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Atherosclerosis Is a Generalized Disease 
with Multiple Manifestations

Ischaemic 
stroke

Myocardial
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attack (TIA)

Angina:
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u Unstable

Peripheral arterial disease (PAD):
u Intermittent claudication Rest pain

Gangrene
Necrosis
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Ultimate success in culturing vascular ECs gave
birth to contemporary EC biology (17). The limited
proliferation of ECs in cultures frustrated the ability
to do large-scale experiments. The identification of
members of the fibroblast growth factor family, and
eventually of vascular endothelial growth factors,
provided tools that enabled the serial propagation
and passage of ECs (18,19). These enabling in-
novations gave birth to a burst of interest in endo-
thelial functions and their regulation in vitro.

Such studies unraveled tightly regulated homeo-
static properties of the normal, resting endothelium
that maintain vascular homeostasis (20). These attri-
butes include thromboresistance and the ability to
resist prolonged contact with blood leukocytes. Other
studies of arachidonic acid metabolites unraveled a
delicate balance between an antithrombotic prosta-
glandin termed prostacyclin elaborated from ECs, and
a prothrombotic prostaglandin, thromboxane A2,
derived from platelets (21). The use of inflammatory
substances such as bacterial lipopolysaccharide and
the advent of purified preparations of proin-
flammatory cytokines catapulted inflammatory acti-
vation of ECs to the fore (22).

The observations of Robert Furchgott added
vasodilation to the list of homeostatic endothelial
function (23). The discovery of endothelial-derived
relaxing factor, later recognized as nitric oxide,
opened new avenues of physiologic and pharmaco-
logic investigation. Translation to humans estab-
lished that atherosclerotic arteries of humans exhibit
impaired endothelial-dependent relaxation (24).
These findings led to a plethora of investigations,
experimental and human, focused on the regulation
of endothelial vasodilator functions. The notion of
abnormal function of a morphologically intact
endothelium supplanted the earlier concept of
denuding injury to the endothelium as a key
component of atherosclerotic lesion formation and
evolution.

A PERPLEXING PARADOX: WHY DO

ATHEROMATA FORM FOCALLY IN FACE OF

UNIFORMLY DISTRIBUTED SYSTEMIC

RISK FACTORS?

Subsequent studies inverted the concept that
disturbed flow elicits atherogenic endothelial func-
tions by positing that laminar shear stress favors
the expression of the palette of “atheroprotective”
functions of ECs (25). Laminar shear stress restricts
proinflammatory, prothrombotic, and prooxidant
properties of the endothelium. Activation of

transcription factors such as Krüppel-like factor 2
appear to orchestrate this suite of salubrious functions
of ECs that experience laminar shear stress (20,26).

None of the previous pathophysiologic insights
accounts for the propensity of atherosclerotic lesions
to form preferentially in certain locales when expo-
sure to traditional risk factors such as hypertension,
dyslipidemia, hyperglycemia, and the products of
cigarette smoking all should affect the vasculature
uniformly as the luminal lining of ECs encounter the
same flowing fluid phase of blood.

The union of fluid dynamic insights provided by
bioengineers and endothelial biologists helped to
resolve this apparent paradox. Regions of atheroma
formation, for example, at flow dividers or branch
points within the circulation, typically encounter
disturbed blood flow. Laminar shear stress (a force
parallel to the endothelial monolayer) generally as-
sociates with low propensity to form atheroma in
humans or in hyperlipidemic animals. Areas of flow
disturbance or low-shear stress colocalize with in-
flammatory activation, recruitment of leukocytes,
and lesion formation and complication. The molecu-
lar mechanisms of flow sensing, and the myriad
properties of ECs subject to regulation by hydrody-
namic conditions, as ably documented elsewhere,
exceed the scope of this review (27). Thus, the
merging of fluid dynamics and the study of endo-
thelial biology helped to understand how systemic
risk factors can lead to a disease with focal
manifestations.

