such as hypercholesterolemia, 
hypertension, advanced glycation end-products in diabetes 
mellitus, chemical irritants in tobacco smoke and the loss of 
shear stress at bending points and near bifurcations (probably 
for loss of tangential flow) are the principal factors of endo-
thelial dysfunction [22, 23]. The deposition of lipid material 
within the arterial wall is the consequence of an imbalance 
between the mechanisms responsible for the ‘influx’ and 
‘efflux’ of cholesterol [24]. The overtime accumulation of 
these materials with the subsequent thickening of the wall 
progressively reduces the residual lumen vessel, seriously 
compromising the blood flow, thus leading to ischemic 
events distal to the arterial stenosis [1]. At the initial stage, 
the disease progresses silently (“pre-clinical atherosclero-
sis”). Retention and modification of LDL particles and sub-
sequent accumulation of LDL derived lipids in the intima are 
the central pathogenetic events that promote atherosclerosis 
lesion formation [1]. Several reports suggest that oxidized 
LDLs (oxLDLs) represent the main trigger for the inflamma-
tory response in the arterial wall and it is traditionally 
thought to inhibit endothelial function. More recent data also 
suggest that oxLDLs may also have proangiogenic effects 
thus, linking hyperlipidemia, inflammation, and angiogenesis 
in atherosclerosis [25].  

 Circulating high plasma levels of LDL cholesterol are 
thought to be the major determinants for the influx and on-
site retention of LDL particles within the sub-endothelial 
layer [26]. The major protein component of LDLs is apopro-
tein B (Apo B). It seems to mediate the binding with the en-
dothelial cells surface via an ionic interaction with matrix 
protein including proteoglycan, collagen and fibronectin 
[27]. Proteoglycans are located between the basement mem-
brane of the endothelial cell and internal elastic membrane. 
The interaction between oxLDLs and proteoglycans (espe-
cially with those that contain side chains of chondroitin sul-
phate such as versican or byglican) is crucial in early phase 
of atherosclerosis, because of lipoprotein retention, intravas-
cular aggregation of LDLs leading to chemical modification, 
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and induction of inflammation [27]. LDLs sequestered in the 
intimal microenvironment became susceptible to modifica-
tion (including oxidation by lipoxygenase, myeloperoxidase 
and free radicals, or their enzymatic cleavage with proteoli-
tic, lipolytic and hydrolytic enzyme). The endothelium dam-
aged by LDLs may change its gene expression profile, 
probably through the activation of a common transcription 
factor (NF-kappa B), resulting in up-regulation of cell adhe-
sive molecules (CAMs,), particularly VCAM1 and a series 
of selectin (E-selectin – endhotelial- and P-selectin). These 
proteins interact with other proteic molecules on the surface 
of white cells (i.e. very late antigen 4 – VLA4) and will fa-
cilitate their adhesion [27-30].  

 Formation of an atherosclerotic plaque is considered an 
almost mandatory step in the occurrence of ACS [2]. How-
ever, the mechanisms by which a stable lesion becomes un-
stable are complex and remain partly elusive. Based on the 
several reports by our group and others, the contribution of 
local and systemic inflammation and involvement of im-
mune-competent cells seems to play a pivotal role in this 
conversion, with both natural and adaptive immunity being 
magna pars of this phenomenon [3, 4, 11, 31]. This hypothe-
sis is supported by many functional as well as morphological 
studies. On this matter, it has been shown that ruptured 
plaques contain more inflammatory and immune cells than 
intact plaques [11, 31]; these cells often infiltrate the athero-
sclerotic lesion adjacent to the site of fibrous cap rupture and 
around the lipid core, as well as in the adventitia around ar-
eas of neovascularization, suggesting a causative role in 
plaque complication [15]. By the morphological point of 
view, vulnerable plaques (i.e. prone to rupture lesion) are 
often large in size with associated expansive arterial remod-
elling. Most frequently they show a thin-cap fibroatheroma 
(TCFA), characterized by a large lipid or necrotic core sepa-
rated from the coronary arterial lumen by a thin membrane 
cap. Infiltration of immuno-inflammatory cells in the fibrous 
cap and adventitia, increases plaque neovascularity, thus 
intraplaque haemorrhage may occur [14, 15]. Inflammation 
and immune cell activation may be crucial in plaque compli-
cation. First, because of its involvement in the fibrous cap 
rupture through release of collagen degrading enzymes, such 
as metalloproteinases (MMPs), thus inducing loss of colla-
gen. Second, inflammation seems to be also responsible for 
the death of collagen-synthesizing smooth muscle cells, fur-
ther contributing to loss of fibrous cap integrity [11, 14, 32].  

