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Inflammation in atherosclerosis: Role in pathogenesis 
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Abstract

Studying the factors influencing the development of inflammation in atherosclerosis 
is an important step to better understand the pathogenesis of this disease. In this 
review, we consider the process of development of inflammation in atherosclerosis, the 
influence of various cell types on the development of inflammation in atherosclerosis, 
and the relationship between the inflammatory response and the progression of the 
disease. In addition, several strategies for anti-inflammatory therapy of atherosclerosis 
have been proposed, which may find their practical application in the near future. 
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Introduction

Atherosclerosis is a chronic inflammatory disease of the arteries and is the main 
cause of about 50% of all deaths in a Europeanized society [1]. It is primarily a lipid-
dependent process initiated by the accumulation of low-density lipoproteins and 
residual lipoprotein particles, as well as an active inflammatory process in the focal areas 
of the arteries, especially in areas of impaired non-laminar blood flow at the arterial 
bifurcation points, and is considered the main cause of Atherosclerotic Cardiovascular 
Disease (ASCVD), leading to heart attacks, stroke, and peripheral arterial disease [2].

Currently, atherosclerosis is a common disease in which fatty deposits, called 
atheromatous plaques, appear in the inner layers of the arteries. The formation of 
these plaques begins with the deposition of small cholesterol crystals in the intima 
and underlying smooth muscle. Then the plaques grow with the growth of fibrous 
tissue and smooth muscles surrounding them and protrude into the arteries and, as a 
result, reduce blood flow. The production of connective tissue by fibroblasts and the 
deposition of calcium in the lesion cause sclerosis, or hardening of the arteries. Finally, 
the uneven surface of the arteries leads to the formation of blood clots and thrombosis, 
which leads to a sudden obstruction of blood flow [3]. Atherosclerosis can manifest as 
Coronary Heart Disease (CHD), Cerebrovascular Disease (CVD), Transient Ischemic 
Attack (TIA), Peripheral Arterial Disease (PAD), abdominal aneurysms, and renal 
artery stenosis in men [4].

Atherosclerosis has a multifactorial etiology. The most common risk factors include 
hypercholesterolemia (LDL cholesterol), arterial hypertension, diabetes mellitus, 
cigarette smoking, age (men over 45 and women over 55), and male gender. In 
addition, sedentary lifestyle, obesity, diets high in saturated and Tran’s fatty acids and 
some genetic mutations contribute to the risk [5].

Since atherosclerosis is predominantly an asymptomatic disease, it is difficult to 
accurately determine the incidence. Atherosclerosis is considered the main cause of 
cardiovascular disease. Atherosclerotic cardiovascular diseases mainly affect the heart 
and brain: Coronary Heart Disease (CHD) and ischemic stroke. IHD and stroke are 
the first and fifth causes of death in the world, respectively [6].
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Atherosclerosis mainly develops as a result of a continuous process 
of damage to the arterial wall due to the retention of lipids by 
entrapment of the intima by a matrix such as proteoglycan, 
which leads to modification, which in turn exacerbates chronic 
inflammation in vulnerable areas of the arteries and plays an 
important role in all phases. Progression of atherogenesis, this 
process begins with nascent fatty streaks in the intima of the 
arteries, which develop into fibrous plaques and develop into 
complex atherosclerotic lesions prone to rupture. In addition, 
stenosis due to inward expansion of atheroma can lead to occlusion 
of vessels, such as coronary vessels [7].

Changes in plasma homeostasis, such as hypercholesterolemia, 
are one of the major risk factors for atherosclerosis. First, it 
affects Endothelial Cells (ECs), which, when activated, express 
new adhesion molecules and chemotactic factors that provoke 
an inflammatory process. The latter involves the recruitment of 
circulating immune cells, which exacerbates and accelerates the 
development of atheroma. The initial optimistic view that the 
correction of dyslipidemia would eliminate atherosclerosis did not 
materialize, as extensive data have shown that inflammation itself 
can be the initiator or key factor in all stages of this disease; from 
the initial lesion to plaque rupture [8].