FIGURE 1 The Atheromatous Plaque According to Virchow

This drawing by Virchow of a human atherosclerotic plaque shows atheromatous foam
cells (a’), and a layer of proliferating cells (p) with morphologic evidence of cell division
disclosed by mitotic nuclei. The figure depicts a layer of cells (h) beneath an intimal EC
lining (i) on the luminal surface. This depiction from mid-19th century illustrates the
lipid core (a, a’), smooth muscle involvement (p), a fibrous cap, and an intact
endothelial monolayer. Adapted from Virchow (1).
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The atheromatous plaque according to  Virchow, 
1858

INFLAMMATION LINKS TRADITIONAL RISK

FACTORS AND ALTERED BEHAVIOR OF

CELLS OF THE ARTERY WALL

Ross’ initial formulation of the response to injury
hypothesis depicted bland proliferation of SMCs in
response to denuding endothelial injury, leading to
platelet activation and PDGF release, as summarized
previously (Figure 3). Yet, morphological studies of
experimental hypercholesterolemia in the 1950s had
identified monocyte adhesion and macrophage accu-
mulation in forming lesions as key features of early
atherosclerosis (28). These early findings gained
support from ultrastructural investigations in the
1980s and led to a renewed interest in leukocytes as
mediators of altered arterial biology (29,30).

The advent of monoclonal antibody technology
improved the precision of cell-type identification.
Probing of human atherosclerotic plaques with such
reagents revealed a picture of immune inflammation
(31). These studies localized many monocytes
and macrophages in human lesions. In addition, cell

type–specific antibodies detected specialized cells of
the immune system, particularly CD4þ T cells, in the
lesions. Some of these immune cells displayed signs
of activation and of communication between immune
and vascular cells through cytokines and cell-surface
receptors (Figure 4) (32,33).

The elucidation of endothelial-leukocyte adhesion
molecules (17) and their regulation by inflammatory
mediators, provided molecular mechanisms by which
the activated endothelium could recruit blood leu-
kocytes. The identification of chemoattractant cyto-
kines and their receptors explained the entry of
bound cells into the intima (34). The expression of
retention factors such as netrin and semaphorins
could retard the egress of leukocytes from the artery
wall, favoring their accumulation (35). Mononuclear
phagocytes proliferate within the intimal lesions and
can thus accentuate leukocyte accumulation evolving
lesions (36). The recognition that intrinsic arterial
cells can express chemokines and cytokines as well as
respond to these mediators implicated inflammatory
activation of intrinsic vascular wall cells in lesion
initiation as well as in ongoing recruitment and acti-
vation of blood leukocytes (37–39). Clinical observa-
tions reinforced the possibility that inflammation
participates pivotally in precipitating the complica-
tions of atherosclerosis. The inflammatory cytokine
interleukin (IL)-6 and C-reactive protein (CRP)
induced by IL-6 provide sensitive systemic bio-
markers of risk for atherosclerotic events (40,41).
Studies that tracked the ability of CRP as a harbinger
of future cardiovascular events, even when adjusted
for traditional risk factors, supported the large body
of in vitro and in vivo experimentation implicating
inflammation in atherogenesis (42).

The inflammation in atherosclerosis that drives the
IL-1"IL-6"CRP axis can derive from multiple sources
(37). Two principally different, although inter-
connected, immune responses contribute to the in-
flammatory response in atherosclerosis (Figure 4).
The primitive and swift innate-immune response
recognizes only hundreds of structures through
binding to pattern recognition receptors (e.g., the
Toll-like receptors) by damage-associated molecular
patterns or pathogen-associated molecular patterns.
The phylogenetically more recent adaptive immune
response, in contrast to innate immunity, recognizes
many millions of structures by unique receptors on
each T or B cell clone. Among the triggers to inflam-
matory and immune activation in atherosclerosis,
oxidatively modified lipoprotein constituents have
received much attention (43). Yet, no antioxidant
intervention has improved outcomes in human
atherosclerotic patients.

FIGURE 2 A Foam Cell Lesion in a Cholesterol-Fed Rabbit

This drawing by Anitchkov portrays a foam cell-rich arterial lesion from a cholesterol-fed
rabbit. Note the intact endothelial monolayer (End.), the macrophages (Mf.), and the
cholesterol-laden phagocytes (Chol. Ph.), some with multiple nuclei. Bipolar spindle-
shaped cells (likely smooth muscle) reside beneath the cluster of foam cells. Adapted
with permission from Anitchkov (5).