INFLAMMATORY SIDE OF ATHEROSCLEROSIS: 
SYSTEMIC VS. LOCAL INFLAMMATORY PATH-

WAYS. 

 Since the first report by Ross et al. highlighting the in-
flammatory “face” of atherosclerosis [5], different epidemi-
ological evidence exploring this aspect, have clearly demon-
strated that systemic levels of inflammatory markers, such as 
C-reactive protein (CRP), may be useful prognostic tools for 
the prediction of major cardiovascular events (MACE) in 
patients with known cardiovascular disease as well as in ap-
parently healthy subjects [33-37]. However, despite the 
emerging role of CRP and other inflammatory mediators as 
systemic prognostic markers, more recent studies have fo-
cused on the “inflammatory status” at the site of atheroscle-
rotic plaque as major determinant in plaque destabilization 

[8, 38]. These data have been confirmed by the discovery 
that CRP may be released not only from hepatocytes but also 
from other different cell types [39-41]. Taken together with 
previous observation from our group and others [38, 42, 43], 
regarding the active production of CRP within the coronary 
circulation of ACS patients and in cerebrovascular patients, 
the main question raised was related to the possible local 
effects exerted by CRP on the different cellular components 
of the atherosclerotic lesion. By biological and molecular 
point of view, CRP may promote endothelial function induc-
ing adhesion molecules [44-47], favouring a pro-atherogenic 
phenotype via expression of TF [48], releasing MCP-1 [49] 
and other inflammatory cytokines [50, 51], increasing iNOS 
and superoxide production and decreasing eNOS, prostacy-
clin and tPA expression in endothelial cells [45, 52]. The 
impact of CRP levels on plaque rupture seems also to be 
related to the expression and release of MMPs, mainly the 
isoforms 2 and 9. In this regard, our group has reported a 
direct effect of CRP in releasing MMPs in cellular compo-
nents of atherosclerotic plaque in vitro and in ACS patients 
in vivo [53], highlighting the linear correlation between CRP 
and MMP-9 intracoronary levels. Interestingly, the release of 
enzymes-degrading extracellular matrix may be amplified by 
platelets. As reported by our group, in ACS patients platelets 
may release MMP-2 at the site of lesion destabilitazion [54]. 
CRP circulates in a pentameric form that mainly sustains an 
anti-inflammatory innate immune response. Once dissociated 
in monomeric form, CRP exerts potent proinflammatory and 
prothrombotic actions. This conversion seems to be induced 
by activated platelets at the site of plaque rupture, thus fa-
vouring local inflammation [55, 56].   

IMMUNOLOGICAL SIDE OF ATHEROSCLEROSIS: 
ROLE OF IMMUNE CELLS 

 A highly dynamic and coordinated immune response 
occurs in atherosclerosis as well as in ischemic cardiac tissue 
[57], which is dependent not only on macrophages but also 
on leukocytes, both resident and newly recruited from the 
blood flow. Infiltration of immune-competent cells within 
coronary lesions has been reported by our group [58] and 
others [59, 60], thus indicating their contribution to plaque 
vulnerability [11, 61]. Macrophages are the prototypical cells 
of innate immunity and they progressively accumulate since 
the initial stage of plaque formation, ingesting lipids and 
releasing inflammatory mediators that act orchestrating the 
local and systemic immunological response [62]. Blood-
borne monocytes are recruited upon endothelial activation 
following stimulation by modified lipids and other factors in 
the intima. The importance of these effects is supported by 
animal models of atherosclerosis, in which prevention of 
monocytes entry by blocking receptors or their chemokines 
retards atherosclerotic plaque formation [63]. Once recruited 
in the sub-endothelium, monocytes become macrophages or 
dendritic-like cells [11, 62]. Different subtypes of monocytes 
have been identified: 1) the “classic” proinflammatory 
CD14

