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Abstract: The metabolism of lipoproteins, which regulates the transit of the lipid to and from tissues, is crucial 

to maintaining cholesterol homeostasis. Cardiac remodeling is referred to as a set of molecular, cellular, and 

interstitial changes that, following injury, affect the size, shape, function, mass, and geometry of the heart. 

Acetyl coenzyme A (acetyl CoA), which can be made from glucose, amino acids, or fatty acids, is the precursor 

for the synthesis of cholesterol. In this article, authors explain concepts behind cardiac remodeling, its clinical 

ramifications, and the pathophysiological roles played by numerous various components, such as cell death, 

neurohormonal activation, oxidative stress, contractile proteins, energy metabolism, collagen, calcium 

transport, inflammation, and geometry. The levels of cholesterol are traditionally regulated by two biological 

mechanisms at the transcriptional stage. First, the SREBP transcription factor family regulates the transcription 

of crucial rate-limiting cholesterogenic and lipogenic proteins, which in turn limits cholesterol production. 

Immune cells become activated, differentiated, and divided, during an immune response with the objective of 

eradicating the danger signal. In addition to creating ATP, which is used as energy, this process relies on 

metabolic reprogramming of both catabolic and anabolic pathways to create metabolites that play a crucial role 

in regulating the response. Because of changes in signal transduction, malfunction of the sarcoplasmic 

reticulum and sarcolemma, impairment of calcium handling, increases in cardiac fibrosis, and progressive loss 

of cardiomyocytes, oxidative stress appears to be the primary mechanism that causes the transition from 

cardiac hypertrophy to heart failure. De novo cholesterol production, intestinal cholesterol absorption, and 

biliary cholesterol output are consequently crucial processes in cholesterol homeostasis. In the article's final 

section, the pharmacological management of cardiac remodeling is explored. The route of treatment is 

explained into different steps: including, promising, and potential strategies. This chapter offers a brief 

overview of the history of the study of cholesterol absorption as well as the different potential therapeutic 

targets. 

Keywords: cholesterol homeostasis; cardiac remodeling; inflammation; atherosclerotic; 

cardiomyocytes; atherosclerosis; catabolic and anabolic pathways  

 

A self-regulating phenomenon called homeostasis facilitates biological systems to sustain stability while 

answering the environmental influences best for its survival. If homeostasis is succeeded, life carries on; if it is 

not, heartbreak or death comes to an end. 

CHAPTER- 

Cholesterol homeostasis, mechanisms of molecular pathways, and cardiac health 
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Dysregulated cholesterol has been emphasized as a primary factor in atherosclerosis, which is 

the leading cause of mortality in developed countries globally. Although the cell needs cholesterol, 

its presence exceeding the required amount can be damaging, therefore preserving cholesterol 

homeostasis is vital for achieving a healthy cellular function and outline. Atherosclerotic heart 

disease risk has long been connected with elevated levels of plasma cholesterol.1 Additionally, 

cholesterol participates in various cellular processes, including synthesis of hormones, and vitamin 

D, maintenance of cell membranes and cell networks of brain. However, as blood cholesterol levels 

increase, they can occasionally show damaging effects on physiology.2 Cholesterol homeostasis is 

directly related to lipoprotein metabolism, which facilitates lipid transport to and from the organs. A 

summary of several physiological routes and paths has been discussed that controls the intestinal 

absorption of cholesterol, its generation, as well as uptake. Regulation of transintestinal transport and 

transfer of cholesterol, which is decisive for preserving cholesterol homeostasis and avoiding 

atherosclerosis, is an eye-catching and important research theme today.3 By offering an overview of 

the key routes and proteins that govern lipoprotein homeostasis, this study adds to considerable 

attention that has recently been explored and reported in this area.4 Further, this chapter sheds light 

on the interface between central and peripheral metabolism of cholesterol and its role in health and 

disease.5 The authors have discussed current findings on cholesterol physiology, with a focus on 

cholesterol production, faecal excretion, cholesterol absorption, and new (potential) therapy 

approaches for the management of  hypercholesterolemia.6 The ubiquitous, multi-step physiological 

transformation is defined as the cell cycle, which is crucial for the propagation and division of cells. 