Libby and Hansson J A C C V O L . 7 4 , N O . 1 2 , 2 0 1 9

From Focal Lipid Storage to Systemic Inflammation S E P T E M B E R 2 4 , 2 0 1 9 : 1 5 9 4 – 6 0 7

1598

A Foam cell lesion in a cholesterol-fed rabbit; 
Anitchkov , 1913

Atherosclerosis: a lipid storage disease

Libby P, Hanson GKH. JACC 2019; 74: 1594





https://www.ncbi.nlm.nih.gov/books/NBK305897/



(J Am Coll Cardiol 2020;76:1507–16) © 2020 by the American College of Cardiology Foundation.





ENDOTHELIAL DYSFUNCTION SUPPLANTS

DENUDATION AS AN EARLY EVENT IN

ATHEROGENESIS: A REVISIONIST VIEW

Rudolph Altschul presciently posited a key role for
the endothelium as supremely important in arterial
function. Sir William Osler stated, “A man is as old as
his arteries.” (Did women not have arteries in Osler’s
day?) Altschul reformulated this dictum by saying

that one is as “old as one’s endothelium” (16). In a
slim volume entitled Endothelium, Altschul in 1954
discussed the difficulty of culturing endothelial
cells (ECs) in vitro and the conjecture that ECs could
become fibroblasts in culture. This apparent
metaplasia of ECs likely resulted from an overgrowth
of hardier mesenchymal cells (e.g., fibroblasts,
SMCs, pericytes) that crowded out the more fastid-
ious ECs.

CENTRAL ILLUSTRATION Evolution of Concepts of the Pathogenesis of Atherosclerosis

Libby, P. et al. J Am Coll Cardiol. 2019;74(12):1594–607.

The diagrams represent the dominant formulation of mechanisms of atherogenesis as they emerged over time (clockwise). In the mid-19th century, Virchow and von
Rokitansky fueled a heated controversy regarding the role of incorporated thrombus in atherosclerosis (top pair of diagrams). The experiments of an Anitchkov and
many others lead to predominant view of atherosclerosis as primarily a lipid storage disease. This concept prevailed for much of the 20th century. The pioneering work
of Ross and of Benditt in the 1970s emphasized the role of smooth muscle proliferation in lesion formation. The initial formulation of the “response to injury”
hypothesis accorded an initiating role to endothelial denudation and did not invoke a role for inflammatory cells. Work in the 1980s and beyond used the evolving
tools of immunology to define operation of both innate and adaptive immunity in atherogenesis, coming full circle to Virchow’s older observations implicating
inflammation pathways in atherogenesis. Our current synthetic view of atherogenesis (center) encompasses elements of each of these pathogenic processes unraveled
through the years.
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Atherosclerosis: Evolution of concepts of its pathogenesis
Few dispute today the causal role of 
LDL in human atherogenesis

A long-asting exposure to higher
concentration of LDL furnishes a 
foundation for this disease

Endothelial dysfunction, 
inflammation, SMC proliferation & 
thrombosis play a key role in 
progression and instability of 
atherosclerotic plaques

LDL particles correlate with 
inflammatory biomarkers and can 
activate both innate and adaptive
immunity



between systemic inflammation and aggravation of
atherosclerosis. With age, somatic and acquired mu-
tations in bone marrow stem cells can yield clones of
leukocytes in peripheral blood that bear mutations in
the genes that drive acute leukemia. By the eighth
decade of life, more than 1 in 10 individuals will
harbor such clones of mutant leukocytes in peripheral
blood (54). The presence of these clones augments
the risk of developing acute leukemia, a condition
that generally requires the accumulation of several
mutations within the same clone. Yet, the toll of
increased mortality associated with clonal hemato-
poiesis far outstrips deaths attributable to acute leu-
kemia. Cardiovascular events account for much of

this gap in mortality (55). Most individuals who bear
these mutations will never develop acute leukemia,
hence the designation clonal hematopoiesis of inde-
terminate potential (CHIP). Several experimental ob-
servations provide evidence that increased operation
of the inflammatory pathway that involves the pro-
duction of active IL-1b via the inflammasome partic-
ipates causally in the aggravation of atherosclerosis
associated with certain mutations that cause CHIP
(TET2 and DNMT3A) (55,56). Another mutation that
causes CHIP, JAK2, augments lipid core accumulation
in experimental atheroma, and actives integrins
involved in leukocyte recruitment (57–59). The risk
for atherosclerotic events conferred by CHIP appear

