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Abstract

Atherosclerosis is a pathological process occurring in the major
arteries that leads to many cardiac disorders. The development
of atherosclerotic lesions can be regarded as a modified form
of chronic inflammation which is multi factorial. This review
briefly discusses the factors that influence the growth and
development of atherosclerotic lesions. It also focuses on the
recent advances in diagnoses. Finally the review summarizes
the major and recent therapeutic strategies that are used for
the treatment of atherosclerosis.
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Introduction

Atherosclerosis represents the leading cause of morbidity and
mortality in industrialized countries. It was initially defined as a
process caused by the passive accumulation of lipids in the vessel wall,
whereas nowadays it is considered as a complex condition where
multiple pathogenic factors contribute to trigger and sustain vessel
wall damage [1]. Experimental studies have clearly demonstrated that
atherosclerosis is a progressive inflammatory process that frequently
affects large- and medium-sized arteries leading to cardiovascular
diseases such as coronary heart disease (CHD) and stroke [2].

Factors that influences atherosclerotic lesions

Inflammation plays a key role in all stages of the pathogenic
process, including formation of atherosclerotic plaques consisting of
necrotic cores, calcified regions, accumulated modified lipids, and
inflamed smooth muscle cells (SMCs), endothelial cells (ECs),
leukocytes, and foam cells. The imbalance between anti-inflammatory
mechanism and pro-inflammatory factors, in favor of the
proinflammatory factors, would result in the progress or rupture of
atherosclerotic plaque [2-4].

The pathophysiology of atherosclerosis is multi factorial.
Hyperlipidemia, critical condition of elevated lipid levels in the body,
is considered a major classical risk factor resulting in the development
and progress of atherosclerosis. A variety of risk factors have been

found to be associated with hyperlipidemia like cholesterol rich food,
overweight, alcohol abuse, diabetes and stress [5].

Clinical and experimental data have demonstrated that cells of both
the innate (monocyte-derived macrophages and dendritic cells) and
the acquired immune system (T and B lymphocytes) are implicated in
the atherogenic process, producing a wide array of cytokines that can
exert both pro and anti-inflammatory effects [6-8]. Several studies
have implicated the role of these cells in progression and
destabilization of the atherosclerotic plaque [9,10]. Deficiency in both
T and B cells determines a reduction in atherosclerotic lesion
development, as shown in apolipoprotein (Apo) E-deficient mice
[11,12]. In accordance with these results, transfer of CD4* T cells
aggravates atherosclerosis in immunodeficient ApoE knockout mice,
indicating a proatherogenic role for T cells [13].

Furthermore, the majority of pathogenic T cells in atherosclerosis
are of the Thl profile, producing pro-inflammatory mediators such as
IFN-y and activating macrophages [14,15]. Thl-driven responses are
detrimental to the atherosclerotic process. IFN-y inhibits the synthesis
of collagen by the vascular smooth muscle cells, damaging the
protective thick fibrous cap of the plaque. It also activates monocytes/
macrophages and dendritic cells, leading to the perpetuation of the
pathogenic Thl response [16]. Deficiency in IFN-y or in its receptor
significantly reduces lesion development and enhances plaque collagen
content, whereas exogenous administration of IFN-y enhances lesion
development [17].

A recent category of auto antigens that have been implicated in
atherosclerosis are the stress-induced heat shock proteins (HSPs) [18].
HSPs act as molecular chaperons facilitating refolding of denatured
proteins in stressed cells and increase in response to many
environmental stresses, including oxidative stress [19]. Under stress
conditions, HSPs are expressed not only within cells, but also on the
cell surface and can be released into the intercellular space. In
atherosclerotic lesions, human HSPs appear to stimulate an immune
response leading to the development and progression of
atherosclerosis [20-22]. Antibody levels against HSP60/65 are
increased in subjects with cardiovascular disease and are associated
with disease outcome. Recently, human HSP90 was reported as a
possible auto antigen involved in the pathogenesis of carotid
atherosclerosis [23].

Diagnosis and assessment of severity

Multiple methods have been wused in the assessment of
atherosclerosis beginning from catheterization, carotid intima-media
thickness, analysis of flow-mediated vaso dilation, X-ray contrast
angiography, ending by the most recent ones like intravascular
ultrasonographic and molecular imaging with positron emission
tomography.

Catheterization is the gold standard for diagnosis of atherosclerosis,
but it is relatively expensive and carries significant risk. Evidence
accumulated over the last 15 years demonstrates that subtle increases
in biomarkers of inflammation (such as C-reactive protein, CRP) can
augur prospective cardiovascular events in apparently well people
[24,25]. Among inflammatory molecular mediators, a key role is
played by cytokines and chemokines, which modulate all aspects of
vascular inflammation by altering the proliferation, differentiation,
and function of vascular and immune cells. These regulatory
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mediators and their receptors have been demonstrated in
atheromatous tissue where they modulate plaque morphology and
stabilization [26].

Several studies have demonstrated that serum levels of pro-
inflammatory T helper (Th) 1-related cytokines positively correlated
with the severity of atherosclerotic disease [27,28] In particular, high
circulating levels of tumor necrosis factor (TNF)-a and interleukin
(IL)-6 were predictors of incident coronary and cardiovascular events,
whereas high levels of the anti-inflammatory cytokine IL- 10 were
associated with a significantly improved outcome of patients with
acute coronary syndromes [27-29]. Moreover, prospective
epidemiological studies found increased risk of incident or recurrent
coronary heart disease associated with increased baseline levels of
monocyte chemo-attractant protein- (MCP-) 1 [30]. Elevation of IL-18
and IL-2 serum levels in carotid atherosclerosis revealed an association
of these cytokines with intimae media thickness [31-33].

Carotid intima-media thickness (CIMT), recorded with B-mode
sonography, is an important marker to quantify atherosclerotic burden
in the common carotid artery (CCA). The last twenty years, the value
of CIMT-measurement for risk estimation of atherosclerotic events
(for e.g., myocardial infarction, stroke, and sudden cardiac death)
increased more than ever [34]. Carotid plaque formation is defined as
an increase of CIMT about at least 0.5 mm or an increase about 50%
compared the adjacent CIMT as well as an increase of thickness about
more than 1.5 mm [35]. It is certain that carotid plaque formation is
always pathologic. In a meta-analysis about 11 population-based
studies, carotid plaque formation had a significantly higher diagnostic
precision in the prediction of myocardial infarction compared to an
increased CIMT [36]. The additive inclusion of plaque formation in
CIMT-measurements may improve risk prediction of coronary heart
disease [37].

Analysis of flow-mediated vasodilation (FMV) of the brachial artery
by use of ultrasound allows assessing endothelial function, and
provides pathophysiological, diagnostic and prognostic information.
In individuals known to have peripheral atherosclerosis, the FMV
technique reinforces the role of endothelial dysfunction in the
pathogenesis of cardiovascular disease and is likely to become a
surrogate marker of cardiovascular risk [38].

Conventional anatomic imaging modalities, such as X-ray contrast
angiography, gives information about site and severity of disease but
not the more important plaque composition [39]. It can detect
coronary stenosis accurately and serve to guide percutaneous and
surgical coronary revascularization. This approach can relieve
ischemia, but only prevents events or prolongs life in selected subsets
of patients. Indeed, autopsy studies indicate that lesions that do not
cause a flow-limiting stenosis (<50%) cause most fatal MIs [40]. Thus,
we need imaging approaches that reach beyond the visualization of
stenosis to develop, validate, and apply novel therapies rapidly and
effectively.  More recent technologies, like intravascular
ultrasonography (IVUS) and carotid ultrasound, have improved the
observation of plaques by detecting qualitative differences in plaque
composition. But these techniques remain based on contrast analysis,
and do not inform specifically on the active cellular and molecular
processes that drive the evolution of atherosclerotic lesions [41].

Noninvasive assessment of atherosclerotic plaques is needed to
better predict events in the at-risk but asymptomatic, provide
information regarding the underlying vascular biology, and track the
effect of novel interventions, which will rely on interference with key

identified pathways. Molecular imaging with positron emission
tomography (PET) is sensitive enough to detect inflammation within
atherosclerotic plaques. The tracer 18F-fluorodeoxyglucose (18F-
FDQG) is taken up by macrophages and has proven to be a robust
noninvasive surrogate of plaque composition and activity [39]. All
together, no current molecular imaging technology by itself is ideal,
but co-registration imaging with two or more modalities (e.g.,
PET/CT, PET/MRI) allows us to combine the benefits of different
imaging platforms. For atherosclerosis, researchers and clinicians have
developed and tested many imaging strategies that report on the
mechanisms involved in plaque formation and destabilization [41].