Although several cytoplasmic and nuclear regulators have been reported and revealed, the 

physiological importance of membrane lipids in cell cycle regulation has not been exhaustively 

examined.   

In the past few decades, scientists have tried exploring signaling pathways that control 

cholesterol homeostasis, the correlation between plasma cholesterol levels and interconnected 

processes responsible for initiating cardiovascular disease.7 Besides this, the association between 

plasma cholesterol concentrations, and the routes through cholesterol homeostasis occurs have been 

explored. The authors have specifically examined the needs of strict cholesterol regulation for 

controlling cell cycle progression and emphasized on the overall functioning of the membrane in 

regulating cholesterol physiology and the cell cycle.8 To accomplish this, both proximal and distal 

inhibitors of cholesterol synthesis were studied in detail. Further, authors highlighted its impact on 

cell cycle progression.9 These newly explored phenomena are pertinent in the context of illnesses like 

cancer, atherosclerosis, and neurodegenerative conditions such as Alzheimer's disease, which have 

demonstrated a direct linkage to abnormalities in cholesterol homeostasis and biosynthesis.10 

Therefore, to understand the regulation of optimal cellular and systemic operations, a comprehensive 

look at cholesterol homeostasis is essential (Figure 1). 
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(a) 

(b) 

Figure 1. (a) Cholesterol homeostasis throughout the cell. Lipoprotein and lipid metabolism 

depends on the uptake of lipoproteins by vesicles. Reprinted (adapted) with permission from.11 

Copyright (2012) Arya Mani et al. Yale J Biol Med., PMC. Pub. Med. Central. (b) Transport of 

cholesterol, resource of human cholesterol, and protein mediates dietary free cholesterol (FC) 
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regulation. Reprinted (adapted) with permission from.12 Copyright (2022) Jihong Han et al. 

Signal Transduction and Targeted Therapy, Nature. 

Since cholesterol is an essential component of every cell membrane and the starting material for 

bile acids, lipids, steroid hormones, and lipophilic vitamins, it plays a crucial role in the functioning 

of human body. Additionally, it promotes cell growth, transmembrane signaling mechanisms, 

membrane trafficking, and maintains physiological brain functioning.13 Cholesterol and other crucial 

lipids play a key role in various physiological routes and paths at cellular and systemic levels of the 

organism. However, too much cellular cholesterol is dangerous, therefore sophisticated mechanisms 

have been established to strictly control this vital lipid.14 This lipid is both essential and fatal, thus it's 

crucial to regulate its levels to sustain the health. The amount of cholesterol present in the cells 

represents a dynamic equilibrium between its production, esterification, absorption, and export since 

cholesterol is transformed as neutral cholesteryl esters either by retention in vacuoles or outflow as a 

constituent of lipoproteins. 

The most recent developments in each of the four processes of cholesterol metabolism are 

described in different sections of this chapter. It is argued how the functioning of these pathways is 

primarily ruled and how they respond to altering sterol levels. Finally, how these pathways work 

together to keep cholesterol levels in check, has been discussed and portrayed through diagrams in 

the text. Moreover, the molecular mechanisms underlying cardiac remodeling and subsequent onset 

of disease conditions are highlighted, with a focus on the myocardial infarction-related pathways.15 

Accordingly, the development of innovative therapeutic methodologies for treating heart failure and 

mitigation of cardiac consequences may be fortified by accurate knowledge about cell signaling that 

contributed in cardiac remodeling. 