++
/CD16

−
 monocytes, or Mon1, characterized by the 

expression of CCR2 (receptor for MCP-1), CD62L, CD64, 
andCD115; 2) the “nonclassic” or resident CD14

+
/ CD16

++
 

monocytes, or Mon3, who express the receptor for frac-
talkine (CX3CR1) and are involved in reparative processes; 
3) the recently described “intermediate” CD14

++
/CD16

+ 
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monocytes, or Mon2, who express high levels of CCR2, 
CX3CR1, and CD115, and possible involvement in inflam-
mation [64]. In the last few years some reports have corre-
lated the monocytes phenotype with cardiovascular out-
comes. One study suggested that CD14

++
/CD16

-
  monocytes 

predict adverse future cardiovascular events [65], while an-
other report highlights only the role of CD14

++
/CD16

+
 sub-

population [66].   

 Moreover, the effects of local factors may influence 
macrophages heterogeneity, particularly the proinflammatory 
phenotype (M1) versus those involved in resolution and/or 
repair (M2), also called alternatively activated [62].  Both of 
these phenotypes may be found during the atherosclerotic 
process [67]. In this regard, macrophages-loaded cholesterol 
becomes proinflammatory cells most probably for the en-
richment of free cholesterol in plasma membrane inducing 
an intracellular inflammatory signalling [68], or for a direct 
action of oxidized lipoproteins [62]. This kind of stimulation 
induces M1 polarization. Because of production and release 
of a wide range of cytokines, reactive oxygen species and 
toxic nitric oxide, M1 macrophages promote atherosclerotic 
progression and complication [69]. Beyond M1/M2 polariza-
tion, other macrophages subtypes have been identified in the 
atherosclerotic lesion, such as M4, HA-mac, M(Hb) and 
Mhem with distinct functions and properties [70].  

 The rescue from global and local inflammation as well as 
the reduction in macrophages infiltration in the arterial wall 
during lipid lowering therapy or HDL raising treatment has 
been reported [71-73], confirming the role of cholesterol in 
this effect. Another prominent feature of atherosclerotic 
plaques seems to be macrophage apoptosis. The available 
data indicate that in the early stage of atherosclerosis, macro-
phages apoptosis exerts an inhibitory effect, while in 
advance stage it supports vascular inflammation by promot-
ing further monocytes recruitment and cytokines release, 
thus favouring disease progression [74].  

 Once activated within the atherosclerotic lesion, macro-
phages become a source of inflammatory mediators that am-
plify the inflammatory cycle by recruiting more macro-
phages as well as B and T-lymphocytes [31, 75]. Although 
numerically T-cells represent a minority of the leukocytes 
present in plaques, several reports support their decisive 
regulatory role within atherosclerotic lesion [76]. Specifi-
cally, as master cells of the adaptive immune response, they 
act like as the director of an orchestra, instructing the more 
abundant monocytic effectors of the innate immune response 
[11, 77]. On the other hand, recruitment of T-cells perpetu-
ates the inflammatory process via release of other cytokines, 
thus amplifying local inflammation. The antigen presenting 
cells infiltrating atherosclerotic lesions plus the soluble me-
diators released upon in loco activation of macrophages may 
act simultaneously inducing T-cells polarization in different 
subsets [78]. This differentiation appears to be of great im-
portance in determining plaque destiny, because some linea-
ges exert more pro-inflammatory effects (Th1 and Th17 
cells), while others act as negative regulators of inflamma-
tion (Treg and Th2 cells)

 
[11, 79]. Thus, based on the avail-

able evidence, T-cell activation and the balance between the 
different subsets are thought to be a crucial mechanism in the 
pathophysiology of plaque vulnerability [14, 32], thus show-