Treatment of atherosclerosis

Looking at the etiology of atherosclerosis, multiple therapeutic
strategies could be adopted for the management of the disease. The
treatment of atherosclerosis is currently based on lipid lowering. If
lipid lowering agents are used in combination with anti-inflammatory
or immunomodulatory agents, this could slow the progression of
atherosclerosis. The reversal of atherosclerosis has also become a new
attractive target for cardiovascular therapy and coronary device
development [42,43].

Targeting elevations in low-density lipoprotein cholesterol (LDL-
C), remains the cornerstone of treatment in clinical practice, whereas
lowering elevated triglyceride (TG) levels and elevating low levels of
high-density lipoprotein cholesterol (HDL-C) are secondary targets to
slow progression, or even partially reduce the total atheroma volume
[44].

Furthermore, the anti-inflammatory and immunomodulatory
strategies have become the preferred emerging treatments to target the
root causes of atherosclerosis [45,46]. The purpose of these therapies is
to interfere with lipoprotein metabolism, [47] and also to modulate
specific immune responses that play key roles in the development of
the inflammatory processes involved in the pathogenesis of the disease
[48,49].

Lipid Lowering Agents:

HMG-CoA Reductase Inhibitors (Statins)

The statins competitively inhibit the enzyme HMG-CoA reductase,
the initial rate-limiting step in cholesterol synthesis. Inhibition of
cholesterol ~ synthesis, particularly in hepatocytes, decreases
intracellular pools, which triggers an increase in LDL receptor number
and activity [50]. Statins lower plasma lipids, including LDL-C and
triglycerides, by inhibition of hepatic VLDL synthesis, resulting in
decreased numbers of VLDL, IDL, and LDL particles. Beyond their
lipid-lowering activity, statins also exert anti-inflammatory effects.
Statins have also been reported to lower serum levels of C-reactive
proteins together with their LDL and cholesterol lowering properties
[51,52].

Fibric Acid Derivatives

Fibrates appear to activate transcription factors belonging to the
nuclear hormone receptor superfamily, the peroxisome proliferator-
activated receptors (PPARs). PPAR-a mediate the action of fibrates on
HDL-C levels via transcriptional induction of synthesis of major HDL
apolipoproteins (ApoA-I and ApoA-II) and increased synthesis of
lipoprotein lipase. Fibrates decrease hepatic ApoC-III transcription,
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reducing inhibition of lipoprotein lipase and enhancing clearance of
triglyceride-rich lipoproteins. Other functions altered by the actions of
fibrates on PPAR-a result in increased fatty acid uptake, decreased
fibrinogen and high sensitivity C-reactive protein, and increased
cholesterol efflux. Increasing the activity of endothelial lipoprotein
lipase enhances release of VLDL surface fragments to form nascent
HDL and increases production of ApoA-1. Decreasing triglyceride
content and number of VLDL remnants reduces the cholesterol ester
transfer protein transfer of triglycerides to HDL particles in exchange
for cholesterol [53].

Bile Acid Sequestrants

They are large copolymers that act by exchanging Cl for negatively
charged bile salt anions. They are poorly absorbed and pass out of the
gastrointestinal tract with the stool. These bile resins are particularly of
value in patients intolerant to statins and in combination with statins
and niacin when the additional lowering of LDL-C is sought [54].

Cholesterol Absorption Inhibitors

They act at the brush border of the small intestine to inhibit
cholesterol absorption, leading to a decreased delivery to the liver. This
reduces hepatic cholesterol and increases LDL receptor mediated
clearance of cholesterol from the blood. This distinct mechanism is
complementary to that of the HMG-CoA reductase inhibitors [55].

Niacin

Niacin is unique among all available lipid modifying agents in
exerting multidimensional beneficial effects across the entire lipid/
lipoprotein spectrum. Niacin is the most effective agent available for
raising HDL-C levels [56,57]. Niacin also has a beneficial effect on
scavenger receptor class B type IY mediated cholesterol efflux and on
adenosine triphosphate-binding cassette transporter A1Y mediated
cholesterol efflux from macrophages, an effect that can contribute to
reverse cholesterol transport via niacin mediated increases in HDL-C
[58]. Emerging evidence also suggests that the beneficial effects of
niacin may be mediated in part by its effects on acute atherosclerotic
inflammation [59]. Niacin reduces release of fatty acids from fat stores,
decreasing the rate of hepatic triglyceride synthesis and VLDL
production. It also increases hepatic clearance of HDL-C but inhibits
uptake of ApoA-1, resulting in its increased availability for
development of HDL particles. The decrease in anabolism of VLDL
triglyceride-rich particles, which are metabolized to IDL and LDL,
results in decreased LDL-C and LDL particle numbers and an increase
in the less atherogenic, larger, more buoyant LDL particles [60].

Anti-inflammatory and immunomodulators

Local adiponectin

Adipose has been considered a simple energy storage tissue, but
mounting evidence suggests that it can produce and secrete many
bioactive substances, collectively referred to as adipocytokines. One of
these, adiponectin, has significant roles in regulating the metabolism
of glucose and fatty acids, and in protecting against atherosclerosis.
Adiponectin is a collagen-like protein, whose gene is located on
human chromosome 3q27 and is named as apM 1 gene [61].
Adiponectin has been shown to reduce atherosclerosis through
attenuating endothelial inflammatory response and macrophage-to-
foam cell transformation [62]. Adiponectin has been reported to

inhibit TNF-a-induced expression of adhesive molecules by blocking
NF-kB, and it could inhibit proliferation of smooth muscle cells
induced by growth factors by inhibiting mitogen-activated protein
pathways. Meanwhile, adiponectin suppresses the expression of NF-
kB-inducible genes, including VCAM-1, in endothelial cells and class
A scavenger receptor expression in monocyte-derived macrophages
[63,64].

Tumor necrosis factor-a blockade

A common feature of TNF antagonists is that they reduce cellularity
in inflamed tissues and inhibit expression of pro-inflammatory
cytokines and chemokines IL-1B, IL-6, IL-8, MCP-1, GM-CSF, VEGF.
Furthermore, they dampen the TNF-a-driven production of matrix-
degrading enzymes MMP-1 and MMP-3 [65]. These enzymes are
considered to be contributing factors to plaque instability. The
pleiotropic cytokine IL-6 acts as a major inducer of the acute-phase
response (i.e. C reactive protein) and impacts on the function of
diverse inflammatory and vascular cells [66].

Interleukin-1 receptor antagonism

Interleukin-1 receptor antagonism (IL-1Ra) has shown beneficial
effects in several inflammatory diseases and recently also stroke [67].
Genetic evidence documented a significant correlation between a
variant in the IL1-Ra gene and carotid atherosclerosis [68].

Leukotrienes Modifiers

Leukotrienes belong to the family of eicosanoids and constitute
potent pro-inflammatory and smooth muscle constrictive lipid
mediators [69]. Marked reduction in inflammatory biomarkers has
been observed after administration of an inhibitor of the 5-
lipoxygenase activating protein (FLAP) to patients carrying at-risk
variants in the FLAP gene or the LTA4H gene [70].

Expansion of Regulatory T Cells

Treg cells were detected in all stages of atherosclerotic lesions.
Expansion of the Treg cell pool can be achieved either by promoting
Treg cell development and survival in vivo by administering drugs or
by adoptive transfer of Treg cells following ex vivo expansion. A
monoclonal antibody directed at the CD3-e chain of T cells showed
remarkable efficacy in type 1 diabetic patients and reduced
atherosclerosis in mice [71,72]. A critical role was recently identified
for the co-stimulatory molecules ICOS, PD-1, OX40L, and CD137 in
Treg and cytotoxic T cell function in mice, suggesting further targets
for modulation of immune homeostasis in atherosclerosis [73].

Cytokine administration in vivo may be a valid short-term strategy
to enhance Treg cells. Interleukin-10 and TGF-p have important roles
in Treg cell generation and function. TGF- 3, however, appears as a less
interesting candidate due to its pleiotropic effects. Adoptive
immunotherapy to rapidly increase the circulating Treg cell pool by
re-infusion of autologous Treg cells after in vitro expansion constitutes
an interesting approach. Treg cells directed against antigens relevant
in atherosclerosis can be achieved by in vitro expansion of isolated
antigen-specific (adaptive) Treg cells, by means of expanding natural
Treg cells isolated from patients against specific antigens in vitro or by
induced expansion of naive T cells against specific antigens under
tolerable conditions in vitro [74].
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Atherosclerosis-specific immunization

Immunization has emerged as a promising therapeutic regimen
against atherosclerosis enhancing protective antibody titers, altering
the balance of pro- and anti-inflammatory T cell subtypes and
expanding Treg cells. Several antigens have been identified and
investigated for immunization against atherosclerosis in animal
models using active immunization or antibody infusion. Among those,
epitopes recognized in the LDL particle including apolipoprotein
B-100 appear most interesting from a clinical perspective in light of
the role of LDL in the pathogenesis of atherosclerosis [75].