In addition to the aforementioned highlights, the authors have elaborated on different research 

fields to look into the domain of signaling and its role in cellular cholesterol homeostasis. Besides 

being a crucial part of cellular homeostasis, cholesterol is also necessary for manufacturing steroid 

hormones, bile acid metabolism, and cellular structures like lipid rafts. These important tasks require 

the retention of cholesterol levels in the cells within narrow bounds. Many common disorders, 

including atherosclerosis, where cellular-cholesterol accumulation prejudices regular cellular 

functioning, are thought to be triggered by an imbalance between uptake, synthesis, and export.16 To 

identify new treatment targets, significant research is still underway, exploring the precise regulation 

of cholesterol homeostasis and cardiac diseases. This chapter emphasizes on the most recent 

advancements in studying the physiology of cholesterol homeostasis and underlying mechanisms of 

molecular pathways. The authors have delivered a concise summary of various topics in every 

section on how cholesterol influences cardiac health, inhibition of atherosclerosis and cholesterol-

lowering interventions. Besides that, a separate section entitled cholesterol homeostasis: an overview was 

conferred. Molecular pathways underlying cholesterol homeostasis have been discussed separately 

in this chapter. Moreover, the cholesterol absorption and its metabolism, cholesterol biosynthesis, 

balance, efflux, enzymatic control, cell signaling and cellular cholesterol homeostasis have been 

explored independently. The progression of cardiac remodeling, neuroinflammation, 

neurodegeneration, and cholesterol homeostasis have also been explored, to offer a deeper insight 

into the discussed topic.17 Finally, cholesterol homeostasis and targeted therapeutics have been 

elaborated for an inference.18 Thus, these sections of this chapter briefly cover the attempts 

undertaken to construct various models of the complicated mechanisms involved in cholesterol 

homeostasis and their applications in disease management. 

Cholesterol homeostasis and molecular pathways: an overview 

All cells in vertebrates contain cholesterol, and while the metabolism of cholesterol differs in 

different tissues, it remains same in all the cells overall. Animal cells obtain cholesterol both 

endogenously, through a well-organized process commencing with acetyl coenzyme A (acetyl-CoA), 

and exogenously, through the bloodstream, in the presence of apolipoprotein B-containing 

lipoproteins similar to minimum lipoprotein (LDL).19 Mechanisms governing cholesterol homeostasis 
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are still poorly understood, despite great progress in understanding the equilibrium between 

cholesterol synthesis and transport. Long-standing research has linked cholesterol to numerous 

conditions and health issues that affect people, and although it is incontrovertibly important, very 

high amounts can have negative cellular effects and can even cause disorders like atherosclerosis and 

type II diabetes. High hydrophobicity of cholesterol and the surrounding membrane environment, 

however, make it difficult to examine cholesterol homeostasis. As a result, cells have evolved with 

sophisticated systems to control the quantity and distribution of sterols inside the cells.20 The 

homeostasis of cholesterol is governed by a complicated equilibrium resulting from its synthesis, 

ingestion, absorption, and excretion, which is managed by lipoprotein trafficking. Intense research is 

being carried out on the regulation of cholesterol homeostasis, and signaling significance is 

progressively coming to light.21 By using receptor-mediated endocytosis, LDL particles are 

transported to peripheral cells where they are digested in the lysosomes to release free cholesterol. 

With a focus on cholesterol absorption, cholesterol production, faecal excretion, and a new (potential) 

therapy approach for hypercholesterolemia, this section will address the state of current features of 

cholesterol physiology and provide a comprehensive overview of cholesterol homeostasis. 

Feedback mechanisms that work on both the transcriptional and post-transcriptional stages 

precisely control the amount of intracellular cholesterol. The transcriptional activation of 3-hydroxy-

3-methylglutaryl coenzyme A reductase (HMGCR), the rate-limiting enzyme of cholesterol 

biosynthesis, as well as nearly all downstream enzymes of the mevalonate (MVA)-pathway, is 

regulated by the ER-bound sterol controlling element-requisite proteins when intracellular 

cholesterol levels are low. The MVA-pathway governs sterol metabolism and the materialization of 

isopentenyl pyrophosphate, and dimethylallyl pyrophosphate, which bring building blocks for the 

biosynthesis of chemicals applied in many cellular activities such as hormone production, protein 

anchoring, cell membrane maintenances, protein prenylation, and N-glycosylation.22 Additionally, 

sterol regulatory element–binding proteins (SREBPs) stimulate the transcription of LDL receptors 

