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Editorial

Several anatomic and clinical studies have demonstrated that acute
myocardial infarction (AMI) and cerebrovascular accidents are due to
thrombosis and rupture of a vulnerable atherosclerotic plaque, rather
than to the degree of stenosis [1-3]. Many efforts have been recently
made using non-invasive imaging techniques [4-7] for identifying
plaques at high risk of disruption leading to thrombosis, generally
defined as “vulnerable plaques” [8,9]. Unlike the stable plaque that
shows a chronic inflammatory infiltrate, the vulnerable and ruptured
plaque is characterized by a chronic “active” inflammation. The “active”
inflammation is mainly represented by T-lymphocytes and macrophages
which are activated towards a pathway of inflammatory response and
secrete cytokines and lytic enzymes which in turn cause fibrous cap
thinning predisposing the plaque to rupture [10-13]. Moreover, some
pathologic, clinical and angiographic observations seem to suggest
the possibility that the principal cause of coronary instability is not to
be found in the vulnerability of a single atherosclerotic plaque, but in
the presence of multiple vulnerable plaques in the entire coronary tree
[12], associated with a widespread inflammatory process consisting of
macrophagic cells and activated T lymphocytes [11].

The adaptive immune response has a crucial role in determining the
progression and regression of the atherosclerotic disease. A critical role
in leading both an immune pro-atherogenic- and a protective response
is played by T CD4+ lymphocytes sub-population. The selective
recruitment of a specific subtype of CD4+ cells plays a major role in
the transformation of a stable plaque in a vulnerable or ruptured one
[10,14]. Past studies have described two subtypes of CD4+ cells with
a juxtaposed role, namely Thl and Th2 cells [15]. Thl cells secreting
pro-inflammatory cytokines, such as IFNg, promote macrophage
activation, inflammation, and atherosclerosis [16], whereas Th2 cells
(cytokine pattern IL-4, IL-5 and IL-10) mediate antibody production
and generally have anti-inflammatory and anti-atherogenic effects
[17]. Later, a third subset of CD4+ cells, called Th17, producing IL-17,
has been described [18,19]. While the function of these cell subtypes
is not completely elucidated, experimental studies suggest that Th17
cells are highly pro-inflammatory and may play an important role in
the autoimmunity and in host defense against extracellular pathogens,
which are not efficiently cleared by Thl-type and Th2-type immunity.
Indirect evidences however suggest a possible involvement for such
effector T cell subset in the acute cardiovascular diseases. Patients
with AMI and unstable angina show an increased amount of Th17
cell, Th17 related factors such as IL-17, IL-6, IL-23 [20]. Recently, the
role of regulatory T cells (Tregs), a sub-population of CD4+ Tcells, in
atherosclerosis, has been also pointed out. Tregs play a central role in
inducing and maintaining immunologic tolerance [14]. Deficiency
or dysfunction of these cells lead to autoimmunity or aggravated
pathogen-induced inflammation [14]. An important population of
Tregs is formed by the CD4+CD25+ regulatory T cells which express
the transcription factor FOXP3 (Forkhead Box Protein P3) [21]. It was
shown that the amount of Tregs is decreased in the peripheral blood
of patients with acute coronary syndromes [20]. However, the in situ
presence of Th17 and Tregs in human atherosclerotic plaques has not
been well investigated and the function of novel subsets of T cells (Tregs
and Th17) in plaque progression remains largely unknown. Also the

role of the humoral response in the development of atherosclerosis
remains to be clarified. However, it has been hypothesized that Thl-
type immune responses promote disease, whereas humoral immunity
has protective effects [22]. This hypothesis is supported primarily by the
observation that treatment with anti oxLDL inhibits atherosclerosis in
experimental models [22]. A reduction of size of atherosclerotic lesions
has been observed also with anti CD20 antibody in mice. Studies in
humans are scarce and contradictory.

Despite the significant increase in our knowledge of the role of
inflammation in the atherosclerosis there are a number of issues to be
solved.

First, several studies have demonstrated that inflammation
plays a key role in the inception, progression and destabilization
of atherosclerotic plaques and in the occurrence of acute clinical
syndromes. However, recent observations, mostly experimental,
hypothesize that the activation of the immune response not only
promotes disease (adaptive immunity) but has also protective effects
(humoral immunity).

Second, it can be hypothesized that, regardless of the type of
causative agent, the changes in the adaptive immune response play a
fundamental role in atherosclerotic disease progression and regression.
In this setting, data available in literature are incomplete. T-cells are not
only the major effectors of cell mediated immunity, but are obviously
involved in antibody responses and therefore require deeper insight.
A very important role, not yet well studied, is that of dendritic cells,
namely cells specialized in antigen presentation with a key role in the
induction of primary immune response and in the regulation of T
lymphocytes differentiation, as well as in mechanisms of central and
peripheral tolerance aiming at the elimination of T lymphocytes that are
potentially self-reactive towards self-antigens [23]. In this contest also
the pro-inflammatory functions of platelets on atherosclerosis need to
be better outlined. Platelets are able to interact with a large variety of cell
types implicated in the pathophysiology of vascular inflammation and
to transport and synthesize cytokines, chemokines, and lipid mediators,
thereby favoring the development of atherosclerotic disease.

Third, the role of M1 and M2 macrophage subpopulations in
various states of evolution of atherosclerotic plaque is not yet been
completely clarified [24]. Investigators have hypothesized that
monocytes will differentiate into specific macrophage subpopulations
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in response to alternative cytokine environments [25,26]. Classic
MIl-activated macrophages are part of polarized Thl responses and
are known to play a pivotal role in the progression of atherosclerosis.
Alternative macrophage activation (M2), originally discovered as a
response to IL-4, is oriented to the promotion of tissue remodeling and
angiogenesis [25]. Patients with coronary artery disease have higher
percentages of M1 monocytes than healthy cohorts, while normal
coronary intimal vasculature predominantly contains M2 resembling
macrophages [24-26]. The question that still remains to be answered is:
are all monocytes recruited, or do subsets with specific functions exist,
and does recruitment depend on the stage of the lesions?

Fourth, the role of humoral immune response in atherogenesis
remains to be clarified. Although some clinical and epidemiological
studies have found positive correlations between the presence of
antibodies specific intraplaque antigens such as oxLDL and the
progression of atherosclerosis, other studies have not detected any
correlation. However, it was assumed that the humoral immunity has
protective effects, likely through the elimination of antigens before
they reach plaques, as demonstrated by several studies showing that
splenectomy increases atherosclerosis in Apoe-/- mice. This hypothesis
is supported by the observation that treatment with oxLDL antibodies
inhibits atherosclerosis in experimental models. Similarly, IL-2/anti-
IL-2 mAb treatment in vivo attenuates atherosclerosis via selective
Tregs expansion [27].

Recent advances in understanding the immune and humoral
responses involved in the various evolutionary phases of atherosclerotic
disease may better clarify the pathogenetic links between plaque
inflammation and atherosclerosis progression and regression, and to
identify new possible targets for atherosclerotic plaque stabilization.
Recent trials using novel therapeutic approaches aimed at modulating
plaque inflammation, such as Interleukin-1f inhibition [28], support the
idea that modulation of immune responses may reduce inflammatory
damage and enhance plaque healing and stabilization.
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