To date, the treatment of atherosclerosis is the treatment of risk 
factors such as elevated LDL cholesterol, Blood Pressure (BP), 
diabetes, and others. In addition, patients should exercise regularly 
and follow a healthy diet low in saturated fats and trans fats. 
Inhibitors of 3-hydroxy-3-methylglutarylcoenzyme A-reductase 
(statins) are the basis for lowering LDL cholesterol levels and 
reducing cardiovascular events and mortality. BP control requires 
2 or more drug classes, including Angiotensin-Converting Enzyme 
(ACE) inhibitors, Angiotensin II Receptor Blockers (ARBs), 
diuretics, beta-blockers, Calcium Channel Blockers (CCBs), and 
vasodilators. For clinical ASCVD, revascularization procedures 
such as angioplasty, bypass, and others are justified. In addition, 
thrombolysis is also a therapeutic option for CVA, acute limb 
ischemia due to a thrombus/ embolus [9].

Literature Review

General model for the development of inflammation in 
atherosclerosis

Most cardiovascular complications result from plaque rupture, 
the probability of which is inversely proportional to the content 
of Smooth Muscle Cells (SMCs) in the lesion. Therefore, the 
prevailing view of SMCs in progressive atherosclerosis postulates 
that these cells play a predominantly beneficial role as they 
provide a stabilizing fibrous cap and generate extracellular matrix 
[10]. In the early stages of atherosclerosis, activated platelets 
secrete chemokines, such as CC-motif chemokine 5 (CCL5), 
which promote monocyte and neutrophil adhesion. Neutrophils 

themselves secrete chemotactic granule proteins (including 
cathelicidin, cathepsin G, and CCL2), thereby paving the way 
for arterial monocyte infiltration. The chemokine environment 
is complemented by chemokines secreted by activated smooth 
muscle cells such as CCL2 and CCL5 [11]. In progressive 
atherosclerotic lesions, medial SMCs migrate to the developing 
fibrous operculum, where they undergo clonal expansion. Somatic 
mutations cause clonal expansion in non-malignant tissues during 
aging, and clonal expansion in myeloid cells is associated with an 
increased risk of cardiovascular events [12].

Once in the fibrous capsule, SMCs are the main producers of the 
extracellular matrix. Although definitive evidence is lacking, data 
from mice lacking COL15A1, which encodes the collagen chain, 
especially in α-Smooth Muscle actin (SMC), and proteomics 
secretomas of lipid-laden SMCs strongly suggest that SMCs 
contribute to the formation of a fibrous cap. However, lipid 
uptake and changes in interactions between SMC and extracellular 
matrix alter the SMC phenotype by increasing the expression 
of markers commonly attributed to macrophages [13]. In 
advanced atherosclerotic plaques in mice, 30%-70% of cells with 
macrophage markers (also known as foam cells) are SMC; similar 
observations have been made in human atherosclerotic plaques 
[14]. The detrimental consequences of this phenotypic switch 
to macrophage-like SMKs are supported by a study in which the 
transcription factor Kruppel-Like Factor 4 (KLF4), a transcription 
factor previously reported to control the phenotypic switch of 
SMKs during development was deleted specifically in SMK. 
These mice show reduced SMC switching, a distinct increase in 
fibrous cap thickness, and an increased content of αSMA+ cells 
in the fibrous cap [15]. The increased lipid load of SMC induces 
apoptosis of SMC and, if not quickly resolved, necrosis. SMCs 
also undergo cell death after interaction with histone H4 present 
in Neutrophil Extracellular Traps (NET) [16]. NET release is 
licensed by cholesterol crystals, lipopolysaccharides, modified 
lipids, and chemokines, such as CCL7. NETs exhibit cytotoxicity 
via NET-resident histones, activate the NLRP3 inflammasome in 
macrophages, and induce coagulation via factor XII cleavage and 
Tissue Factor Pathway Inhibitor (TFPI), as well as direct platelet 
activation. NET-associated cytotoxicity is observed during plaque 
erosion, when NETs released at sites of impaired blood flow cause 
desquamation of endothelial cells [17]. Thereby contributing to 
the accelerated growth of plaques under these conditions [18]. 
Monocyte-derived macrophages engulf modified lipids and 
release inflammatory chemokines and cytokines in response. 
Activation of atheroma macrophages decisively determines the 
inflammatory environment in the plaque. Cholesterol crystals in 
plaque coactivate inflammasome containing the NACHT, LRR 
and PYD domains containing protein 3 (NLRP3), which has 
received considerable attention in the context of atherosclerosis 
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luminal stenosis after damage to the intima and internal elastic 
lamina. Once numerous SMCs migrate into the intima, their 
excessive proliferation and suppression of apoptosis promotes 
extracellular matrix synthesis and lipid deposition, which 
consequently promotes fibrosis and thickening of the arterial wall, 
as well as luminal stenosis. Human SMCs express numerous lipid 
uptake receptors, such as the Low-Density Lipoprotein receptor 
(LDL) and SR, promoting the formation of myogenic PCs [22].

