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Abstract 

Atherosclerosis is an immune-inflammatory disease, in which pathophysiological mechanisms include 
inflammation patterns and epigenetic changes that alter gene expression of several inflammatory and 
non-inflammatory mediators. Epigenetics is offering explanations on how diet, environmental factors 
and lifestyle can influence the onset and progression of the disease, and how these alterations can be 
transmitted to the following generations without any changes in DNA sequences. Statins, through their 
pleiotropic effects, provide a useful tool in controlling the progression of plaques and their subsequent 
impact. 

 
 

Introduction 

Atherosclerosis is a progressive disease, type immune 
inflammatory, characterized by the accumulation of lipids 
in the media layer of large and medium arteries walls. It is 
now considered a common disease in which, plaques and 
fatty deposits appear in the inner layer of the arteries [1]. 
The formation of these plaques begins with the deposition 
of small crystals in the intima and its underlying muscle 
layer, which grows with the proliferation of fibrous tissue 
and smooth muscle tissue around it, heading into the 
arteries lumen with the consequent reduction in blood flow. 
The reduction of connective tissue fibroblasts and 

deposition of calcium in the injury causes sclerosis of the 
arteries [1]. Finally, an uneven surface leads to clotting and 
thrombosis, resulting in a sudden blockage of blood 
flow [2]. 
 
Among the risk factors are described: hyperlipidemia, 
diabetes mellitus, hypertension and smoking. Therefore, 
atherosclerosis represents the cause of cardiovascular 
morbidity most important worldwide. Understanding its 
pathophysiological mechanisms has allowed the 
development of therapeutic strategies producing a 
substantial reduction of clinical manifestations and acute 

complications of this entity [2]. 
 
Competitive inhibitors of 3-hydroxy-3 methylglutaryl CoA 
reductase, better known as statins have demonstrated over 
the years an ability to reduce the onset and progression of 
atherosclerosis. This makes them an alternative for  

 
prevention and progression of atherosclerosis [3]. Among 
the studies that demonstrate their use, the Justification for 
the Use of statins in Prevention: an Intervention Trial 
Evaluating Rosuvastatin (JUPITER) showed a reduction of 
44% in the rate of major vascular events: myocardial 
infarction, cerebral vascular accident, revascularization, 
hospitalization for unstable angina and vascular death. 
Thus, their use is justified to reduce cardiovascular risk 
factors and to prevent major events [4]. 
 
The mechanisms through which statins exert this effect at 
the vascular level, is beyond their power for inhibition of 

endogenous cholesterol production. Several pleiotropic 
effects involving immunological, inflammatory and 
endothelial function components, favoring risk reduction in 
treated cardiovascular patients have been found [3]. 
 
This review aims to update pathophysiological concepts of 
atherosclerosis, and the pleiotropic effects of statins on 
cardiovascular diseases of atherosclerotic origin. 
 
For this review, scientific articles were retrieved through 
MEDLINE, Medscape and UpToDate search engines. We 

made particular emphasis in the current pathophysiological 
concept, in order to develop references regarding 
epigenetic and the effect of statins, beyond the current 
concept we have of it. 
 
New concepts in pathophysiology of atherosclerosis 
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Hematopoietic cells and atherosclerosis 
It has been known for several years that patients with 
hypercholesterolemia present elevated inflammatory cell 
counts (neutrophils and monocytes) in peripheral blood, 
which are associated with high risk of acute coronary 
events [1],[5]. It has also been observed that 

hypercholesterolemia, specifically elevated levels of 
oxidized LDL cholesterol (oxcLDL), induces monocyte 
migration to the atherosclerotic plaque. This favors the 
growth that leads to instability thereof and the resulting 
complications. This  situation has been confirmed by 
subsequent studies, where it has been observed that 
hypercholesterolemia caused by diet promotes monocyte 
migration, identified by clusters of differentiation 
CD16─CD14+, to injury atheromatous [6],[7]. Other 
animal models of hypercholesterolemia have shown that 
the number of monocytes in peripheral blood is directly 
related to the size of the atheromatous [8] damage. 

Similarly thus, hypercholesterolemia induces the release of 

the granulocyte colonies growth factor with subsequent 
elevation of neutrophils, which have a direct relation with 
the onset, progression and severity of 
atherosclerosis [7],[9]. 
 
It has been shown in animal models that 

hypercholesterolemia induces proliferation of precursor 
inflammatory cells, which are released into the general 
circulation because of stimulation of the LDL [9]receptor. 
These precursor cells migrate to the spleen, which serves 
as a reservoir where they receive stimulation by interleukin 
3 (IL-3) and factor granulocyte colony stimulating 
macrophage (GMCFS). These proliferate and differentiate 
into monocytes, who then are recruited in atheromatous 
lesions. These findings suggest that cholesterol is able to 
mobilize inflammatory progenitor cells outside the bone 
marrow, a fact that promotes myelopoiesis and 
extramedullary rapid progression of vascular lesions [10] 

(Figure 1).
 
