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Abstract

Macrophages, the phagocytes are considered the main cause for atherosclerosis, and any change or alteration in
their dynamics is identified as the foremost cause for the development of atherosclerotic plaque microenvironment.
These biophysical changes stimulus the defenselessness or steadiness of progressive atherosclerotic lesions and
promote the route of plaque progression.
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Description
Macrophages, the phagocytes are considered the main cause for

atherosclerosis, and any change or alteration in their dynamics is
identified as the foremost cause for the development of atherosclerotic
plaque microenvironment. These biophysical changes stimulus the
defenselessness or steadiness of progressive atherosclerotic lesions
and promote the route of plaque progression. Thereafter, the
macrophages are arranged in classes or categories such as subtypes are
classically activated M1 and alternatively activated M2 macrophages.
More investigations are going on and their participation in
vascularization on plaque progression [1]. Macrophage phenotypes
influenced endothelial cell activities and enfolded themselves to form
bridge nearby vessels. These macrophages subtype displayed pro-
inflammatory or anti-inflammatory characteristics and fixed
differentiation in the atherosclerotic plaques. The interpretation of the
pieces of machinery of macrophage phenotypes, signaling pathways,
and mechanical forces of cell machinery can escort in the development
of novel therapeutic strategies to treat mycobacterial pathogenesis,
atherosclerosis, and metabolic diseases [2]. Inflammation initiated by
macrophages changed or alter the macrophage phenotypes and their
operational styles in atherosclerotic plaque progression, as a result,
several consequences were initiated such as arterial thrombosis, which
led to myocardial infarction and other clinical events. In the
atherosclerotic plaque microenvironment, the activities of dynamic
alterations in macrophage numbers and macrophage differentiation
materialized [3]. Macrophages are considered key features of them,
which transpired in atherosclerotic lesions, governed the inflammatory
milieu and plaque stability [4]. These macrophages can secrete several
inflammatory molecules, cytokines, and growth factors. A proper
investigation of macrophage phenotypes can provide a scientific look
regarding their functioning styles and associated routes. Such findings
will defiantly boost the chances of applied for discovering the
pharmacological treatment of atherosclerosis and expose hurdle
persisted in pathophysiological consequences.

The build-ups of lipids in the vascular wall are referred to as a
major root cause that is responsible for the local inflammation, further

initiates the expansion and progression of atherosclerosis,
macrophages, and identified as the main contributor [5]. The cytokines
sculpt are other constituents of the microenvironment for governing
the reactivity phenomenon of macrophages and the dynamic plasticity.
The proper exploration of mechanisms of biological routes and
functional consequences generated by one of the macrophages (M2)
lead towards a proper investigation and further categorized into M2a,
M2b, M2c, and M2d subtypes, and besides this, the plaque‐specific
macrophage phenotypes have different varieties i.e. Mox, Mhem, and
M4, that will play a specific role in lesion expansion and plaque
steadiness in Figure 1 [6]. The elucidation and examinations of the
plasticity and modulation of the macrophage phenotype are always
considered by the researchers as the main objective. These findings
were found suitable for defying the routes of atherosclerosis,
metabolic diseases, pathogenesis, and also the newly originated
chronic inflammation during the pathogenesis of metabolic diseases as
per their beliefs and thoughtfulness.

Figure 1: Diagram for illustrating the macrophage subtypes, 
phenotypes, inflammatory molecules, cytokines, and atherosclerotic 
lesions. “Acknowledged [biorender.com] for permission to adapt and 
create the figure”.
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It was observed that M2 macrophages, extremely heterogeneous which 
enhanced plasticity to cells, interlinked with the regression of 
atherosclerosis and secrete the anti-inflammatory factors: IL-10 and 
TGF-β for stimulating and initiating tissue remodeling, collagen 
formation, and burying of dead cells via efferocytosis [7]. Further, the 
aforementioned macrophages participate in the formation of the 
necrotic core, routes of plaque rupture, and thermogenesis. The 
physiology of accumulation, metabolism, and chronic inflammatory 
response is identified as specific causes responsible for the progression 
of the pathogenesis of diseases such as atherosclerosis, myocardial 
infarction, and stroke [8]. One of the authors (MB) highlighted the 
mechanism of atherosclerosis progression, identified few cellular 
activities of lesions at the time of disease progression, and described 
macrophage subtypes of atherosclerotic plaques [9].

“Atherosclerosis can be accentuated as an inflammatory insult, 
initiated in the physiology decades before the disease testified” 
pointed out by the other author (RK) [10]. But, he also stated that it is 
not feasible to identify these physiological variations by any detection 
method in early stages and as of today, no clinical answer or setting 
existed to continue it. The understanding of the pathogenesis of 
atherosclerosis can upgrade conceivable strategies intended for its 
treatment and will enrich the openings by improving target-specific 
therapies [11]. Different classes of therapies can be offered to heal 
inflammatory pathways and to inhibit the atherosclerotic route. 
Metabolic activities and interconnected abnormalities engender new 
diseases such as hypertension, central obesity, insulin resistance, and 
atherogenic dyslipidemia, later on, these revealed mechanisms initiate 
the propagation of the cardiovascular disease and headed it for a fatal 
condition [12]. The pathogenesis of metabolic activities involves 
various factors to promote the pathways of inflammation that again 
propagate cardiovascular diseases [13]. The aforementioned 
biochemical and biophysical routes initiate oxidative stress and 
aggravate disease states. Various pharmacological remedies are 
prescribed to treat atherosclerosis. But, sometimes this therapeutics 
initiates severe side effects and further worsens it and transformed it 
into a more complicated stage [14]. Several herbal components were 
also acclaimed to combat these pathological conditions and 
aforementioned situations, for example, patients suffering from 
atherosclerosis also have diabetes. The most important aspects of these 
investigations are the interpretation of atherosclerotic plaque 
formation routes and later on, these findings can be exploited to 
explore the possibilities to search for a better therapeutic option by 
recommending the aforementioned bioactive compounds as better 
therapeutics. These natural remedies can intervene and blocked the 
biological routes by promoting atherosclerosis and other 
cardiovascular diseases [15]. 

The inflammatory cytokines were identified as a major 
component responsible for triggering and perpetuating a 
dangerous signal response and stimulates atherosclerosis and 
the same was referred [16]. The investigation of interactions 
originated between macromolecules and the immune system is a 
good option to detect various physiological possibilities and 
search concerning foundations interlinked with the 
pathophysiology of atherosclerosis and associated with such metabolic 
activities [17]. Furthermore, the authors suggested and underlined 
various therapeutic options, which can be specifically applied to target 
the metabolic irregularities and pathogenesis routes underlined 
considered in this opinion on macrophage subtypes, phenotypes, 
inflammatory molecules, cytokines, and atherosclerotic lesions.

Therefore, to suggest a piece of better advice for dealing with the
therapeutic challenges associated with atherosclerosis, metabolic
diseases, and pathogenesis, an urgent need is there to suggest several
other scientific bits of intelligence that can be tested.
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