A Monthly e Magazine
ISSN:2583-2212

May, 2023; 3(05), 906-910

Popular Article

Macrophage and Cholesterol in Inflammation: Unveiling

the Intricate Connection

Ambika Binesh and V. Kaliyamurthi
Institute of Fisheries Post Graduate Studies, TamilNadu Dr. J. Jayalalithaa Fisheries University,

OMR Campus, Chennai — 603103, TamilNadu, India.
https://doi.org/10.5281/zenodo.7989545

Abstract

Chronic inflammation plays a pivotal role in the pathogenesis of various diseases, including
atherosclerosis, obesity, and diabetes. Macrophages, as key immune cells, contribute significantly to
the inflammatory response and tissue remodeling. Recent studies have revealed an intricate
connection between macrophages and cholesterol metabolism, highlighting their critical role in
modulating inflammation. The uptake of oxidized low-density lipoprotein (LDL) by macrophages
leads to cholesterol loading and subsequent activation of inflammatory signaling pathways.
Furthermore, macrophage-derived cholesterol mediates crosstalk between immune cells, endothelial
cells, and smooth muscle cells, promoting inflammation and vascular dysfunction. Understanding
the intricate connection between macrophages and cholesterol in inflammation has significant
implications for the development of therapeutic strategies. Targeting cholesterol metabolism in
macrophages offers potential avenues for attenuating inflammation and ameliorating the progression
of chronic inflammatory diseases.

Introduction

Inflammation is a complex biological response that plays a critical role in the body's defense
against infection, injury, and disease. Macrophages, a type of white blood cell, are key players in the
immune response and are involved in various stages of inflammation. Recently, the connection
between macrophages and cholesterol in inflammation has garnered significant attention from
researchers. Moreover, cholesterol metabolism influences macrophage polarization and function.
Different lipid species, including cholesterol and its metabolites, can shape the macrophage
phenotype, determining whether they exhibit pro-inflammatory (M1) or anti-inflammatory (M2)
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characteristics. Dysregulation of cholesterol homeostasis disrupts the delicate balance between M1
and M2 macrophages, further exacerbating inflammation and tissue damage. Furthermore,
macrophage-derived cholesterol mediates crosstalk between immune cells, endothelial cells, and
smooth muscle cells, promoting inflammation and vascular dysfunction. Cholesterol crystals, formed
in inflamed tissues, activate the NLRP3 inflammasome, leading to the release of pro-inflammatory
cytokines and amplification of the inflammatory response. Novel therapeutic approaches, including
cholesterol efflux promotion, modulation of macrophage polarization, and inhibition of
inflammasome activation, hold promise for mitigating the detrimental effects of inflammation on
various organ systems. By examining the intricate connection between macrophages and cholesterol
during inflammation, we can uncover significant understandings about the development of chronic
inflammatory diseases and discover potential targets for intervention by analyzing the underlying
molecular mechanisms involved in their interaction.
Macrophages and Their Role in Inflammation

Macrophages are versatile immune cells that patrol tissues, scavenging cellular debris,
pathogens, and foreign substances. They act as the first line of defense against infections and play a
crucial role in maintaining tissue homeostasis. Macrophages are equipped with pattern recognition
receptors (PRRs), such as Toll-like receptors (TLRs), which recognize specific molecules associated
with pathogens or damage. Upon activation, macrophages release a variety of pro-inflammatory
molecules, such as cytokines, chemokines, and reactive oxygen species, initiating the inflammatory
response. These molecules attract other immune cells to the site of inflammation, amplifying the
immune response and facilitating tissue repair. Macrophages also engulf and digest cellular debris,
foreign particles, and pathogens through a process known as phagocytosis.
Cholesterol and Its Role in Inflammation

Cholesterol is a crucial component of cell membranes and serves as a precursor for the
synthesis of important molecules, including hormones and bile acids. However, excessive
accumulation of cholesterol can lead to various diseases, including atherosclerosis and
cardiovascular diseases. While cholesterol is typically associated with cardiovascular health,
emerging evidence suggests its involvement in inflammatory processes. Research has shown that
cholesterol modulates the function of macrophages, influencing their inflammatory response.

Macrophages can take up cholesterol-rich lipoproteins, such as low-density lipoprotein (LDL),
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through receptor-mediated endocytosis. In the context of atherosclerosis, the excessive uptake of
LDL by macrophages leads to the formation of lipid-laden foam cells, a hallmark of early
atherosclerotic lesions.
Macrophage Activation and Cholesterol Homeostasis

Macrophages can exist in different activation states, which greatly influence their
inflammatory response and cholesterol metabolism. Classically activated macrophages, also known
as M1 macrophages, are pro-inflammatory and promote the clearance of pathogens. On the other
hand, alternatively activated macrophages, or M2 macrophages, are involved in tissue repair and
resolution of inflammation. The activation of macrophages is tightly linked to cholesterol
metabolism. M1 macrophages, driven by pro-inflammatory stimuli, tend to accumulate cholesterol
and form foam cells. This accumulation not only contributes to inflammation but also impairs
macrophage function, reducing their ability to clear pathogens effectively. In contrast, M2
macrophages display enhanced cholesterol efflux mechanisms and promote cholesterol homeostasis,

contributing to the resolution of inflammation.
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Figure 1. Macrophage and Cholesterol in Inflammation
The Inflammatory Feedback Loop
The interaction between macrophages and cholesterol in inflammation forms a self-
perpetuating loop. Inflammatory stimuli promote macrophage activation, which, in turn, leads to
increased cholesterol uptake and accumulation. This cholesterol overload further fuels inflammation

and perpetuates the inflammatory response. The activation of macrophages by cholesterol-rich
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lipoproteins stimulates the production of pro-inflammatory cytokines, such as interleukin-1 beta (IL-
1B) and tumor necrosis factor-alpha (TNF-a)), amplifying the inflammatory cascade. Moreover,
cholesterol crystals, which can form in atherosclerotic plaques, trigger the release of inflammatory
mediators, promoting further macrophage activation and inflammation. These crystals activate the
NLRP3 inflammasome, a multiprotein complex involved in the production of IL-1p, a potent pro-
inflammatory cytokine.
Therapeutic Implications

Understanding the connection between macrophages and cholesterol in inflammation opens
up new avenues for therapeutic interventions. Targeting cholesterol metabolism in macrophages
could potentially modulate their activation state and inflammatory response. For instance, promoting
cholesterol efflux pathways in macrophages, such as the ATP-binding cassette transporter Al
(ABCAL1), could enhance cholesterol removal and reduce inflammation. Pharmacological agents that
inhibit the NLRP3 inflammasome could also be explored as potential therapeutics to mitigate
inflammation associated with cholesterol accumulation. Furthermore, interventions aimed at
reducing cholesterol levels systemically, such as statins, may indirectly impact macrophage function
and inflammation.
Conclusion

The intricate connection between macrophages and cholesterol in inflammation highlights
the multifaceted nature of the immune response. Macrophages, as key players in inflammation,
exhibit a close relationship with cholesterol metabolism. The accumulation of cholesterol in
macrophages not only promotes inflammation but also impairs their function. Understanding and
targeting the interplay between macrophages and cholesterol may hold promise for the development
of novel therapies for inflammatory diseases, particularly those associated with cholesterol overload.
Further research in this area will undoubtedly provide valuable insights into the pathogenesis of
inflammation and the potential for therapeutic interventions.
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