Fibroblasts: Fibroblasts are the main cell population involved in 
extracellular matrix remodeling. Fibroblasts arise as a result of 
differentiation of other cell populations, including stem cells and 
resting resident tissue cells in fibrous plaques in atherosclerosis 
[26]. Myofibroblasts also produce profibrotic factors such as 
Transforming Growth Factor-β1 (TGF-β1), Angiotensin II (Ang 
II), and Interleukin-1 (IL-1), which allow them to assist in the 
activation and migration of resident immune cells. After wound 
healing, these cells undergo apoptosis or senescence; however, in 
the presence of unresolved inflammation and persistence of signals 
for myofibroblast activation, tissue homeostasis is disrupted, 
leading to excessive secretion of Extracellular Matrix (ECM), 
ECM disorganization, and thickening of the affected tissue [22].

Adipocytes: Adipocytes are the main type of cells that make 
up adipose tissue. It has been shown that Perivascular Adipose 
Tissue (PVAT) not only stores triacylglycerols/triglycerides and 
Free Fatty Acids (FFAs) involved in energy metabolism, but also 
secretes certain amounts of adipokines such as leptin, adiponectin, 
visfatin, resistin, TNF-α. IL-6, IL-8, MCP-1 and Plasminogen 
Activator Inhibitor 1 (PAI-1), which play an indispensable role 
in atherosclerosis by mediating SMC migration and proliferation, 
promoting hyperplasia and neointima formation, stimulating 
inflammatory reactions and oxidative stress, and regulating 
vascular tone [27]. For example, lipid mediators such as FFAs and 
adipokines have been shown to affect SMC function by inducing 
increased proliferation and inflammatory signaling, and it has 
been suggested that elevated levels of fatty acids and adipokines 
released in obesity may reveal the relationship between dysfunction 
SMC, vascular inflammation and atherosclerosis [28]. In addition, 
adipocytes play an indispensable role in the inflammatory response 
to atherosclerosis. The result of proteomic analysis showed that 
Empirical Adipose Tissue (EAT) exhibits increased oxidative stress 
compared to Subcutaneous Adipose Tissue (SAT) in patients 
with cardiovascular disease, suggesting its possible association 
with myocardial stress. Similarly, perivascular visceral fat leads 
to endothelial dysfunction and accelerates the development 
of atherosclerosis, as demonstrated by visceral adipose tissue 
transplantation in mice [29].

The role of immune cells in inflammation in atherosclerosis

Macrophages: It has been noted that in atherosclerosis, 

[19]. Crystal priming of lipid-modified cholesterol such as 
oxidized Low-Density Lipoprotein (LDL) or impaired cholesterol 
efflux triggers the Nuclear Factor-κB (NF-κB) signaling pathway, 
promoting transcription of NLRP3 and pro-IL-1β. Assembly of 
the NLRP3 inflammasome induces the activation of caspase 1, 
which cleaves pro-IL-1β to mature IL-1β. Excessive lipid uptake 
causes macrophage proliferation or even cell death [20].