Lipid-Based Vaccination

Since lipids are key biomolecules in atherosclerosis, several
vaccination strategies have targeted different proteins considered
central in lipid metabolism. Over the past decade interest has turned to
modulation of cholesteryl ester transfer protein (CETP) activity. This
strategy resulted in the inhibition of atherosclerotic lesion formation,
associated with increased CETP antibodies, decreased CETP activity,
and modified lipoprotein profiles [49].

It has been suggested that antibodies reactive to oxidized LDL may
contribute to the pathogenesis of atherosclerosis; however, anti-
oxidized LDL IgM antibodies may protect against atherosclerosis
possibly because they can scavenge the oxidized LDL particles [76].
Grosso et al. have reported that the passive immunization with
xenogeneic polyclonal antibodies, xenogeneic Fab fragments, and
allogeneic monoclonal IgG antibodies, reactive to electronegative LDL
(minimally modified LDL), significantly reduced atherosclerosis in
LDL-receptor-deficient mice [77].

Recombinant human antibodies against MDA-ApoB100, 2D03-
IgG, were very effective in promoting atherosclerotic lesion regression
in ApoB100-expressing LDL receptor deficient mice, which has been
suggested to come about as a result of reduced macrophage infiltration
and enhanced cholesterol efflux [78]. Inverse association between
antibodies to malondialdehyde- (MDA-) modified fibronectin and a
risk of cardiovascular events has been reported. The immunization of
apoprotein E- (ApoE-) deficient mice with MDA-modified fibronectin
resulted in a 70% decrease in plaque area and a less inflammatory
phenotype of remaining plaques. Immunization converted a weak
naturally occurring Thl antibody response against MDA-fibronectin
into a Th2 antibody response. Cytokine expression and flow cytometry
analyses of spleen cells from immunized mice showed an activation of
regulatory T cells. Immunization with MDA-fibronectin was also
found to reduce plasma fibronectin levels [45].

Heat Shock Proteins

Autoimmunity to heat shock proteins (HSPs) is one element in
atherosclerosis-induced immune responses. HSPs are a class of
functionally related, highly conserved proteins that function as
sentinels in the so-called cellular stress response [79]. Repeated
mucosal administration of Mycobacterium HSP60/65, both orally and
nasally, inhibited atherosclerotic lesion formation in LDL-receptor-
deficient mice when compared to the control group. The observed
attenuation of atherosclerosis was associated with decreased
macrophage and T-cell numbers and enhanced IL-10 intimal
expression [80].

B-Cell Modulation

Although limited vascular B-cell infiltration is detectable in the
early stages of atherosclerosis, B-cell accumulation substantially
increases with time. It localizes within and around advanced
atherosclerotic coronary lesions and atherosclerotic abdominal aortic
aneurysms of mice and humans and is even prominent in vascular
inflammation associated with other immune mediated diseases [81].
Inhibition of excessive B-cell activation either through depletion or
immune modulation might substantially limit vascular inflammation
and atherosclerotic lesion development [82].

Alternative Therapies

Plasmonic photothermal therapy (PPTT) using near-
infrared (NIR) laser irradiation

Is the novel invasive approach in cardiology. The noble-metal
nanoparticles are the only type of optically active composite spherical
particles on the nanoscale for needs of PPTT [83].

Therapies Based on Response-to-Retention Hypothesis

The aorta is an abundant tissue source of the heparin sulfate
proteoglycan (PG) collagen XVIII and its proteolytically released
endostatin (ES) fragment, which has previously been shown to inhibit
angiogenesis in cancer and atherosclerosis models. A recent data has
shown that collagen XVIII is differentially degraded in blood vessels
affected by atherosclerosis. Loss of collagen XVIII/ES resulted in
enhanced plaque neovascularization and vascular permeability to
lipids in mice prone to developing atherosclerosis [84]. ES indirectly
inhibits the macrophage uptake of biglycan-associated LDL by
interfering with LDL retention to biglycan, but it has no direct effect
on th macrophage uptake of native or modified lipoproteins.
Immunization with the chP3R99 monoclonal antibody has been
reported to prevent the development of atherosclerosis lesions, and
this effect was associated with its capacity to induce antibodies capable
of blocking the binding of LDL to chondroitin sulfate (CS) and their
oxidation, thus acting as an idiotypic vaccine. It has been shown that
antiatherosclerotic effects are associated with the capability of
preserving the aortic redox state [85].

Eicosapentaenoic Acid from Fish Oil:

Supplements that contain the long-chain omega-3 eicosapentaenoic
acid found in fish oil at doses up to 3 g/day reduce TG levels by as
much as 30%. Evidence supports a role for omega-3 fatty acid
supplements in reducing risk factors for atherosclerosis. The benefits
of omega-3 fatty acids include reduced serum TGs, lower risk of
sudden cardiac death and all-cause mortality, mildly lower blood
pressure, and reduced risks of inflammation and thrombosis [86].

Conclusion

Atherosclerosis is one of the most widespread health problems
which is characterized by hyperlipidemia and chronic inflammation.
Many methods have been implicated in the diagnosis of
atherosclerosis like catheterization and X-ray contrast angiography.
Moreover, recent techniques like PET, have shown much better
sensitivity in inflammation detection within atherosclerotic plaques.
Many therapeutic strategies like HMG CoA reductase inhibitors, bile
acid sequestrants, fibrates, and nicotinic acid derivatives have been
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widely used to reduce atherosclerotic lesions. However, recent
therapies targeting to blockade of inflammatory cytokines and others

as atherosclerosis-specific immunization,

succeeded to provide

significant reduction of the risk of atherosclerosis. However, further
studies are mandatory in order to provide more novel therapeutic
agents for complete protection of atherscleosis.

Conflict of interest

The authors have no conflict of interest to declare.

References

1.

10.
11.
12.
13.
14.

15.

Volume 101 « Issue 4 « 1000161

Bartoloni E, Shoenfeld Y, Gerli R (2011) Inflammatory and
autoimmune mechanisms in the induction of atherosclerotic
damage in systemic rheumatic diseases: two faces of the same
coin. Arthritis Care Res (Hoboken) 63: 178-183.

Methe H, Weis M (2007) Atherogenesis and inflammation--was
Virchow right? Nephrol Dial Transplant 22: 1823-1827.

Van Leuven SI, Franssen R, Kastelein JJ, Levi M, Stroes ES, et al.
(2008) Systemic inflammation as a risk factor for
atherothrombosis. Rheumatology (Oxford) 47: 3-7.

Libby P, Okamoto Y, Rocha VZ, Folco E (2010) Inflammation in
atherosclerosis: transition from theory to practice. Circ J 74:
213-220.

Libby P, Ridker PM, Maseri A (2002) Inflammation and
atherosclerosis. Circulation 105: 1135-1143.

Hansson GK, Libby P (2006) The immune response in
atherosclerosis: a double-edged sword. Nat Rev Immunol 6:
508-519.

Bernhagen J, Krohn R, Lue H, Gregory JL, Zernecke A, et al.
(2007) MIF is a noncognate ligand of CXC chemokine receptors
in inflammatory and atherogenic cell recruitment. Nat Med 13:
587-596.

Kleemann R, Zadelaar S, Kooistra T (2008) Cytokines and
atherosclerosis: a comprehensive review of studies in mice.
Cardiovasc Res 79: 360-376.

Yilmaz A, Lochno M, Traeg F, Cicha I, Reiss C, et al. (2004)
Emergence of dendritic cells in rupture-prone regions of
vulnerable carotid plaques. Atherosclerosis 176: 101-110.

Ranjit S, Dazhu L (2006) Potential role of dendritic cells for
progression of atherosclerotic lesions. Postgrad Med ] 82:
573-575.

Reardon CA, Blachowicz L, White T, Cabana V, Wang Y, et al.
(2001) Effect of immune deficiency on lipoproteins and
atherosclerosis in male apolipoprotein E-deficient mice.
Arterioscler Thromb Vasc Biol 21: 1011-1016.

Song L1, Leung C, Schindler C (2001) Lymphocytes are
important in early atherosclerosis. J Clin Invest 108: 251-259.
Zhou X, Nicoletti A, Elhage R, Hansson GK (2000) Transfer of
CD4(+) T cells aggravates atherosclerosis in immunodeficient
apolipoprotein E knockout mice. Circulation 102: 2919-2922.
Ait-Oufella H, Taleb S, Mallat Z, Tedgui A (2011) Recent
advances on the role of cytokines in atherosclerosis. Arterioscler
Thromb Vasc Biol 31: 969-979.