FIGURE 7 Thrombosis: The Ultimate Complication of Atherosclerosis

Arterial thrombi cause acute coronary syndromes and many ischemic strokes. The propensity for platelet aggregation, the first step in
thrombus formation, is determined by the balance between the pro-aggregatory prostaglandin, thromboxane A2 (TXA2) that is produced by
platelets, and the anti-aggregatory prostacyclin (PGI2) produced by endothelial cells. The thrombotic potential of a plaque depends on the
production of tissue factor by macrophages or smooth muscle cells (SMCs) within the intima, the “solid state” of the plaque. Plasminogen
activator inhibitor (PAI-1) production by lesional cells in response to inflammatory stimuli inhibits these promoters of fibrinolysis. Endo-
thelial cells (ECs) can express thrombomodulin which can limit thrombosis, but inflammatory stimuli and regulation by Krüppel-like factor 2
can limit thrombomodulin expression by ECs reducing their baseline antithrombotic effects. ECs can also produce tissue type plasminogen
activator (tPA) and urokinase-type plasminogen activator (uPA) that can activate the fibrinolytic system. When inflammatory stimuli augment
its production, PAI-1 inhibits these promoters of fibrinolysis. Thus, an inflammatory state augments the thrombogenicity of the plaque by
boosting tissue factor expression, mutes the intrinsic anticoagulant effect of the normal endothelial monolayer, and combats fibrinolysis (an
effect that stabilizes clots). The consequence of a given plaque disruption, be it fibrous cap rupture (as depicted here) or superficial erosion
(not shown), depends not only on the solid state of the plaque, but also on the fluid phase of blood. Microparticles that bear tissue factor may
also contribute to the extension of thrombosis due to plaque disruption. Adapted with permission Libby and Theroux (80).
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Acute Thrombosis on a vulnerable atherosclerotic plaque
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The pathophysiology of coronary artery disease           

Khera & Kathiresan, Nat Rev 2017    

NOVEL RISK 
MARKERS:
Genetic and 
non-genetic















Schematic summary of the role and potential clinical uses of oxLDL and anti-oxLDL
antibodies in atherosclerosis

Le LDL nello spazio subendoteliale
delle pareti arteriose subiscono una 
modificazione ossidativa per 
formare oxLDL, un gruppo 
eterogeneo che comprende vari 
epitopi ossidativi specifici (OSE). 
Questi OSE possono essere 
riconosciuti dal sistema immunitario 
umorale. I monociti che sono migrati 
nello spazio subendoteliale, 
subiscono la trasformazione in 
macrofagi, che quindi assorbono 
oxLDL tramite recettori scavenger e 
diventano cellule schiumose. Le 
cellule schiumose svolgono quindi 
funzioni pro-infiammatorie e 
contribuiscono alla crescita della 
placca



When the endothelium becomes inflamed it expresses adhesion molecules that bind
cognate ligands on leukocytes. Selectins mediate a loose rolling interaction of leukocytes with
the inflammatory activated endothelial cells. Integrins mediate firm attachment. Chemokines
expressed within atheroma provide a chemotactic stimulus to the adherent leukocytes, directing
their diapedesis and migration into the intima, where they take residence and divide.

Initiation of atherosclerosis

EC

SMC
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matrix
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Macrophages augment the expression of scavenger receptors in response
to inflammatory mediators, transforming them into lipid-laden foam cells
following the endocytosis of modified lipoprotein particles.
Macrophage-derived foam cells drive lesion progression by secreting proinflammatory
cytokines. T lymphocytes join macrophages in the intima and direct adaptive immune
responses. These leukocytes, as well as endothelial cells, secrete additional cytokines
and growth factors that promote the migration and proliferation of SMCs. In response to
inflammatory stimulation, vascular SMCs express specialized enzymes that can
degrade elastin and collagen, allowing their penetration into the expanding lesion.

Progression of atherosclerosis



Inflammatory mediators can inhibit collagen synthesis and evoke the 
expression of collagenases by macrophage foam cells within the intima. 
This imbalance diminishes the collagen content of the fibrous cap, rendering it weak 
and rupture-prone. In parallel, crosstalk between T lymphocytes and other cell types 
present within lesions heightens the expression of the potent procoagulant tissue 
factor. Thus, when the fibrous cap ruptures, as illustrated in this diagram, tissue factor 
induced by inflammatory signaling triggers the thrombus that causes most acute 
complications of atherosclerosis. Clinically, this may translate into an acute coronary 
syndrome. 