The role of non- immune cells in the development of 
inflammation in atherosclerosis

Endothelial cells: Endothelial Dysfunction (ED) is the primary 
and decisive stage in the development of atherosclerosis. 
Numerous cardiovascular risk factors such as obesity and diabetes 
mellitus potentially initiate Endothelial Cell (ECs) damage, 
causing ED. Under normal conditions, the endothelium regulates 
vascular inflammation by secreting Nitric Oxide (NO), while 
dysfunctional endothelium accelerates the formation of Reactive 
Oxygen Species (ROS) and increases vascular inflammation, 
which is harmful to the vascular system [21]. Endothelial injury 
disrupts the balance between vasoconstriction and vasodilation, 
which is characterized by an increase in Endothelial Contraction 
Factor (EDCF) and initiates a number of pathophysiological 
changes that promote or exacerbate atherosclerosis, including 
increased vascular permeability to lipoproteins and increased 
leukocyte adhesion, platelet aggregation, and cytokine production 
[22]. On the other hand, various inflammatory cytokines such as 
Tumor Necrosis Factor α (TNF-α), Interleukin 1 (IL-1) and IL-6 
induce endothelium to express Vascular Cell Adhesion Molecule 
(VCAM), Intercellular Adhesion Molecule (ICAM), Monocyte 
Chemoattractant Protein 1 (MCP-1) and other chemokines, 
hence promoting monocyte adhesion and migration [23]. Once 
in the intima, monocytes acquire the characteristics of tissue 
macrophages. Monocytes upregulate Scavenger Receptor (SR) 
expression and then internalize modified lipoproteins. The above 
processes consistently lead to the formation of foam cells (PC), 
which can be considered as an early atherosclerotic lesion [22]. 
After atherosclerotic plaque rupture, the physiological balance 
between antithrombotic and thrombotic agents is disrupted due 
to EC dysfunction, leading to an increase in thrombotic agents 
(eg, von Willebrand Factor (vWF), TXA 2) and a decrease in 
antithrombotic agents, such as heparin. These effects facilitate the 
process of thrombosis, causing devastating consequences [24]. In 
conclusion, all of the aforementioned factors contribute to the 
development of atherosclerosis, indicating an indispensable role 
for endothelial cells in the progression of atherosclerosis.

Smooth muscle cells: Smooth Muscle Cells (SMCs) have 
a fundamental effect on the development of atherosclerosis 
due to their migration into the intima and proliferation [25]. 
Interestingly, migrating SMCs play a key role in the process of 
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of atherosclerotic lesions, such as endothelial cells and vascular 
smooth muscle cells [40]. The production of Tumor Necrosis 
Factor (TNF) and interferon-γ by CD8+ T cells further enhances 
inflammation and causes further progression of atherosclerotic 
plaque formation [40]. At the same time, atherosclerotic lesions 
also contain a subpopulation of regulatory CD8+ T cells, which 
has an atheroprotective effect through cytotoxic activity directed 
at antigen-presenting cells, as well as through inhibition of the 
polarization of CD4+ T lymphocytes into proatherogenic subtypes 
[40].

CD4+ T-lymphocytes: CD4+ T lymphocytes are important 
regulators of the adaptive immune response and are present in large 
numbers in atherosclerotic plaques. Different subpopulations of 
CD4+ T-lymphocytes can affect the pathogenesis of atherosclerosis 
in different ways, which determines the multifaceted significance 
of CD4+ T-lymphocytes in atherosclerosis. It is known that 
peptide fragments of oxidized LDL molecules, apolipoprotein 
B-100, and heat shock proteins are processed and presented on the 
surface of antigen-presenting cells as part of the MHCII complex 
as antigens in atherosclerosis to CD4+ T-lymphocytes [41]. In 
experimental mouse models, the atherogenic role of the Th1 CD4+ 
T-lymphocyte subpopulation and the atheroprotective role of Th2 
CD4+ T-lymphocytes were shown [42]. In advanced atherosclerotic 
lesions, T-helpers with the Th1 phenotype are present in 
significantly higher numbers compared to Th2, as demonstrated 
by increased levels of the cytokines IL2 and interferon-γ and 
decreased levels of IL4, IL5, and IL10 [42]. Dendritic cells and 
macrophages are able to activate Th1 through the production of 
IL22. In addition, an atheroprotective role has been shown for 
a population of regulatory T-helpers (Treg.) Thus, in the ApoE-
/-mouse model, it was demonstrated that the introduction of 
Treg. led to a decrease in the secretion of IFN-γ, an increase in the 
production of IL-10 and a significant decrease in the size of the 
atherosclerotic lesion [43]. In the study in vitro Treg. Inhibited the 
formation of foam cells and shifted the polarization of maturing 
macrophages towards the M2 phenotype [44].