George J, Schwartzenberg S, Medvedovsky D, Jonas M, Charach
G, et al. (2012) Regulatory T cells and IL-10 levels are reduced in
patients with vulnerable coronary plaques. Atherosclerosis 222:
519-523.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Tedgui A, Mallat Z (2006) Cytokines in atherosclerosis:
pathogenic and regulatory pathways. Physiol Rev 86: 515-581.
Whitman SC, Ravisankar P, Elam H, Daugherty A (2000)
Exogenous interferon-gamma enhances atherosclerosis in
apolipoprotein E-/- mice. Am J Pathol 157: 1819-1824.

Wick G, Knoflach M, Xu Q (2004) Autoimmune and
inflammatory mechanisms in atherosclerosis. Annu Rev
Immunol 22: 361-403.

Mehta TA, Greenman J, Ettelaie C, Venkatasubramaniam A,
Chetter IC, et al. (2005) Heat shock proteins in vascular disease--
areview. Eur ] Vasc Endovasc Surg 29: 395-402.

Pockley AG (2002) Heat shock proteins, inflammation, and
cardiovascular disease. Circulation 105: 1012-1017.

Benagiano M, D'Elios MM, Amedei A, Azzurri A, van der Zee R,
et al. (2005) Human 60-kDa heat shock protein is a target
autoantigen of T cells derived from atherosclerotic plaques. J
Immunol 174: 6509-6517.

Park HK, Park EC, Bae SW, Park MY, Kim SW, et al. (2006)
Expression of heat shock protein 27 in human atherosclerotic
plaques and increased plasma level of heat shock protein 27 in
patients with acute coronary syndrome. Circulation 114:
886-893.

Businaro R, Profumo E, Tagliani A, Buttari B, Leone S, et al.
(2009) Heat-shock protein 90: a novel autoantigen in human
carotid atherosclerosis. Atherosclerosis 207: 74-83.

Liuzzo G, Biasucci LM, Gallimore JR, Grillo RL, Rebuzzi AG, et
al. (1994) The prognostic value of C-reactive protein and serum
amyloid a protein in severe unstable angina. N Engl ] Med 331:
417-424.

Ridker PM, Cushman M, Stampfer MJ, Tracy RP, Hennekens
CH (1997) Inflammation, aspirin, and the risk of cardiovascular
disease in apparently healthy men. N Engl ] Med 336: 973-979.
Nilsson J, Wigren M, Shah PK (2009) Regulatory T cells and the
control of modified lipoprotein autoimmunity-driven
atherosclerosis. Trends Cardiovasc Med 19: 272-276.

Tuomisto K, Jousilahti P, Sundvall ], Pajunen P, Salomaa V
(2006) C-reactive protein, interleukin-6 and tumor necrosis
factor alpha as predictors of incident coronary and
cardiovascular events and total mortality. A population-based,
prospective study. Thromb Haemost 95: 511-518.

Profumo E, Buttari B, Tosti ME, Siracusano A, Ortona E, et al.
(2008) Association of intracellular pro- and anti-inflammatory
cytokines in peripheral blood with the clinical or ultrasound
indications for carotid endarterectomy in patients with carotid
atherosclerosis. Clin Exp Immunol 152: 120-126.

Szodoray P, Timar O, Veres K, Der H, Szomjak E, et al. (2006)
Th1/Th2  imbalance, —measured by circulating and
intracytoplasmic  inflammatory  cytokines—immunological
alterations in acute coronary syndrome and stable coronary
artery disease. Scand ] Immunol 64: 336-344.

De Lemos JA, Morrow DA, Sabatine MS, Murphy SA, Gibson
CM (2003) Association between plasma levels of monocyte
chemoattractant protein-1 and long-term clinical outcomes in
patients with acute coronary syndromes. Circulation 107:
690-695.

Elkind MS, Rundek T, Sciacca RR, Ramas R, Chen HJ, et al.
(2005) Interleukin-2 levels are associated with carotid artery
intima-media thickness. Atherosclerosis 180: 181-187.

e Page50f7


http://www.ncbi.nlm.nih.gov/pubmed/20740611
http://www.ncbi.nlm.nih.gov/pubmed/20740611
http://www.ncbi.nlm.nih.gov/pubmed/20740611
http://www.ncbi.nlm.nih.gov/pubmed/20740611
http://www.ncbi.nlm.nih.gov/pubmed/17438010
http://www.ncbi.nlm.nih.gov/pubmed/17438010
http://www.ncbi.nlm.nih.gov/pubmed/17702769
http://www.ncbi.nlm.nih.gov/pubmed/17702769
http://www.ncbi.nlm.nih.gov/pubmed/17702769
http://www.ncbi.nlm.nih.gov/pubmed/20065609
http://www.ncbi.nlm.nih.gov/pubmed/20065609
http://www.ncbi.nlm.nih.gov/pubmed/20065609
http://www.ncbi.nlm.nih.gov/pubmed/11877368
http://www.ncbi.nlm.nih.gov/pubmed/11877368
http://www.ncbi.nlm.nih.gov/pubmed/16778830
http://www.ncbi.nlm.nih.gov/pubmed/16778830
http://www.ncbi.nlm.nih.gov/pubmed/16778830
http://www.ncbi.nlm.nih.gov/pubmed/17435771
http://www.ncbi.nlm.nih.gov/pubmed/17435771
http://www.ncbi.nlm.nih.gov/pubmed/17435771
http://www.ncbi.nlm.nih.gov/pubmed/17435771
http://www.ncbi.nlm.nih.gov/pubmed/18487233
http://www.ncbi.nlm.nih.gov/pubmed/18487233
http://www.ncbi.nlm.nih.gov/pubmed/18487233
http://www.ncbi.nlm.nih.gov/pubmed/15306181
http://www.ncbi.nlm.nih.gov/pubmed/15306181
http://www.ncbi.nlm.nih.gov/pubmed/15306181
http://www.ncbi.nlm.nih.gov/pubmed/16954452
http://www.ncbi.nlm.nih.gov/pubmed/16954452
http://www.ncbi.nlm.nih.gov/pubmed/16954452
http://www.ncbi.nlm.nih.gov/pubmed/11397712
http://www.ncbi.nlm.nih.gov/pubmed/11397712
http://www.ncbi.nlm.nih.gov/pubmed/11397712
http://www.ncbi.nlm.nih.gov/pubmed/11397712
http://www.ncbi.nlm.nih.gov/pubmed/11457878
http://www.ncbi.nlm.nih.gov/pubmed/11457878
http://www.ncbi.nlm.nih.gov/pubmed/11113040
http://www.ncbi.nlm.nih.gov/pubmed/11113040
http://www.ncbi.nlm.nih.gov/pubmed/11113040
http://www.ncbi.nlm.nih.gov/pubmed/21508343
http://www.ncbi.nlm.nih.gov/pubmed/21508343
http://www.ncbi.nlm.nih.gov/pubmed/21508343
http://www.ncbi.nlm.nih.gov/pubmed/22575708
http://www.ncbi.nlm.nih.gov/pubmed/22575708
http://www.ncbi.nlm.nih.gov/pubmed/22575708
http://www.ncbi.nlm.nih.gov/pubmed/22575708
http://www.ncbi.nlm.nih.gov/pubmed/16601268
http://www.ncbi.nlm.nih.gov/pubmed/16601268
http://www.ncbi.nlm.nih.gov/pubmed/11106554
http://www.ncbi.nlm.nih.gov/pubmed/11106554
http://www.ncbi.nlm.nih.gov/pubmed/11106554
http://www.ncbi.nlm.nih.gov/pubmed/15032582
http://www.ncbi.nlm.nih.gov/pubmed/15032582
http://www.ncbi.nlm.nih.gov/pubmed/15032582
http://www.ncbi.nlm.nih.gov/pubmed/15749041
http://www.ncbi.nlm.nih.gov/pubmed/15749041
http://www.ncbi.nlm.nih.gov/pubmed/15749041
http://www.ncbi.nlm.nih.gov/pubmed/11864934
http://www.ncbi.nlm.nih.gov/pubmed/11864934
http://www.ncbi.nlm.nih.gov/pubmed/15879154
http://www.ncbi.nlm.nih.gov/pubmed/15879154
http://www.ncbi.nlm.nih.gov/pubmed/15879154
http://www.ncbi.nlm.nih.gov/pubmed/15879154
http://www.springerplus.com/pubmed/related/25392804
http://www.springerplus.com/pubmed/related/25392804
http://www.springerplus.com/pubmed/related/25392804
http://www.springerplus.com/pubmed/related/25392804
http://www.springerplus.com/pubmed/related/25392804
http://www.ncbi.nlm.nih.gov/pubmed/19481753
http://www.ncbi.nlm.nih.gov/pubmed/19481753
http://www.ncbi.nlm.nih.gov/pubmed/19481753
http://www.ncbi.nlm.nih.gov/pubmed/7880233
http://www.ncbi.nlm.nih.gov/pubmed/7880233
http://www.ncbi.nlm.nih.gov/pubmed/7880233
http://www.ncbi.nlm.nih.gov/pubmed/7880233
http://www.ncbi.nlm.nih.gov/pubmed/9077376
http://www.ncbi.nlm.nih.gov/pubmed/9077376
http://www.ncbi.nlm.nih.gov/pubmed/9077376
http://www.ncbi.nlm.nih.gov/pubmed/20447570
http://www.ncbi.nlm.nih.gov/pubmed/20447570
http://www.ncbi.nlm.nih.gov/pubmed/20447570
http://www.ncbi.nlm.nih.gov/pubmed?link_type=MED_NBRS&access_num=19363058&cmd=Link&dbFrom=PubMed&from_uid=19363058
http://www.ncbi.nlm.nih.gov/pubmed?link_type=MED_NBRS&access_num=19363058&cmd=Link&dbFrom=PubMed&from_uid=19363058
http://www.ncbi.nlm.nih.gov/pubmed?link_type=MED_NBRS&access_num=19363058&cmd=Link&dbFrom=PubMed&from_uid=19363058
http://www.ncbi.nlm.nih.gov/pubmed?link_type=MED_NBRS&access_num=19363058&cmd=Link&dbFrom=PubMed&from_uid=19363058
http://www.ncbi.nlm.nih.gov/pubmed?link_type=MED_NBRS&access_num=19363058&cmd=Link&dbFrom=PubMed&from_uid=19363058
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2384063/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2384063/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2384063/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2384063/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2384063/
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-3083.2006.01816.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-3083.2006.01816.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-3083.2006.01816.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-3083.2006.01816.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-3083.2006.01816.x/full
http://www.ncbi.nlm.nih.gov/pubmed?itool=pubmed_Abstract&DbFrom=pubmed&Cmd=Link&LinkName=pubmed_pubmed&IdsFromResult=20140679&retmode=ref
http://www.ncbi.nlm.nih.gov/pubmed?itool=pubmed_Abstract&DbFrom=pubmed&Cmd=Link&LinkName=pubmed_pubmed&IdsFromResult=20140679&retmode=ref
http://www.ncbi.nlm.nih.gov/pubmed?itool=pubmed_Abstract&DbFrom=pubmed&Cmd=Link&LinkName=pubmed_pubmed&IdsFromResult=20140679&retmode=ref
http://www.ncbi.nlm.nih.gov/pubmed?itool=pubmed_Abstract&DbFrom=pubmed&Cmd=Link&LinkName=pubmed_pubmed&IdsFromResult=20140679&retmode=ref
http://www.ncbi.nlm.nih.gov/pubmed?itool=pubmed_Abstract&DbFrom=pubmed&Cmd=Link&LinkName=pubmed_pubmed&IdsFromResult=20140679&retmode=ref
http://www.ncbi.nlm.nih.gov/pubmed/15823291
http://www.ncbi.nlm.nih.gov/pubmed/15823291
http://www.ncbi.nlm.nih.gov/pubmed/15823291
http://dx.doi.org/10.4172/lpma.1000161