ing a causative role in ACS as schematically illustrated in the 
Fig. 1 [80]. In this regard, a report from Liuzzo et al. showed 
that patients presenting with unstable angina displayed an 
increased number of T-cells producing large amounts of 
IFN-γ in peripheral blood, whereas patients with stable an-
gina did not [59, 60]. Moreover, the authors stated that the 
presence of some circulating clonotypes in the tissue was not 
random but a selective recruitment. This was one of the first 
studies supporting the hypothesis of selective expansion of 
T- lymphocytes in patients with ACS most probably for a 
continuous antigenic stimulation [60]. Other studies were 
proposed to characterize specific T-cell subsets in different 
settings, such as investigating cytotoxic T-cells function in 
peripheral blood of ACS patients, [81], culturing T-cells 
stimulated with plaque homogenates supplemented with dif-
ferent growth factors [80], or evaluating T-lymphocytes in-
filtration of plaque at autopsy [59]  However, although those 
reports have been considered a milestone in improving our 
knowledge in the role of immune system in atherosclerosis, 
as they have shifted the focus on T-cell activation and, over-
all, on immunological response, as potentially crucial 
mechanisms of coronary plaque vulnerability, they have the 
important limitation that no direct evaluation of T-cells dy-
namics within atherosclerotic lesion can be derived. 

 Probably, the most compelling evidence of T-cell in-
volvement in plaque complication derives from our study 
[58] in which using directional coronary atherectomy 
(DCA), we collected specimens of atherosclerotic plaques 
from living patients during a coronary acute event. This ap-
proach has offered the opportunity to study directly the “cul-
prit lesion” documenting that a specific, immune-driven re-
sponse and inflammatory pathways occur within the unstable 
plaque of patients presenting with ACS, as indicated by the 
following results: first, unstable plaques show much greater 
T-cell content than plaques from stable patients; secondly, 
TCR rearrangement occurs at higher extent in unstable 
plaques compared to stable lesion; finally, and perhaps most 
importantly, contemporaneous evaluation of T-cell repertoire 
in coronary plaques as well as in peripheral blood gave us 
the opportunity to specifically demonstrate that in the major-
ity of patients a specific oligoclonal T-cell expansion occur 
exclusively within the culprit lesion, and not in the periph-
eral blood. This study has been the first direct observation of 
the existence of specific local immune-inflammatory re-
sponse, which may occur independently of the systemic im-
munological activation. Moreover, the evidence that in some 
ACS patients similar patterns of T cell repertoire were found, 
might indicate a selective expansion driven by a given intra-
plaque antigen. Lessons from malignancy studies have re-
vealed that the TCR repertoire reflects the clonality of the 
malignant cells and is therefore monoclonal [82], thus trans-
lating these findings to our data, we may postulate that the 
specific T-cells selection within the vulnerable plaque be-
cause of TCR rearrangement is associated to an “aggressive” 
disease.  

 To date, the putative antigens responsible for this local 
activation remain areas of active investigation [31]. Modified 
lipoproteins, such as oxLDLs, have been proposed as major 
determinant in T-cells activation [83-85]. Once processed 
within atherosclerotic lesion, oxLDLs may be presented to 
naïve T-lymphocytes by dendritic cells, thus inducing differ-
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entiation via MCH-TCR interaction based on the costimuli 
already present in the lesion environment. According to this 
polarization, plaque stability or progression will be defined 
in Fig. 1. 

 In the last few years, intensive research has focused on a 
novel subset of Th-cells known as Th-17. Once activated and 
differentiated in this lineage, T-cells exclusively produce 
large amounts of IL-17s and other small soluble factors such 
as IL-21, granulocyte–macrophage colony-stimulating fac-
tor, and IL-6 [86]. In vivo, Th-17 cells originate from a small 
subset of CD161

+
 T-cell precursors, which polarize into Th-

17 cells upon IL-1β plus IL-23 stimulation. To date the role 
of Th-17 cells has been proven in certain human autoim-
mune diseases and other chronic inflammatory disorders, but 
their involvement in the pathogenesis of atherosclerosis is 
still a matter of debate. Controversial issue has been pub-
lished in this field. Some studies have reported that blocking 
IL-17 pathway may attenuate atherosclerosis progression 
thus stabilizing vulnerable plaque [87-89], other reports have 
correlated IL-17 signalling with lesion complication and 
acute event [90, 91]. In this regard, a report from our group 
has shown that increased levels of transcoronary IL-17 and a 
higher number of Th-17 cells were found in the blood col-
lected from the coronary sinus of an ACS patients subgroup 
presenting with a more severe disease at admission as dem-

onstrated by the higher levels of troponin, as compared to 
patients with stable angina. This data supported the other 
published studies on the possible contribution of Th-17 cells 
in determining a more severe disease [90].  