Dendritic cells: Dendritic cells (DCs) have the unique property of 
being conductors between innate and adaptive immune responses. 
They are the primary activators of both naive and memory T cells. 
The cholesterol-accumulating subpopulation of foam cells most 
likely originates from dendritic cells [45]. The mechanism of this 
transformation is not yet fully understood, but most likely involves 
the processes of macropinocytosis, receptor-mediated endocytosis, 
scavenger receptor-mediated uptake, and direct uptake from 
the bloodstream through dendritic processes and efferocytosis, 
apoptotic cells [45]. It has been shown that LDL itself can influence 
the function of dendritic cells in atherosclerosis. Both native LDL 
and modified LDL are able to initiate the maturation of dendritic 
cells, thus affecting the efficiency of antigen presentation to 

macrophages take an active part in the accumulation of lipoprotein 
deposits, which leads to the transformation of macrophages into 
foam cells filled with lipid droplets [30]. In turn, an increase 
in the concentration of foam cells leads to an even greater 
accumulation of lipids and, as a result, to the development of 
atherosclerotic plaques. At the same time, macrophages located in 
an atherosclerotic plaque are not capable of effective migration, 
which leads to chronic inflammation and subsequent pathological 
development of a plaque into a complicated atherosclerotic 
plaque [30]. Macrophages lacking the ability to migrate, however, 
actively produce pro-inflammatory cytokines, chemokines, and 
Reactive Oxygen Species (ROS). After death, the accumulation of 
macrophages form a necrotic core in the developing atherosclerotic 
plaques [31]. It is known that atherosclerotic plaques contain a large 
number of pro-inflammatory macrophages or M1-macrophages, 
while at the same time there are also anti-inflammatory 
macrophages (M2-macrophages) [32]. M2 type macrophages have 
been shown to reside in more stable plaque regions and have better 
resistance to transformation into foam cells [33]. Therefore, the 
ratio of pro-inflammatory and anti-inflammatory macrophages 
can reflect the progression and regression of atherosclerotic plaque 
formation. The polarization of macrophages in atherosclerosis is 
directly affected by various lipoproteins. Thus, it is known that 
LDL, including both native and modified forms, contributes 
to the pro-inflammatory polarization of macrophages [34]. In 
a study [35], it was found that the cultivation of macrophages 
in a medium supplemented with LDL led to an increase in the 
expression of pro- inflammatory molecules TNF-α and IL-6 
and a decrease in the expression of anti-inflammatory molecules 
CD206 and CD200R. At the same time, HDL has the opposite 
effect. In an atherosclerotic mouse model, it was demonstrated 
that normalization of serum HDL levels led to a decrease in the 
proportion of pro- inflammatory macrophages and, in turn, an 
increase in the proportion of M2 type macrophages [36].

CD8+ T-lymphocytes: It is known that one of the populations 
of leukocytes present in atherosclerotic lesions are CD8+ 
T-lymphocytes, and in comparison with the population of 
circulating CD8+ T-lymphocytes, CD8+ T-cells of atherosclerotic 
plaques are predominantly activated, which implies the antigenic 
specificity of this subpopulation of cells [37]. At the same time, 
it remains unclear whether CD8+ T cells can be primed or 
activated locally in lesions. Research in vitro showed that oxLDL 
epitopes are able to activate CD8+ T-lymphocytes in the presence 
of dendritic cells [38]. CD8+ T-lymphocytes can have both 
atherogenic and atheroprotective effects. Thus, it was shown that 
CD8+ T-lymphocytes can control the maturation of monocytes 
and the accumulation of macrophages in the early stages of 
atherosclerosis [39]. In addition, CD8+ T-lymphocytes are able to 
exhibit cytotoxic activity against cells involved in the stabilization 
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T cells [46]. Mature dendritic cells are able to present antigens 
to T-lymphocytes, which leads to increased inflammation in 
atherosclerosis. In mouse model studies, it has been demonstrated 
that atherosclerotic lesions are reduced in mice deficient in co-
stimulatory molecules for CD80 and CD86 T cells, which are 
activated during dendritic cell maturation, and in mice deficient 
in CD74, a receptor that regulates antigen load on MHC-II [47]. 
All this indicates that the maturation of dendritic cells and antigen 
presentation with their participation leads to an atherogenic effect. 
The roles of the described cells in inflammation development in 
atherosclerosis is depicted on Figure 1.