(LDLr), increasing the uptake of cholesterol by cells. Nuclear hormone receptors called liver X 

receptors (LXR) support the homeostasis of cholesterol. General characteristics of cholesterol 

metabolism and the most recent research supporting crucial function of miRNA in controlling 

cholesterol balance are further discussed in this chapter. There are opportunities for researchers to 

explore how miR-33a and miR-33b (a family of microRNA precursors, which are processed by the 

Dicer enzyme to give mature microRNAs) interrupt the epigenetic regulation of the physiology of 

cholesterol homeostasis. A vital-cardiovascular disease risk factor is hypercholesterolemia. It is 

brought about by a deranged ratio of cholesterol absorption to its oozing into the circulation (Figure 

2). An intricate interplay between enzymes, non-coding RNAs, transport proteins, and transcription 

factors controls the pathways.23 Insight into underlying mechanisms has grown significantly over 

past two decades, yet there are many unanswered questions, notably concerning cholesterol 

transference within neighboring cells.  
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Figure 2. Inhibition of atherosclerosis by cholesterol-lowering interventions. Cholesterol-lowering 

treatments that prevent atherosclerosis. By reducing the generation of acetyl-CoA and HMG-CoA, 

respectively, bempedoic acid and statins decrease cholesterol synthesis.12 Reprinted (adapted) with 

permission from.12 Copyright (2022) Jihong Han et al. Signal Transduction and Targeted Therapy, Nature. 

Recently, the gut has drawn attention as a crucial regulating point in cholesterol homeostasis, 

slowly replacing the liver's endless and concerned emphasis. The major goals of this discussion are 

to investigate the "mysteries" of the "universe" of cholesterol homeostasis and to recommend novel, 

potential therapeutic targets that are emerging potential  methodology to offset the damaging effects 

of dysregulation of this route in illnesses. Additionally, mounting research has emphasized how 

hypercholesterolemia underwrites the development of various neurological diseases. Cholesterol-

driven inflammation in patients with Alzheimer's disease and major depressive disorders seems 

liked to change monoamine release, membrane fluidity and permeability, vesicular trafficking, and 

neuroendocrine function.24 Finally, when neurodegenerative illnesses progress, patients develop 

early abnormal metabolic features that precede the neurological warning signs. Even though 

cholesterol homeostasis serves physiological tenacity, altered cholesterol metabolism in the 

periphery poses a significant risk of metabolic and cardiovascular conditions, whereas, while 

concerning significant nerve networking, its impairment is associated with numerous 

neurodegenerative illnesses, as outlined above.20 Although blood-brain barrier safeguards that 

cholesterol metabolism (CM) in peripheral tissues is a distinct stage that occurs in the brain, the cross-

talk between central and peripheral CM is at present underappreciated in both normal and 

pathological settings. 

Complex uptake, efflux, and synthesis-related mechanisms govern cholesterol homeostasis. 

Although substantial research has been done to clarify pathways concerning cholesterol regulation 
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(Figure 3), limited research articles are available that cover and explain signaling roles in these 

events.26 The authors here have attempted to go over several effects that signaling has on these 

practices and the performance of cholesterol homeostasis progression, comprising transcriptional 

mechanisms. 

 

Figure 3. A variety of lipoproteins and proteins are needed for the transport of exogenous 

cholesterol and de novo cholesterol.25 Reprinted (adapted) with permission from. Copyright 

(2009) Zhihua Jiang et al.  Int. J. Biol. Sci., Ivyspring International Publisher. 

Healthy cholesterol homeostasis is crucial for physiological functioning and can typically be 

considered successful when it is sustained through a dynamic equilibrium involving intake, cellular 

absorption, transport, production, and efflux.27 The authors have summarized recent findings on the 

routes of molecular systems that govern cholesterol homeostasis and indicate areas for further study. 