Thrombotic complication of atherosclerosis



Caratteristiche della 
placca stabile ed instabile







Clinical Manifestation:
- tendon xanthomata

- xanthelasma
- arcus corneae

Associated with significant
mortality and morbidity

Cardiovascular disease in:
5% by age of 30

20% by age of 40
60% by age of 50
80% by age of 60

Nordestgaard et al., Eur 
Heart J 2013

ATEROSCLEROSI e GENETICA



Fisiopatology & Genetics

Polygenic forms

Other major genes?

Recessive forms <1%
(LDLRAP1)

Knowles 2013



T cell polarization in atherosclerosis

Le cellule T helper (TH) naïve acquisiscono 
il fenotipo completo di una cellula T 
effettrice nella placca dopo la 
presentazione di peptidi antigenici da ApoB
da parte delle cellule presentanti l'antigene 
(APC). Come risultato di segnali co-
stimolatori e citochine secrete dall'APC, le 
cellule T esprimono fattori di trascrizione 
che esprimono citochine specifiche che 
possono agire sia in modo ateroprotettivo
che pro-aterogenico. 



Decline of protective T-regulatory cells (Treg) in the course of atherosclerosis

I Treg esercitano le loro proprietà 
ateroprotettive secernendo la citochina 
antinfiammatoria IL-1070, TGF-β71 
stabilizzante la placca e sopprimendo la 
proliferazione delle cellule T-effettrici pro-
infiammatorie. 

Con il progredire della malattia, il pool di 
cellule T antigene-specifiche dominate da 
Treg viene sopraffatto dalle cellule T 
effettrici (Teff) con una funzione 
presumibilmente pro-aterogenica. Queste 
osservazioni hanno costruito il concetto di 
una crescente sostituzione dell'immunità 
(atero) protettiva con una risposta pro-
aterogena.



Distinct role of B cells in atherosclerosis

Le cellule B  si trasformano in cellule 
B1 o B2 . Le cellule B1 riconoscono gli 
epitopi sulle particelle LDL e oxLDL, 
che porta alla loro attivazione ed 
espressione di anticorpi IgM. 
Interferenza con la funzionalità B1 
aggrava l'aterosclerosi. 
Le cellule B2 richiedono la co-
stimolazione da parte delle cellule 
TFH per differenziarsi completamente 
in plasmacellule che esprimono 
anticorpi IgG ad alta affinità contro 
antigeni aterogenici, come ApoB, 
oxLDL o calore proteine d'urto (HSP). 
La neutralizzazione delle cellule B2 è 
ateroprotettiva, mentre il ruolo degli 
anticorpi IgG rimane controverso con 
le funzioni pro e anti-aterogeniche
riportate.



Ageing-related processes that promote atherogenesis: IL-6 as a 
potential shared pathway

L'invecchiamento 
promuove lo sviluppo e la 
progressione 
dell'aterosclerosi attraverso 
diversi meccanismi, che 
potrebbero essere correlati 
agli aumenti indotti dall'età 
dei livelli di IL-6 circolanti e 
intracellulari può anche 
avere effetti pro-
aterogenici direttamente 
sul sistema vascolare 
mediato da un aumento 
della produzione da parte 
delle cellule muscolari lisce 
vascolari 
(VSMC),dall'instabilità 
genomica mitocondriale e 
da un declino della 
funzione mitocondriale nel 
sistema vascolare. 



IL-6 as a potential therapeutic target in age-related 
atherosclerosis

L'IL-6 è sovraregolata in 
più tessuti che hanno 
ruoli importanti 
nell'aumento 
dell'aterogenesi con 
l'invecchiamento. 
Pertanto, il blocco dell'IL-
6 potrebbe essere una 
strategia terapeutica 
efficace per ridurre lo 
sviluppo e la progressione 
dell'aterosclerosi durante 
l'invecchiamento (studio 
CANTOS)







TAKE HOME MESSAGE (1)

• La diminuzione dei livelli di LDL e l'attenuazione della risposta infiammatoria 
rappresentano le due strategie terapeutiche fondamentali contro l'aterosclerosi oggi 
disponibili

• I farmaci di maggior successo sono gli inibitori della sintesi endogena del 
colesterolo da parte della HMG-CoA reduttasi (statine) che abbassano il 
colesterolo LDL , hanno effetti anti-infiammatori e possono persino 
invertire il carico della placca aterosclerotica. 