Citation:  Dina SA, Eman S, Hany MA (2015) Diagnosis and Treatment of Atherosclerosis: A Review Article. Prensa Med Argent 101:4.

32. Yamagami H, Kitagawa K, Hoshi T, Furukado S, Hougaku H, et 48. Amir S, Binder CJ (2010) Experimental immunotherapeutic
al. (2005) Associations of serum IL-18 levels with carotid intima- approaches for atherosclerosis. Clin Immunol 134: 66-79.
media thickness. Arterioscler Thromb Vasc Biol 25: 1458-1462. 49. Geng YJ, Jonasson L (2012) Linking immunity to atherosclerosis:

33. Profumo E, Esposito C, Buttari B, Tosti ME, Ortona E, et al. implications for vascular pharmacology--a tribute to Goran K.
(2007) Intracellular expression of cytokines in peripheral blood Hansson. Vascul Pharmacol 56: 29-33.
from patients with atherosclerosis before and after carotid 50, Steffens S, Mach F (2006) Drug insight: Immunomodulatory
endarterectomy. Atherosclerosis 191: 340-347. effects of statins--potential benefits for renal patients? Nat Clin

34. Bauer M, Caviezel S, Teynor A, Erbel R, Mahabadi AA, et al. Pract Nephrol 2: 378-387.

(2012) Carotid intima-media thickness as a biomarker of 51, Ridker PM, Cannon CP, Morrow D, Rifai N, Rose LM, et al.
subclinical atherosclerosis. Swiss Med Wkly 142: w13705. (2005) Pravastatin or Atorvastatin Evaluation and Infection

35. Touboul PJ, Hennerici MG, Meairs S, Adams H, Amarenco P, et Therapy-Thrombolysis in Myocardial Infarction 22 (PROVE IT-
al. (2007) Mannheim carotid intima-media thickness consensus TIMI 22) Investigators. C-reactive protein levels and outcomes
(2004-2006). An update on behalf of the Advisory Board of the after statin therapy. N Engl ] Med 352: 20-28.
3rd and 4th Watching the Risk Symposium, 13th and 15th 52, Morrow DA, de Lemos JA, Sabatine MS, Wiviott SD, Blazing
European Stroke Conferences, Mannheim, Germany, 2004, and MA, et al. (2006) Clinical relevance of C-reactive protein during
Brussels, Belgium. Cerebrovasc Dis 23: 75-80. follow-up of patients with acute coronary syndromes in the

36. Inaba Y, Chen JA, Bergmann SR (2012) Carotid plaque, Aggrastat-to-Zocor Trial. Circulation 114: 281-288.
compared with carotid intima-media thickness, more accurately 53, Moutzouri E, Kei A, Elisaf MS, Milionis HJ (2010) Management
predicts coronary artery disease events: a meta-analysis. of dyslipidemias with fibrates, alone and in combination with
Atherosclerosis 220: 128-133. statins: role of delayed-release fenofibric acid. Vasc Health Risk

37. Nambi V, Chambless L, Folsom AR, He M, Hu Y, et al. (2010) Manag 6: 525-539.

Carotid intima-media thickness and presence or absence of 54, Chiang JY (2013) Bile acid metabolism and signaling. Compr
plaque improves prediction of coronary heart disease risk: the Physiol 3: 1191-1212.

ARIC (Atherosclerosis Risk In Communities) study. ] Am Coll 55 Brown WV (2003) Cholesterol absorption inhibitors: defining
Cardiol 55: 1600-1607. new options in lipid management. Clin Cardiol 26: 259-264.

38. Garcia MM, Lima PR, Correia LC (2012) Prognostic value of 56. Meyers CD, Kamanna VS, Kashyap ML (2004) Niacin therapy in
endothelial function in patients with atherosclerosis: systematic atherosclerosis. Curr Opin Lipidol 15: 659-665.
review. Arq Bras Cardiol 99: 857-865. 57.  Whitney EJ, Krasuski RA, Personius BE, Michalek JE, Maranian

39.  Rosenbaum D, Millon A, Fayad ZA (2012) Molecular imaging in AM, et al. (2005) A randomized trial of a strategy for increasing
atherosclerosis: FDG PET. Curr Atheroscler Rep 14: 429-437. high-density lipoprotein cholesterol levels: effects on progression

40. Virmani R, Burke AP, Farb A, Kolodgie FD (2006) Pathology of of coronary heart disease and clinical events. Ann Intern Med
the vulnerable plaque. ] Am Coll Cardiol 47: C13-18. 142: 95-104.

41.  Quillard T, Libby P (2012) Molecular imaging of atherosclerosis 58, Morgan JM, de la Llera-Moya M, Capuzzi DM (2007) Effects of
for improving diagnostic and therapeutic development. Circ Res niacin and Niaspan on HDL lipoprotein cellular SR-BI-mediated
111:231-244. cholesterol efflux. ] Clin Lipidol 1: 614-619.

42. Nicholls §J, Ballantyne CM, Barter PJ, Chapman M]J, Erbel RM, 59, Montecucco F1, Quercioli A, Dallegri F, Viviani GL, Mach F
et al. (2011) Effect of two intensive statin regimens on (2010) New evidence for nicotinic acid treatment to reduce
progression of coronary disease. N Engl ] Med 365: 2078-2087. atherosclerosis. Expert Rev Cardiovasc Ther 8: 1457-1467.