Alongside preserving membrane fluidity and porosity, cholesterol also regulates transmembrane 

signaling pathways and aids in the production of vitamin D, steroid hormones, and bile acids. These 

cellular events are crucial for preserving membrane permeability. While many intracellular processes 

are influenced by cholesterol, it is generally recognized that excessive plasma cholesterol levels are 

the first to cause atherosclerotic heart disease.28 Because there is strong association involving plasma 

blood cholesterol and the risk of developing cardiovascular disease, clinical research has helped in 

clarifying the mechanisms involved in maintaining cholesterol levels and its role in the development 

of atherosclerosis.29 Disrupted cholesterol homeostasis not only aids the pathogenesis of 

cardiovascular and cerebrovascular problems but also plays a role in the emergence of numerous 

other illnesses like cancer and neurological disorders. 

Atherosclerotic disease routes and metabolic syndrome are caused by low or high levels of 

cellular cholesterol. Mammalian cells either produce cholesterol from acetyl coenzyme A inside the 

cell or take it up from the bloodstream in the form of plasma lipoproteins (acetyl-CoA) (Figure 4). 

This route is intricately organized at different levels.19 The various aspects and phenomena by which 

cellular cholesterol absorption and uptake are organized have been highlighted in this section.  
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Figure 4. The process via which cholesterol is made. All of the carbon atoms used in the 

production of cholesterol come from acetyl-CoA. There are four distinct phases in the 

production of cholesterol. Reprinted (adapted) with permission from.12 Copyright (2022) 

Jihong Han et al.  Signal Transduction and Targeted Therapy, Nature. 

Cholesterol absorption and metabolism 

An essential biological process that maintains cholesterol homeostasis is the intestinal 

absorption of nutritive cholesterol. It is a necessary phenomenon, influencing the metabolic effects of 

cholesterol homeostasis. Bile salts play a role in the early absorption of dietary cholesterol through 

the creation of emulsions. The gut is highly selective to certain sterols, and regulates the rate of dietary 

cholesterol absorption on a day-to-day basis. This distinct molecular process was recently studied & 

extended and approved by the researchers because of its physiological significance. Thus, every day, 

a large amount of cholesterol is absorbed during the digestion process.30 Overall, roughly, several 

sterols in equal amounts to the 0.5 g dose of dietary cholesterol were observed to participate in this 

process.31 Hepatocytes and enterocytes are the main sites of cholesterol production, even though all 

cells can synthesize it. Notably, despite food only giving 300–400 mg of cholesterol per day, the 

majority of the influence of intestinal cholesterol collection is accounted for by endogenous sources 

(800–1000 mg).32 

Moreover, several plant sterols (sitosterol, avanesterol, and brassicasterol) also undergo 

absorption. However, it was reported that human body only allows the absorption of cholesterol and 

maintains its concentration in the body, and only a few plant sterols are retained during this process. 

This route is disrupted in a rare illness called, sitosterolemia, and is expressed in the form of genetic 

defects. These irregularities are responsible for the alteration in normal physiology and can be 

marked in specific molecular pathways and identified as the main cause of these types of 

physiological defects. These investigations further evidenced the processes and have helped in 

clarifying the molecular mechanisms governing sterol absorption and excretion.33 Several 

mechanisms such as micelles excreting sterols, solubility, and a monitoring protein setup participate 

in cholesterol absorption (Figure 5). These routes control sterol balance and other related activities. 

The protein Niemann-Pick-C1-like-1 standardizes the over-all absorption of cholesterol in the small 

intestine.34 The minute cholesterol molecule enters the enterocyte, post which the endoplasmic 

reticulum membrane enzyme ACAT2 (ER) esterifies it into fatty acid. Following its release into the 
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bloodstream via the thoracic duct, the subsequent cholesteryl ester is combined with chylomicrons 

and sent to the Golgi apparatus, where it undergoes further distribution. 

 

Figure 5. Synthesis of cholesterol and production of oxysterol. Acetyl-coenzyme A is converted 

into cholesterol by an elaborate enzymatic mechanism. Reprinted (adapted) with permission 

from.35 Copyright (2016) A. M. Petrov et al. Acta Naturae, Europe PMC. 