Strategies for anti-inflammatory therapy of atherosclerosis

Change in the polarization of macrophages: Since it is known 
that M1 macrophages are the dominant subtype in progressive 
atherosclerotic plaques, and M2 macrophages are more 
represented in regressing plaques, and also that M1 and M2 
macrophages can easily transform into each other under the 
influence of certain stimuli, then a promising therapeutic strategy 
for atherosclerosis looks like a change in the polarization of 
macrophages from M1 to M2 subtype. In vivo it has been shown 
that various anti-inflammatory factors such as: HDL, adiponectin, 
ApoE, callistatin, IL 19, IL-4, IL-13, etc. are able to induce the 
transformation of M1 into M2 macrophages [48]. At the same 
time, different factors can affect the polarization of macrophages 
through different molecular pathways. So HDL particles 
contribute to the transformation of M1 macrophages into M2 
through the activation of ATF 3 and STAT 6 [49]. Callistatin, 
which is a blood plasma protein, activates macrophage polarization 
towards the M2 phenotype through activation of KLF 4 [21]. For 
anti-inflammatory cytokines: IL-19, IL-4 and IL-13, the ability 
to cause a decrease in M1 macrophages and increase the amount 
of M2 through the STAT, KLF 4 and PPARγ pathways has been 
shown [50]. For all types of this effect, a clinical manifestation is 

noted in the form of a decrease in plaque damage. The ability to 
induce polarization of macrophages towards the M2 phenotype 
has been shown for a number of natural therapeutic compounds, 
such as: Curcumin, natural polyphenols, ginsenoside Rb1 and Rg3 
[48]. To modulate the macrophage phenotype in atherosclerosis, 
synthetic drugs that are currently used for other purposes can also 
be used: Metmorphine, sitagliptin, melatonin [48]. Molecular 
pathways of polarization from M1 to M2 macrophage subtype are 
shown in Figures 2 and 3.

Induction of regulatory T cells: Since regulatory T-cells (T-reg.) 
are one of the main populations of immune cells with a complex 
atheroprotective effect, various ways to increase their activity and 
quantity in atherosclerosis are promising strategies for the treatment 
of this disease. One of these strategies is based on the use of T-reg 
expansion and adaptive transfer, which reduces the development 
of atherosclerotic plaques and reduces the inflammatory response, 
which has been shown in studies in mouse models of atherosclerosis 
[51]. In a certain context, atherosclerosis can be considered as an 
autoimmune disease caused by a decrease in immune tolerance 
to self-proteins such as: ox-LDL, Apolipoprotein B (ApoB) and 
Heat Shock Protein 60 (HSP60) [52]. The introduction of these 
autoantigens stimulates the production of antigen-specific Tregs 
in addition to tolerogenic dendritic cells, which may also be an 
effective therapeutic strategy for the treatment of atherosclerosis, 
which has also been shown in a number of studies on animal models 
[53]. In addition, the possibility of pharmacological induction of 
an increase in T-reg function has also been shown. As therapeutic 
compounds that have shown their effectiveness in increasing the 
amount and functional activity of T-reg. drugs such as rapamycin, 
fingolimod, amygdalin and vitamin D 3 are being considered [53]. 
Also, for a number of cholesterol-lowering drugs, an additional 
therapeutic effect was shown based on a positive modulation of the 
ratio of Treg/effector T cells [54].