43. Onuma Y, Muramatsu T, Kharlamov A, Serruys PW (2012) 60. Mason CM, Doneen AL (2012) Niacin-a critical component to
Freeing the vessel from metallic cage: what can we achieve with the management of atherosclerosis: Contemporary management
bioresorbable Vascular scaffolds? Cardiovasc Interv Ther 27: Of dyshpldemla to prevent’ reduce’ or reverse atherosclerotic
141-154. cardiovascular disease. ] Cardiovasc Nurs 27: 303-316.

44. Brunzell JD, Davidson M, Furberg CD, Goldberg RB, Howard 1. Maeda K, Okubo K, Shimomura I, Funahashi T, Matsuzawa Y, et
BV, et al. (2008) Lipoprotein management in patients with al. (1996) cDNA cloning and expression of a novel adipose
cardiometabolic risk: consensus conference report from the specific collagen-like factor, apM1. Biochem Biophys Res Comm
American Diabetes Association and the American College of 221: 286-289.

Cardiology Foundation. Diabetes Care 51: 1512-1524. 62. Okamoto Y, Kihara S, Ouchi N, Nishida M, Arita Y, et al. (2002)

45. Dunér P, To F, Beckmann K, Bjérkbacka H, Fredrikson GN, et Adiponectin reduces atherosclerosis in apolipoprotein E-
al. (2011) Immunization of apoE-/- mice with aldehyde-modified deficient mice. Circulation 106: 2767-2770.
fibronectin inhibits the development of atherosclerosis. 63. Ouchi N, Kihara S, Arita Y, Nishida M, Matsuyama A, et al.
Cardiovasc Res 91: 528-536. (2001)  Adipocyte-derived plasma protein, adiponectin,

46. Soto Y, Acosta E, Delgado L, Pérez A, Falcén V, et al. (2012) suppresses lipid accumulation and class A scavenger receptor
Antiatherosclerotic effect Of an antibody that binds to expression in human monocyte.derived macrophagesl
extracellular matrix glycosaminoglycans. Arterioscler Thromb Circulation 103: 1057-1063.

Vasc Biol 32: 595-604. 64. Lappas M, Yee K, Permezel M, Rice GE (2005) Sulfasalazine and

47.  Ait-Oufella H, Herbin O, Bouaziz JD, Binder CJ, Uyttenhove C,

Volume 101 « Issue 4 « 1000161

et al. (2010) B cell depletion reduces the development of
atherosclerosis in mice. ] Exp Med 207: 1579-1587.

BAY 11-7082 interfere with the nuclear factor-kappa B and I
kappa B kinase pathway to regulate the release of
proinflammatory cytokines from human adipose tissue and
skeletal muscle in vitro. Endocrinology 46: 1491-1497.

e Page60f7


http://www.ncbi.nlm.nih.gov/pubmed/15860738
http://www.ncbi.nlm.nih.gov/pubmed/15860738
http://www.ncbi.nlm.nih.gov/pubmed/15860738
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2384063/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2384063/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2384063/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2384063/
http://www.ncbi.nlm.nih.gov/pubmed/23135891
http://www.ncbi.nlm.nih.gov/pubmed/23135891
http://www.ncbi.nlm.nih.gov/pubmed/23135891
http://www.ncbi.nlm.nih.gov/pubmed?cmd=Link&db=pubmed&dbFrom=PubMed&from_uid=14694277
http://www.ncbi.nlm.nih.gov/pubmed?cmd=Link&db=pubmed&dbFrom=PubMed&from_uid=14694277
http://www.ncbi.nlm.nih.gov/pubmed?cmd=Link&db=pubmed&dbFrom=PubMed&from_uid=14694277
http://www.ncbi.nlm.nih.gov/pubmed?cmd=Link&db=pubmed&dbFrom=PubMed&from_uid=14694277
http://www.ncbi.nlm.nih.gov/pubmed?cmd=Link&db=pubmed&dbFrom=PubMed&from_uid=14694277
http://www.ncbi.nlm.nih.gov/pubmed?cmd=Link&db=pubmed&dbFrom=PubMed&from_uid=14694277
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4059661/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4059661/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4059661/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4059661/
http://www.ncbi.nlm.nih.gov/pubmed?LinkName=pubmed_pubmed&from_uid=25653701
http://www.ncbi.nlm.nih.gov/pubmed?LinkName=pubmed_pubmed&from_uid=25653701
http://www.ncbi.nlm.nih.gov/pubmed?LinkName=pubmed_pubmed&from_uid=25653701
http://www.ncbi.nlm.nih.gov/pubmed?LinkName=pubmed_pubmed&from_uid=25653701
http://www.ncbi.nlm.nih.gov/pubmed?LinkName=pubmed_pubmed&from_uid=25653701
http://www.ncbi.nlm.nih.gov/pubmed/22936029
http://www.ncbi.nlm.nih.gov/pubmed/22936029
http://www.ncbi.nlm.nih.gov/pubmed/22936029
http://www.ncbi.nlm.nih.gov/pubmed/22872371
http://www.ncbi.nlm.nih.gov/pubmed/22872371
http://www.ncbi.nlm.nih.gov/pubmed/16631505
http://www.ncbi.nlm.nih.gov/pubmed/16631505
http://www.ncbi.nlm.nih.gov/pubmed/22773426
http://www.ncbi.nlm.nih.gov/pubmed/22773426
http://www.ncbi.nlm.nih.gov/pubmed/22773426
http://www.ncbi.nlm.nih.gov/pubmed/22085316
http://www.ncbi.nlm.nih.gov/pubmed/22085316
http://www.ncbi.nlm.nih.gov/pubmed/22085316
http://www.ncbi.nlm.nih.gov/pubmed/22569783
http://www.ncbi.nlm.nih.gov/pubmed/22569783
http://www.ncbi.nlm.nih.gov/pubmed/22569783
http://www.ncbi.nlm.nih.gov/pubmed/22569783
http://www.sciencedirect.com/science/article/pii/S0735109708007201
http://www.sciencedirect.com/science/article/pii/S0735109708007201
http://www.sciencedirect.com/science/article/pii/S0735109708007201
http://www.sciencedirect.com/science/article/pii/S0735109708007201
http://www.sciencedirect.com/science/article/pii/S0735109708007201
http://www.ncbi.nlm.nih.gov/pubmed/21493703
http://www.ncbi.nlm.nih.gov/pubmed/21493703
http://www.ncbi.nlm.nih.gov/pubmed/21493703
http://www.ncbi.nlm.nih.gov/pubmed/21493703
http://atvb.ahajournals.org/content/32/12/2847.full
http://atvb.ahajournals.org/content/32/12/2847.full
http://atvb.ahajournals.org/content/32/12/2847.full
http://atvb.ahajournals.org/content/32/12/2847.full
http://www.ncbi.nlm.nih.gov/pubmed/20603314
http://www.ncbi.nlm.nih.gov/pubmed/20603314
http://www.ncbi.nlm.nih.gov/pubmed/20603314
http://www.ncbi.nlm.nih.gov/pubmed/19666239
http://www.ncbi.nlm.nih.gov/pubmed/19666239
http://www.ncbi.nlm.nih.gov/pubmed/22120836
http://www.ncbi.nlm.nih.gov/pubmed/22120836
http://www.ncbi.nlm.nih.gov/pubmed/22120836
http://www.ncbi.nlm.nih.gov/pubmed/16932466
http://www.ncbi.nlm.nih.gov/pubmed/16932466
http://www.ncbi.nlm.nih.gov/pubmed/16932466
http://www.ncbi.nlm.nih.gov/pubmed/15635109
http://www.ncbi.nlm.nih.gov/pubmed/15635109
http://www.ncbi.nlm.nih.gov/pubmed/15635109
http://www.ncbi.nlm.nih.gov/pubmed/15635109
http://www.ncbi.nlm.nih.gov/pubmed/15635109
http://www.ncbi.nlm.nih.gov/pubmed?db=pubmed&cmd=link&linkname=pubmed_pubmed&uid=16847150
http://www.ncbi.nlm.nih.gov/pubmed?db=pubmed&cmd=link&linkname=pubmed_pubmed&uid=16847150
http://www.ncbi.nlm.nih.gov/pubmed?db=pubmed&cmd=link&linkname=pubmed_pubmed&uid=16847150
http://www.ncbi.nlm.nih.gov/pubmed?db=pubmed&cmd=link&linkname=pubmed_pubmed&uid=16847150
http://www.ncbi.nlm.nih.gov/pubmed/20730069
http://www.ncbi.nlm.nih.gov/pubmed/20730069
http://www.ncbi.nlm.nih.gov/pubmed/20730069
http://www.ncbi.nlm.nih.gov/pubmed/20730069
http://www.ncbi.nlm.nih.gov/pubmed/23897684
http://www.ncbi.nlm.nih.gov/pubmed/23897684
http://www.ncbi.nlm.nih.gov/pubmed/12839042
http://www.ncbi.nlm.nih.gov/pubmed/12839042
http://www.ncbi.nlm.nih.gov/pubmed/15529025
http://www.ncbi.nlm.nih.gov/pubmed/15529025
http://www.ncbi.nlm.nih.gov/pubmed?db=pubmed&cmd=link&linkname=pubmed_pubmed&uid=11268266
http://www.ncbi.nlm.nih.gov/pubmed?db=pubmed&cmd=link&linkname=pubmed_pubmed&uid=11268266
http://www.ncbi.nlm.nih.gov/pubmed?db=pubmed&cmd=link&linkname=pubmed_pubmed&uid=11268266
http://www.ncbi.nlm.nih.gov/pubmed?db=pubmed&cmd=link&linkname=pubmed_pubmed&uid=11268266
http://www.ncbi.nlm.nih.gov/pubmed?db=pubmed&cmd=link&linkname=pubmed_pubmed&uid=11268266
http://www.ncbi.nlm.nih.gov/pubmed/21291703
http://www.ncbi.nlm.nih.gov/pubmed/21291703
http://www.ncbi.nlm.nih.gov/pubmed/21291703
http://www.ncbi.nlm.nih.gov/pubmed/20936932
http://www.ncbi.nlm.nih.gov/pubmed/20936932
http://www.ncbi.nlm.nih.gov/pubmed/20936932
http://www.ncbi.nlm.nih.gov/pubmed/21804401
http://www.ncbi.nlm.nih.gov/pubmed/21804401
http://www.ncbi.nlm.nih.gov/pubmed/21804401
http://www.ncbi.nlm.nih.gov/pubmed/21804401
http://en.wikipedia.org/wiki/Adiponectin
http://en.wikipedia.org/wiki/Adiponectin
http://en.wikipedia.org/wiki/Adiponectin
http://en.wikipedia.org/wiki/Adiponectin
http://www.ncbi.nlm.nih.gov/pubmed/12451000
http://www.ncbi.nlm.nih.gov/pubmed/12451000
http://www.ncbi.nlm.nih.gov/pubmed/12451000
http://www.ncbi.nlm.nih.gov/pubmed/11222466
http://www.ncbi.nlm.nih.gov/pubmed/11222466
http://www.ncbi.nlm.nih.gov/pubmed/11222466
http://www.ncbi.nlm.nih.gov/pubmed/11222466
http://www.ncbi.nlm.nih.gov/pubmed/11222466
http://www.ncbi.nlm.nih.gov/pubmed?cmd=Link&db=pubmed&dbFrom=PubMed&from_uid=15240650
http://www.ncbi.nlm.nih.gov/pubmed?cmd=Link&db=pubmed&dbFrom=PubMed&from_uid=15240650
http://www.ncbi.nlm.nih.gov/pubmed?cmd=Link&db=pubmed&dbFrom=PubMed&from_uid=15240650
http://www.ncbi.nlm.nih.gov/pubmed?cmd=Link&db=pubmed&dbFrom=PubMed&from_uid=15240650
http://www.ncbi.nlm.nih.gov/pubmed?cmd=Link&db=pubmed&dbFrom=PubMed&from_uid=15240650
http://dx.doi.org/10.4172/lpma.1000161