Additionally, a limited quantity of free cholesterol is released back into the intestinal lumen via 

a few apical transporters, including ATP-binding cassette transporter subfamily G member 5 

(ABCG5) and member G 8.36 The Liver X Receptor, a nuclear receptor that inhibits NPC1L1 and 

activates ABCG5 and ABCG8, controls the uptake and release of intestinal cholesterol.37 Functioning 

as cholesterol sensors, two Liver X Receptor isoforms-LXR (Nr1h3) and LXR (Nr1h2)-have parallel 

effects on the production of these proteins. Additionally, LXRs promote ABCA1 expression, which 

further elevates cholesterol levels.38 Actions of the Liver X Receptor together preclude cholesterol 

from building up in enterocytes.39 It is imperative to accentuate that these types of dietary cholesterol 

and cholesterol made from scratch are necessary for intestinal integrity. Inhibitors of cholesterol 

physiology have long been utilized in treating and preventing cardiovascular diseases associated 
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with hypercholesterolemia.40 The sole obvious success in this field is Ezetimibe, and researchers are 

still looking for other medications with equal or comparable efficacy. In the past, concerned genetic 

routes have been examined and considered as a top experimental model, which can aid the 

exploration of the mechanism of cholesterol absorption.41 This evidence can be applied as a crucial 

tool to determine better pharmacological agents. The best lipid-lowering treatments may be 

developed because of improved sympathetic impacts on genetic variants. An overview of cholesterol 

absorption and its intricate relationships with the routes can be explained by addressing a few 

queries, including the absorption of cholesterol from intrinsic and external sources (Figure 6). 

Although they are connected and contribute to the overall cholesterol homeostasis in the body, from 

a physiological perspective, cholesterol production and absorption are distinct processes. Thus, this 

section provides a brief overview of the research on cholesterol absorption as well as several gene 

candidates suggested as prospective therapeutic targets. 

 

Figure 6. An illustration of major molecules in intracellular cholesterol transport.42 Reprinted 

(adapted) with permission from. Copyright (2022) Xiaochun Tang et al.   Front. Cell. Dev. Biol., 

Frontiers. 

A different approach is also offered in addition to a thorough description of the most popular 

and adaptable technique for determining cholesterol absorption, along with crucial points to keep in 

mind when interpreting the results. Recently, drug development researchers have laid great 

emphasis on reverse cholesterol transport (RCT), which has progressively been understood to be 

another critical step in reducing the risk of CVD.43 This study offers a detailed description on 

identifying neutral and acidic faecal sterols and analyzing the data. Sterol excretion is the primary 

sign of RCT.44 It has been observed particularly in the case of gene-diet interactions, and further 

advancements in research will facilitate significant strides in the examination of the role of genetics 

on individual changeability in cholesterol retort. This includes polymorphisms of various 

proteins/carriers and enzymes tangled in the intestinal uptake or transfer of cholesterol. 

Cholesterol biosynthesis and enzymatic control 

Cholesterol is a crucial part of cell membranes and the building block for the production of bile 

acids and steroid hormones. Part of its production occurs in a membranous environment, specifically 

in the latter stages, where relevant enzymes, products, and substrates typically tend to have very 

high hydrophobicity. Over the past fifty years, the importance of cholesterol has increased due to its 
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connection to cardiovascular diseases, one of the leading causes of death worldwide. To meet the 

present need for novel drugs that can efficiently control the content of cholesterol in the blood, it is 

imperative to comprehend how cholesterol is produced in the body and identify the major enzymes 

involved in the process. In this context, the features and catalytic machinery of the enzymes 

participated in the creation of cholesterol from its original two-carbon building block, acetyl-CoA, 

will be reviewed, and their present therapeutic relevance will be investigated.9 Mechanism detects 

cholesterol and oxysterols closely and controls the generation and uptake of cholesterol. Acetate 

serves as the precursor for more than 30 chemical processes necessary for cholesterol production, 

which occurs in the endoplasmic reticulum (ER). Thiolase and HMG-CoA synthase catalyse the first 

two reversible steps, which result in the condensation of three acetate molecules into coenzyme A (3-

hydroxy-3-methylglutaryl-CoA), resulting from the condensation of three acetate molecules into 

acetoatetyl-CoA.45 The key point of regulation in cholesterol synthesis is the succeeding process, 

which is catalyzed by the enzyme HMG-CoA reductase, a transmembrane protein of ER. HMG-CoA 

is reduced to mevalonate. A sequence of reactions convert mevalonate into isopentenyl 

pyrophosphate. Six isopentenyl pyrophosphate molecules are encouraged to condense in the 

following stage, resulting in squalene, which is then cycled and converted into cholesterol by a 

variety of mechanisms.46 The discussion in this section will be an invaluable tool for undertaking 

future studies on the cholesterol synthesis pathway, and in turn cultivating a deeper knowledge of 

cholesterol metabolism. 