 More interestingly, we have recently linked the activity 
of T-lymphocytes to the athero-thrombotic process. Specifi-
cally, we have shown that in vitro activation of T-cells by a 
combination of IL-17 plus INF-γ may induce the expression 
of functional TF. These findings may be of a clinical impor-
tance because this effect has been observed also in vivo in 
circulating T-cells isolated from the coronary circulation as 
well as in thrombotic material aspirated from the occluded 
vessel of patients presenting with ACS [92].  

 As summary of the most recent advances in the involve-
ment of the immune-inflammatory pathways during acute 
myocardial infarction, an “inverted pyramid” model has been 
proposed [93]. Although it is a simplistic view, this theory 
tries to explain the damaging effects of an uncontrolled in-
flammatory response putting together basic research, pre-
clinical and clinical data, as well as findings derived from 
non cardiac studies. At the “inverted apex” of pyramid the 
Treg lymphocytes are included [94]. On the next level the 
proinflammatory Th1, the antiinflammatory Th2, and the 
autoaggressive CD4

+
CD28

null
 cells are positioned [95]. 

Fig. (1). Within the atherosclerotic plaque, antigen-presenting cells modulate the immune response, which may play a key role in the in-

flammation-atherosclerosis-thrombosis trilogy. In detail, dendritic cells polarize naive T-lymphocytes into different effector T cells through 

antigen presentation to the T-cell receptor (TCR), secretion of cytokines, and costimulation. Th1, Th2, or Th17 cells are categorized by the 

transcription factors they express and the cytokines they release. The interaction between the various T-cell subsets involved in atherosclero-

sis remains a complex phenomenon. Th1 and Th17 seem to be associated to a progression/destabilization of atherosclerotic lesion. Th2 and 

Treg are linked to regulatory/inhibitory effects.  
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Based on this model, Treg exerts a suppressing effect on Th-
1, an enhancing function on Th2 and inhibitory properties on 
the autoaggressive cells. Thus, failure of these activities will 
result in a proinflammatory disequilibrium of the Th1/ Th2 
state [96] and expansion of CD4

+
CD28

null
 cells [95]. As re-

ported by our group [7, 58, 90] and others [59, 60, 80], the 
acute event exacerbates further the proinflammatory state, 
bringing to the next level of the model in which the cytoki-
nes storm will induce pleiotropic inflammatory response. At 
this step, modulation of monocytes and neutrophils function, 
as well as downstream products will occur, generating an 
uncontrolled immune response [93]. As final event at the 
highest level of the pyramid, plaque complication, vascular 
obstruction, myocardial ischemia, and clinical events will 
take place. Based on this theory, homeostasis of Treg is es-
sential [94]. Conventional and non conventional cardiovas-
cular risk factors might reduce Treg activity that during acute 
myocardial infarction will be further demodulated, thus 
worsening the outcome. 

INTERPLAY INFECTION-INFLAMMATION-
AGGREGATION 

 Some epidemiological observations have linked respira-
tory tract infections with an increased risk of acute cardio-
vascular events [97]. Specifically, in patients presenting 
mainly with pneumonia infection, elevation of platelet acti-
vation biomarkers may occur, suggesting that platelet over-
activation may be responsible for the cardiovascular events 
recurrence [98]. By the mechanistic point of view, it may 
postulate that platelets interact directly with bacteria or with 
lipopolysaccharide (LPS) on Gram-negative bacteria surface, 
resulting in platelet activation and aggregation and, eventu-
ally, thrombus formation [99]. 

CONCLUSION 

 Involvement of immunity in all stages of atherosclerosis 
is now largely accepted by the scientific community. Contri-
bution of macrophages is defined while the role of T-
lymphocytes is still under investigation. T-cells have a cru-
cial role in plaque progression and complication. Based on 
the plaque environment (i.e. activating antigens), local re-
lease of cytokines and other soluble factors, they become 
polarized, thus defining the destiny of atherosclerotic lesion. 
Further studies are required to better understand the molecu-
lar mechanisms underlying antigen processing, local re-
cruitment of T-lymphocytes and modulation of the immune 
response. Shedding more light on this field will be of great 
importance to develop future specific therapy, such as an anti 
atherosclerotic vaccine.    
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