Citation:  Dina SA, Eman S, Hany MA (2015) Diagnosis and Treatment of Atherosclerosis: A Review Article. Prensa Med Argent 101:4.

65. Catrina Al Lampa ], Ernestam S, af Klint E, Bratt J, et al. (2002) 76. Shaw PX, Horkko S, Tsimikas S, Chang MK, Palinski W, et al.
Antitumour necrosis factor (TNF)-alpha therapy (etanercept) (2001) Human-derived anti-oxidized LDL autoantibody blocks
down-regulates serum matrix metalloproteinase (MMP)-3 and uptake of oxidized LDL by macrophages and localizes to
MMP-1 in rheumatoid arthritis. Rheumatology 41: 484-489. atherosclerotic lesions in vivo. Arterioscler Thromb Vasc Biol 21:

66. Smolen JS, Beaulieu A, Rubbert-Roth A, Ramos-Remus C, 1333-1339.

Rovensky J, et al. (2008) Effect of interleukin-6 receptor 77. Grosso DM, Ferderbar S, Wanschel AC, Krieger MH, Higushi
inhibition with tocilizumab in patients with rheumatoid arthritis ML, et al. (2008) Antibodies against electronegative LDL inhibit
(OPTION  study): a double-blind, placebo-controlled, atherosclerosis in LDLr-/- mice. Braz ] Med Biol Res 41:
randomised trial. Lancet 371: 987-997. 1086-1092.

67. Emsley HC, Smith CJ, Georgiou RF, Vail A, Hopkins SJ, et al. ~ 78. Schiopu A, Frendéus B, Jansson B, Soderberg I, Ljungcrantz I, et
(2005) A randomised phase II study of interleukin-1 receptor al,. (2007) Recombinant antibodies to an oxidized low-density
antagonist in acute stroke patients. ] Neurol Neurosurg lipoprotein epitope induce rapid regression of atherosclerosis in
Psychiatry 76: 1366-1372. apobec-1-/-/low-density lipoprotein receptor-/- mice. ] Am

68. Markus HS, Labrum R, Bevan S, Reindl M, Egger G, et al. (2006) College Cardiol 50: 2313-2318.

Genetic and acquired inflammatory conditions are synergistically ~ 79. Caligiuri G, Nicoletti A, Poirier B, Hansson GK (2002) Protective
associated with early carotid atherosclerosis. Stroke 37: 2253 immunity against atherosclerosis carried by B cells of
2259. hypercholesterolemic mice. J Clin Invest 109: 745-753.

69. Qiu H, Gabrielsen A, Agardh HE, Wan M, Wetterholm A, et al.  80. Maron R, Sukhova G, Faria AM, Hoffmann E, Mach F, (2002)
(2006) Expression of 5-lipoxygenase leukotriene A4 hydrolase in Mucosal administration of heat shock protein-65 decreases
human atherosclerotic lesions correlates with symptoms of atherosclerosis and inflammation in aortic arch of low-density
plaque instability. Proc Natl Acad Sci 103: 8161-8166. lipoprotein receptor-deficient mice. Circulation 106: 1708-1715.

70. Hakonarson H, Thorvaldsson S, Helgadottir A, Gudbjartsson D, 81. Moos MP, John N, Grébner R, Nossmann S, Giinther B, et al.
Zink F, et al. (2005) Effects of a 5-lipoxygenase-activating protein (2005) The lamina adventitia is the major site of immune cell
inhibitor on biomarkers associated with risk of myocardial accumulation in standard chow-fed apolipoprotein E-deficient
infarction: a randomized trial. JAMA 293: 2245-2256. mice. Arterioscler Thromb Vasc Biol 25: 2386-2391.

71. de Boer OJ, van der Meer JJ, Teeling P, van der Loos CM, van der ~ 82. Aubry MC, Riehle DL, Edwards WD, Maradit-Kremers H, Roger
Wal AC (2007) Low numbers of FOXP3 positive regulatory T VL, et al. (2004) B-Lymphocytes in plaque and adventitia of
cells are present in all developmental stages of human coronary arteries in two patients with rheumatoid arthritis and
atherosclerotic lesions. PLoS One 2: €779. coronary atherosclerosis: preliminary observations. Cardiovasc

72. Steffens S, Burger F, Pelli G, Dean Y, Elson G, et al. (2006) Short- Pathol 13: 233-236.
term treatment with anti-CD3 antibody reduces the development 83. Kharlamov AN, Tyurnina AE, Veselova VS, Novoselova OS,
and progression of atherosclerosis in mice. Circulation 114: Filatova AS, et al. (2013) Plasmonics for Treatment of
1977-1984. Atherosclerosis: Results of NANOM-FIM Trial. Nanomed

73.  Olofsson PS, Soderstrom LA, Wiégsiter D, Sheikine Y, Ocaya P, Nanotechol 4:1.
et al. (2008) CD137 is expressed in human atherosclerosis and 84. Moulton KS, Olsen BR, Sonn S, Fukai N, Zurakowski D, et al.
promotes  development of plaque inflammation in (2004) Loss of collagen XVIII enhances neovascularization and
hypercholesterolemic mice. Circulation 117: 1292-1301. vascular permeability in atherosclerosis. Circulation 110:

74. Klingenberg R, Hansson GK (2009) Treating inflammation in 1330-1336.
atherosclerotic cardiovascular disease: emerging therapies. Eur 85. Roche LD, Hern’andez DA (2012) New Alternatives for
Heart ] 30: 2838-2844. Atherosclerosis Treatment Based on Immunomodulation ISRN.