 

 
 

Figure 1. Effects of high cholesterol levels on bone marrow and spleen arteries 
 

 
Inflammation and atherosclerosis 
Atherosclerosis is considered a chronic inflammatory 
disease of the arterial wall. This assertion is based on the 
findings of abundance of phagocytic cells within 
atheromatous plaques [11]. Furthermore, elevated levels 
of inflammatory markers in the blood of patients with 

cardiovascular disease and atherosclerosis have been 
found [12]. Traditionally monocytes can be divided into two 
subpopulations, known as classic or inflammatory Act- 6C 
(high), and non-classical or resident Law-6C (low). There 
are substantial differences in the type and amount of 

chemokines receptors in the membrane of each population. 
However, studies mapping populations of 
monocytes/macrophages in murine models show that 
resident monocytes necessarily come from inflammatory 
lymphocytes [12],[13]. 
 

The immune-mediated inflammation is a major component 
of atherosclerotic process. The complement system, Toll-
like (TLR) receptors and their interactions, may be of 
interest with respect to the pathogenesis and therapeutic 
targets in atherosclerosis. Animal studies indicate that 
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inhibition of C3 to C5 reduces atherosclerosis. Meanwhile, 
clinical studies have shown that complement and Toll-Like 
are overexpressed in atherosclerotic disease, but 
interventional clinical trials have failed in this 
regard [14],[15]. 
 

Similarly, there is an increase in serum levels of 
chemokines, which are responsible for the chemotaxis of 
phagocytic cells within atheromatous plaques [12]. It is 
interesting to see how there is functional redundancy in the 
actions of various chemokines given by the ability of some 
to interact with multiple receptors simultaneously, and by 
the ability of receptors to be activated with different 
ligands. In general, there are three combinations of 
chemokines (ligand: receptor) relating to the Act-6C 
migration (high), which include molecules known as CCL2: 
CCR2, CX3CL1: CX3CR1, and CCL5: CCR5. Deficiency of 
these three chemokines, in animal models has led to the 

complete attenuation in murine models of atherosclerosis. 
Migration of resident populations of monocytes occurs less 
and it is often related to the axis CX3CL1: 
CX3CR1[16],[17]. However, chemokines functions are not 
limited to the chemotactic function, but also they have 
metabolic effects related to the inhibition of reverse 
transport of cholesterol, which is mediated by 
CCL2chemokine. This induces suppression of key proteins 
involved in the efflux of cell cholesterol [8]. Here is one of 
the pleiotropic effects of statins, which attenuate the 
expression of chemokines and their receptors[18]. 

Epigenetics and atherosclerosis 
Epigenetic (Figure 2) provides an explanation of how the 
diet, environmental factors and lifestyle may induce 
aberrations in gene expression, altering methylation 
acetylation patterns of DNA and histones at a nuclear level. 
Processes related to the expression and repression of 

genes, are based on the state of acetylation and 
methylation of DNA and histones, respectively. A 
hypermethylated gene cannot be transcribed. Acetylated 
histones allow the passage of heterochromatin (dense) to 
euchromatin (loose or open) allowing gene transcription. 
Methylated genes are surrounded by not acetylated 
histones. These processes can last the life of the individual 
and even transmitted to subsequent generations [19]. The 
importance of methylation as a contributing factor in the 
pathogenesis of atherosclerosis was demonstrated in a 
study that linked general DNA hypermethylation in 
inflammatory cells of peripheral blood, with predisposition 

and natural history of atherosclerosis. However, this study 
did not assess epigenetic changes associated with vascular 
endothelial cells and vascular smooth muscle cells [16]. 
Hypermethylation states of the genome are observed in 
patients having high levels of C reactive protein, which 
relates to the chronic inflammatory status accompanying 
cardiovascular diseases [20]. 
 
 

 

 
Figure 2. Epigenetic processes. 
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Besides DNA methylation within the pathophysiological 
spectrum, another mechanism immersed in the origin and 
predisposition to atherosclerosis is described, non-coding 
RNAs as epigenetic regulators [21]. Transcription of the 
genome in various forms of RNA, including antisense RNA, 
is currently well established. Noncoding RNAs are 

considered epigenetic marks because they participate in the 
control of gene expression without involving changes in the 
nucleotide sequence or in DNA copy number [22]. Non 
coding RNAs do not produce changes on the DNA molecule, 
they are responsible for monitoring the post-transcriptional 
gene expression by binding to target messenger RNAs. In 
this way, they promote, degrade or inhibit their translation, 
avoiding gene expression in all cases. 
 