Figure 1: Significance of different cell types in inflammation in atherosclerosis.
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Inhibition of pro- inflammatory interleukins: Cytokines released 
during inflammation by immune cells are one of the main humoral 
regulators of the immune response. Accordingly, for any disease 
associated with inflammation, including atherosclerosis, it makes 
sense to develop drugs that block the action of pro-inflammatory 
cytokines. The effect on pro-inflammatory cytokines is already a 
fairly well-known area of research, on the basis of which several 
dozen clinical studies have already been carried out. These clinical 
trials can be divided into two groups: broadly targeted therapies 
(e.g. LoDoCo clinical trials) and targeted therapies targeting 
specific inflammatory targets (e.g. CANTOS clinical trials) [55]. 
At the same time, compounds (mostly monoclonal antibodies) 
directed to the Interleukin (IL)-6/IL-1β receptor showed the best 
efficiency among targeted drugs, and low-dose colchicine turned 
out to be the most promising among drugs for complex effects 
[56]. However, these drugs still need to be assessed for their long-
term safety in the treatment of atherosclerosis [56]. The anti- 
inflammatory therapeutic strategies described in this section are 
shown schematically in Figure 3. 

Discussion 

Despite the fact that there are more and more new data on the 
importance of inflammation in the pathogenesis of atherosclerosis, 
however, there is still a range of issues that require further resolution. 

In particular, it is important to study the correlation between the 
degree of inflammation, including the involvement of various types 
of immune cells in the development of the inflammatory response, 
and the clinical manifestations of atherosclerosis. How close the 
relationship between these processes can be traced? In this regard, 
the search for new inflammatory biomarkers of atherosclerosis and 
the development of diagnostic test systems based on them can 
become a potential practical application. An example of such an 
effective marker is uric acid. Thus, in the review (1c), based on the 
described studies, it was found that uric acid has a dose-dependent 
inflammatory effect at serum concentrations above 0.24 (mmol/l), 
which was noted for a number of metabolic diseases. The role 
of uric acid in the development of the disease pathogenesis has 
also been shown directly for atherosclerosis, which consisted in 
the development of endothelial dysfunction, increased vascular 
stiffness and enhanced production of inflammatory factors (2c). 
Lipoprotein A can also be a potential marker for the development 
of an inflammatory reaction in atherosclerosis, since its mechanism 
of action, based, in particular, on the induction of M1 macrophage 
differentiation and the formation of proatherogenic DAMPs, has 
long been known (3c). However, due to the presence of a large 
number of lipoprotein A isoforms, the measurement of its level 
in quantitative analysis is fraught with difficulties, which requires 
he development of non-standard diagnostic tests (3c,4c). In 

Figure 2: Molecular pathways of polarization from M1 to M2 macrophage subtype in atherosclerosis.

Figure 3: Scheme of strategies for anti -inflammatory therapy of atherosclerosis.
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addition, deeper study requires understanding the role of some 
subpopulations of immune cells and the cytokines they produce, for 
example, Th 17 CD 4+ T-lymphocytes and IL 17, which can have 
different effects on the progression of atherosclerosis depending 
on the conditions [57]. Of course, it is important to search for 
new therapeutic strategies aimed at reducing inflammation and 
reducing the progression of atherosclerotic lesions, however, 
for existing strategies, including those described in this review, 
more targeted preclinical, and subsequently, if successfully 
completed, clinical studies to determine the effectiveness of safety, 
pharmacokinetics, pharmacodynamics, methods and doses of 
administration of specific therapeutic compounds. Conducting a 
large number of such studies, in addition to the direct product 
in the form of the release of a new drug for the treatment of 
atherosclerosis, will also contribute to the accumulation of useful 
statistics on “vulnerabilities” in the pathogenesis of atherosclerosis, 
which will make it possible to identify certain most effective 
therapeutic targets for intervention.

Conclusion 

Evidence of the significant role of inflammation in the development 
of atherosclerosis is the involvement in inflammatory pathogenesis 
of various populations of both immune (macrophages, T-helpers, 
T-killers, dendritic cells, neutrophils) and non-immune cells 
(adipocytes, fibroblasts, endothelial cells and smooth muscle 
cells). Moreover, immune cells can influence the progression of 
atherosclerosis by providing both an atherogenic effect (M1-
macrophages, dendritic cells) and an atheroprotective effect 
(M2-macrophages, T-regulatory cells). Promising strategies in 
reducing inflammation in atherosclerosis, which have shown their 
effectiveness in a number of studies, are: reversal of macrophage 
polarization, induction of regulatory T cells, and inhibition of pro-
inflammatory interleukins, and only for the latter strategies there is 
already a wealth of evidence from clinical studies.
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