75. Hansson GK, Nilsson ] (2009) Vaccination against Vasc Med.
atherosclerosis? Induction of atheroprotective immunity. Semin  86. Covington MB (2004) Omega-3 fatty acids. Am Fam Physician

Volume 101 « Issue 4 « 1000161

Immunopathol 31: 95-101.

70: 133-140.

e Page70f7


http://arthritis-research.com/content/13/2/215
http://arthritis-research.com/content/13/2/215
http://arthritis-research.com/content/13/2/215
http://arthritis-research.com/content/13/2/215
http://www.ncbi.nlm.nih.gov/pubmed?itool=pubmed_Abstract&DbFrom=pubmed&Cmd=Link&LinkName=pubmed_pubmed&IdsFromResult=18821691&retmode=ref
http://www.ncbi.nlm.nih.gov/pubmed?itool=pubmed_Abstract&DbFrom=pubmed&Cmd=Link&LinkName=pubmed_pubmed&IdsFromResult=18821691&retmode=ref
http://www.ncbi.nlm.nih.gov/pubmed?itool=pubmed_Abstract&DbFrom=pubmed&Cmd=Link&LinkName=pubmed_pubmed&IdsFromResult=18821691&retmode=ref
http://www.ncbi.nlm.nih.gov/pubmed?itool=pubmed_Abstract&DbFrom=pubmed&Cmd=Link&LinkName=pubmed_pubmed&IdsFromResult=18821691&retmode=ref
http://www.ncbi.nlm.nih.gov/pubmed?itool=pubmed_Abstract&DbFrom=pubmed&Cmd=Link&LinkName=pubmed_pubmed&IdsFromResult=18821691&retmode=ref
http://www.ncbi.nlm.nih.gov/pubmed/16170078
http://www.ncbi.nlm.nih.gov/pubmed/16170078
http://www.ncbi.nlm.nih.gov/pubmed/16170078
http://www.ncbi.nlm.nih.gov/pubmed/16170078
http://stroke.ahajournals.org/content/38/4/1179.full.pdf
http://stroke.ahajournals.org/content/38/4/1179.full.pdf
http://stroke.ahajournals.org/content/38/4/1179.full.pdf
http://stroke.ahajournals.org/content/38/4/1179.full.pdf
http://circ.ahajournals.org/content/114/9/873.full
http://circ.ahajournals.org/content/114/9/873.full
http://circ.ahajournals.org/content/114/9/873.full
http://circ.ahajournals.org/content/114/9/873.full
http://www.ncbi.nlm.nih.gov/pubmed?cmd=search&term=Agnarsson%20U%5Bau%5D&dispmax=50
http://www.ncbi.nlm.nih.gov/pubmed?cmd=search&term=Agnarsson%20U%5Bau%5D&dispmax=50
http://www.ncbi.nlm.nih.gov/pubmed?cmd=search&term=Agnarsson%20U%5Bau%5D&dispmax=50
http://www.ncbi.nlm.nih.gov/pubmed?cmd=search&term=Agnarsson%20U%5Bau%5D&dispmax=50
http://www.ncbi.nlm.nih.gov/pubmed/17712427
http://www.ncbi.nlm.nih.gov/pubmed/17712427
http://www.ncbi.nlm.nih.gov/pubmed/17712427
http://www.ncbi.nlm.nih.gov/pubmed/17712427
http://www.ncbi.nlm.nih.gov/pubmed/17043169
http://www.ncbi.nlm.nih.gov/pubmed/17043169
http://www.ncbi.nlm.nih.gov/pubmed/17043169
http://www.ncbi.nlm.nih.gov/pubmed/17043169
http://www.ncbi.nlm.nih.gov/pubmed/18285570
http://www.ncbi.nlm.nih.gov/pubmed/18285570
http://www.ncbi.nlm.nih.gov/pubmed/18285570
http://www.ncbi.nlm.nih.gov/pubmed/18285570
http://www.ncbi.nlm.nih.gov/pubmed/19880848
http://www.ncbi.nlm.nih.gov/pubmed/19880848
http://www.ncbi.nlm.nih.gov/pubmed/19880848
http://www.ncbi.nlm.nih.gov/pubmed/19468734
http://www.ncbi.nlm.nih.gov/pubmed/19468734
http://www.ncbi.nlm.nih.gov/pubmed/19468734
http://www.ncbi.nlm.nih.gov/pubmed/11498462
http://www.ncbi.nlm.nih.gov/pubmed/11498462
http://www.ncbi.nlm.nih.gov/pubmed/11498462
http://www.ncbi.nlm.nih.gov/pubmed/11498462
http://www.ncbi.nlm.nih.gov/pubmed/11498462
http://www.ncbi.nlm.nih.gov/pubmed/19148370
http://www.ncbi.nlm.nih.gov/pubmed/19148370
http://www.ncbi.nlm.nih.gov/pubmed/19148370
http://www.ncbi.nlm.nih.gov/pubmed/19148370
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3844667/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3844667/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3844667/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3844667/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3844667/
http://www.ncbi.nlm.nih.gov/pubmed/11901183
http://www.ncbi.nlm.nih.gov/pubmed/11901183
http://www.ncbi.nlm.nih.gov/pubmed/11901183
http://www.ncbi.nlm.nih.gov/pubmed?db=pubmed&cmd=link&linkname=pubmed_pubmed&uid=18048768
http://www.ncbi.nlm.nih.gov/pubmed?db=pubmed&cmd=link&linkname=pubmed_pubmed&uid=18048768
http://www.ncbi.nlm.nih.gov/pubmed?db=pubmed&cmd=link&linkname=pubmed_pubmed&uid=18048768
http://www.ncbi.nlm.nih.gov/pubmed?db=pubmed&cmd=link&linkname=pubmed_pubmed&uid=18048768
http://www.ncbi.nlm.nih.gov/pubmed/16179593
http://www.ncbi.nlm.nih.gov/pubmed/16179593
http://www.ncbi.nlm.nih.gov/pubmed/16179593
http://www.ncbi.nlm.nih.gov/pubmed/16179593
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3373006/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3373006/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3373006/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3373006/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3373006/
http://elar.urfu.ru/bitstream/10995/24834/1/urfu1368s.pdf
http://elar.urfu.ru/bitstream/10995/24834/1/urfu1368s.pdf
http://elar.urfu.ru/bitstream/10995/24834/1/urfu1368s.pdf
http://elar.urfu.ru/bitstream/10995/24834/1/urfu1368s.pdf
http://www.ncbi.nlm.nih.gov/pubmed/15313955
http://www.ncbi.nlm.nih.gov/pubmed/15313955
http://www.ncbi.nlm.nih.gov/pubmed/15313955
http://www.ncbi.nlm.nih.gov/pubmed/15313955
http://www.hindawi.com/journals/isrn/2012/785094/
http://www.hindawi.com/journals/isrn/2012/785094/
http://www.hindawi.com/journals/isrn/2012/785094/
http://www.ncbi.nlm.nih.gov/pubmed/15259529
http://www.ncbi.nlm.nih.gov/pubmed/15259529
http://dx.doi.org/10.4172/lpma.1000161

	Contents
	Diagnosis and Treatment of Atherosclerosis: A Review Article
	Abstract
	Keywords:
	Introduction
	Factors that influences atherosclerotic lesions
	Diagnosis and assessment of severity
	Treatment of atherosclerosis
	Lipid Lowering Agents:
	HMG-CoA Reductase Inhibitors (Statins)
	Fibric Acid Derivatives
	Bile Acid Sequestrants
	Cholesterol Absorption Inhibitors
	Niacin

	Anti-inflammatory and immunomodulators
	Local adiponectin
	Tumor necrosis factor-α blockade
	Interleukin-1 receptor antagonism
	Leukotrienes Modifiers
	Expansion of Regulatory T Cells
	Atherosclerosis-specific immunization
	Lipid-Based Vaccination
	Heat Shock Proteins
	B-Cell Modulation

	Alternative Therapies
	Plasmonic photothermal therapy (PPTT) using near-infrared (NIR) laser irradiation
	Therapies Based on Response-to-Retention Hypothesis
	Eicosapentaenoic Acid from Fish Oil:

	Conclusion
	Conflict of interest
	References