• Gli anticorpi monoclonali contro la proproteina convertasi subtilisina / 
kexina di tipo 9 (PCSK9) abbassano il colesterolo LDL in modo ancora più 
drammatico bloccando la degradazione delle LDL.

• Tuttavia, anche dopo l'abbassamento delle LDL con statine e l'inibizione di PCSK9, 
rimane un sostanziale rischio infiammatorio residuo. Queste osservazioni hanno
stabilito i ruoli distinti, ma sovrapposti, dell'infiammazione e del rischio associato ai 
lipidi. 



TAKE HOME MESSAGE (2)

• Il trattamento a basse dosi con il farmaco antiproliferativo e antinfiammatorio colchicina ha 
prevenuto eventi cardiovascolari in un piccolo studio clinico prospettico. Inoltre, lo studio sui 
risultati della trombosi antinfiammatoria Canakinumab (CANTOS) ha dimostrato che l'inibizione 
dell'infiammazione da parte dell'anticorpo per l'interleuchina 1-β (IL1-β) canakinumab ha 
ridotto gli endpoint cardiovascolari nei pazienti con aterosclerosi accertata del 15%. 

• il recente studio di riduzione dell'infiammazione cardiovascolare (CIRT) che ha testato il 
metotrexato antinfiammatorio a basso dosaggio in pazienti con malattia coronarica non ha 
raggiunto i suoi endpoint

• la vaccinazione e l'immunomodulazione possono fornire una futura terapia antigene-specifica 



Mens sana in corpore sano……..



PATOGENESI DELL’ATEROSCLEROSI:
La formazione della stria lipidica

Rappresenta la prima alterazione della parete vasale nello sviluppo dell’aterosclerosi,
ed è presente fin dalle prime decadi di vita. Si forma attraverso le seguenti tappe:
1. Penetrazione di LDL nella tonaca intima della parete vasale
2. Ossidazione e condensazione delle LDL (ox-LDL e AGEs)
3. Stimolazione delle cellule endoteliali e muscolari a produrre citochine pro-
infiammatorie che richiamano leucociti e monociti attraverso molecole d’adesione
(VCAM-1)
4. Penetrazione delle cellule mononucleate nell’intima richiamate da fattori
chemiotattici (MCP-1)
5. Trasformazione dei macrofagi in cellule schiumose per azione dell’MCS- F
(perdita dell’autoregolazione)
6. Formazione della stria lipidica



PATOGENESI 
DELL’ATEROSCLEROSI:
dalla stria lipidica alla placca stabile

• Se lo stimolo persiste la stria lipidica progredisce verso forme
aterosclerotiche più complicate, la placca fibro-lipidica

• • La trasformazione in placca è dovuta alla migrazione di
cellule muscolari lisce che secernono matrice extracellulare e
formano un cappuccio fibroso che separa il cuore lipidico dal
lume vasale (PDGF, bFGF)

• IL-1 e TNF-> PDGF e bFGF
• • Probabilmente stimoli meccanici (stress di parete)

determinano la secrezione da parte dei macrofagi e delle
piastrine di sostanza che stimolano la crescita delle cellule
muscolari lisce

• • La placca, a differenza della stria, protude nel lume vasale
determinando un ostacolo al flusso ematico



• L'aterosclerosi è una malattia infiammatoria cronica con una importante componente 
autoimmune

• La presenza di cellule T e B nella placca ha fatto nascere l'ipotesi che l'aterosclerosi includa 
una risposta autoimmune .

• il contenuto crescente della placca di cellule mieloidi e linfociti è correlato a complicazioni 
cliniche e può predisporre a futuri eventi tromboembolici causati da grandi infiltrati cellulari e 
un cappuccio fibroso sottile

• Di tutti i candidati che possono fungere da antigeni attivatori delle cellule B e T, i livelli 
plasmatici di LDL e la sua proteina centrale ApoB mostrano il più forte legame clinico e 
causale con l'aterosclerosi nell'uomo. Le particelle residue ricche di trigliceridi contenenti 
ApoB mostrano anche una forte associazione con CVD, infiammazione e vie immunitarie 

ATEROSCLEROSI E IMMUNITA’