Noncoding RNAs best studied and characterized are 
microRNAs in charge of finely setting and directing 
translation of up to 60% of the genes encoding human 

proteins. At present, there are more than 1000 described 
human microRNAs. In recent years the important role they 
play in cardiovascular diseases has been noted, not only as 
molecules involved in the pathogenesis of different 
cardiovascular phenotypes, but also as potential 
biomarkers of risk and progression of heart disease and 
acute myocardial infarction, cardiovascular disease or heart 
failure [23]. In this context, an important outcome that 
explains microRNAs crucial function in the development of 
the cardiovascular system is describing that the elimination 
of mice Dicer (RNase that processes the pre-miRNAs) 

involves defects in angiogenesis, vessel formation and 
cardiac development [24]. 
 
The study of microRNAs has allowed relating them to many 
of the processes or basic mechanisms involved in the 
development of arteriosclerosis. Thus, it has been shown 
that microRNAs function as key drivers of gene expression, 
and therefore, of functionality of the different cell types 
involved in arteriosclerosis (endothelial cells, vascular 
smooth muscle cells, monocytes, and macrophages). In 
addition, they have been implicated in the control of 
processes such as inflammation, heart and lipoprotein 

metabolism, cholesterol biosynthesis and uptake, cardiac 
remodeling, endothelial dysfunction, angiogenesis or 
differentiation, migration and cell proliferation.  
 
Along with regulating intracellular targets, it is described 
that microRNAs are present in physiologically significant 
blood concentrations. Although stimuli that trigger the 
secretion of RNA into microcirculation are unclear, 
circulating micro RNAs can be stably transported and 
delivered to destination cells thanks to their incorporation 
into apoptotic bodies [22], exosomes, HDL particles and 
the formation of Argonaut complexes[22]. More studies are 

needed to clarify whether endogenous circulating 
microRNAs may be directed to target cells to facilitate 
communication between different organs and thus regulate 
the gene expression systemically. Yet, the role of 
circulating micro RNA as specific biomarkers of disease is 
much more studied[22]. 
The challenge in these studies is to identify such micro 
accurate and reproducible specific RNAs, or a set of them 
to be used as biomarkers of risk or progression of disease, 

and to identify those patients susceptible of developing the 
disease. 
 
Finally, it is reported that some microRNAs may increase 
the proliferation and differentiation of human 
cardiomyocytes from embryonic stem cells or human 

progenitor cells [25]. Moreover, using these specific 
microRNAs can increase reprogramming adult fibroblasts, 
directly into cardiomyocyte lineage cells [26]. It has also 
been reported that overexpression cluster -17-92 
microRNA in mice increases proliferation of cardiac 
progenitor cells and facilitates heart regeneration after 
acute myocardial infarction [25]. Therefore, one might 
think that these micro RNAs can become therapeutic 
targets for repairing heart damage and for heart 
regeneration. 
 
Statins and atherosclerosis 

Statins main mechanism of action is the inhibition of 3-OH-
3-methylglutaryl CoA reductase enzyme, which is key in the 
process of endogenous cholesterol synthesis. Pleiotropic 
effects of statins occur at the immunologic level where they 
regulate the inflammatory response at different levels [27]. 
 
Statins are related to the regulation of the expression of 
class II molecules of the major histocompatibility complex, 
which is mediated by interferon gamma (INF γ) [2]. This 
effect of this pharmacological group is mediated by the 
inhibition of the expression of PIV transactivator of major 

class II histocompatibility complex, a main promoter of the 
expression of major class II histocompatibility complex, 
needing nanomolar and micromolar concentrations of 
statins. From all statins, atorvastatin has the highest effect 
in inhibiting the mentioned promoter [23]. However, the 
inhibition effect on the major histocompatibility complex is 
specific for class II, since no effects have been seen in class 
I major histocompatibility complex [23]. 
 
Statins also affect costimulatory signals of T cells 
activation, similarly, to what they do with the major 
histocompatibility complex. Statins regulate the expression 

of costimulatory molecules such as CD40, CD80, and CD86 
in lymphocytes, macrophages, microglia and endothelial 
cells. In turn, statins also suppress cytokine-induced 
maturation of dendritic cells, which results in a decreased 
receptor expression of chemokine CC7, CD40, CD83, CD86 
and HLA-DR, and thus activation of T cells, [4],[28]. 
 
Regarding the leukocyte adhesion molecules, statins can 
block a leukocyte surface protein called LFA1, which joins 
the molecule of intercellular adhesion 1 (ICAM1), which 
besides facilitating leukocyte diapedesis also provides 
costimulatory signals for T lymphocytes [4]. 

 

Conclusions 

Atherosclerosis is the leading cause of cardiovascular 

morbidity and mortality in western society. Advances in the 
understanding of its pathophysiology have allowed to not 
only improve treatment and prevent complications, but to 
develop new treatments aimed at therapeutic targets 
related to control inflammation and epigenetic changes 
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observed in this pathology. New therapeutic tools ahead for 
the control and stabilization of atheromatous plaques. 
However, statins remain the main weapon for this purpose 
since their mechanism of action on plasma cholesterol level, 
and pleiotropic effects offer a very broad utility, with an 
optimum safety and cost profile. 

Notes 
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