SREBP-2 coordinates the role of cellular cholesterol in regulating HMG-CoA reductase 

transcription, the key enzyme involved in cholesterol synthesis.47 Transmembrane sterol-sensing 

domains (SSD) are present in HMG-CoA reductase, and exhibit strong similarity with SSD found in 

SREBP cleavage-activating protein (SCAP).48 As previously shown, this domain is crucial for the 

attachment of Insig-1 or Insig-2, proteins necessary for enzyme breakdown and its regulatory 

monitoring.49 The inset recruits HMG-CoA reductase when there is a high concentration of 

cholesterol present because it is intrinsically related to the membrane-destined ubiquitin ligases 

presented in ER membrane. An ATPase known as vasolin-containing protein recognizes the HMG-

CoA reductase, which leads to the proteasomal degradation of the reductase in a sterol-Insig-

dependent manner. This recognition is made possible by the ubiquitination induced by ubiquitin 

ligases. Oxysterols such 24-, 27-, and 25-hydroxycholesterol can also lead to HMG-CoA reductase 

being ubiquitinated by Insig-1.50 Additionally, the binding of oxysterols to Insig-1 prevents the 

transport of SCAP-SREBP-2 to the Golgi and, subsequently, the translocation of the transcription 

factor in the nucleus.51 To decrease cholesterol synthesis, oxysterols inhibit HMG-CoA reductase at 

both the mRNA and protein concentration.52 Lanosterol and 24, 25-dehydrolanosterol, intermediates 

in the production of cholesterol, promote HMG-CoA reductase ubiquitination and destruction of 

Insig-reliant without impeding SREBP-2 treating.53 Other intermediates, including 25-

hydroxycholesterol, 27-hydroxycholesterol, 7-Keto, and 27-hydroxylanosterol, exhibit the similar 

result. 

The LDL receptor alters the absorption of cholesterol, and the transcription factor sterol 

regulatory element-binding protein-2 regulates the levels of key enzymes such as HMG-CoA 

reductase, HMG-CoA synthase, and mevalonate kinase genes. The NH2- and COOH-terminal 

domains of SREBP-2, a double-helix transmembrane protein, are located on the cytoplasmic side and 

are connected to the endoplasmic reticulum membrane.54 The active territory exists at NH2-terminus 

and touches the nucleus and finally fixes to the sterol regulatory element (SRE). Following this, 

SREBP-2 triggers transcription of the genes it is intended to affect. SREBP has connections with 

insulin-induced gene protein-1 and the SREBP cleavage-activating protein, both of which have eight 

membrane-spanning sections of Insig-1. When cholesterol levels drop, the SCAP-SREBP complex 

separates from Insig-1, which is degraded by proteasome after being ubiquitinated. A small GTPase 

called Sar1 facilitates the process of sorting the complex into coat protein complex II or (COPII)-

coated vesicles. Sec23/Sec24 and Sec13/Sec31 (Sec23-Sec24 complex (Sec23/24), a crucial cargo-

binding adaptor, and Sec13-Sec31 (Sec13/31) formed structural outer layer during vesicle creation) 

are two examples of coat proteins that are sequentially recruited and clustered.55 The SCAP-SREBP 
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complex is then created and transported by COPII coat vesicles to the Golgi, where it is met with two 

local proteases, site-1 (S1P) and site-2 (S2P), which cleave SREBP and liberate the NH2- active domain 

(Figure 7).56  

 

Figure 7. SREBP2 pathway in cholesterol production regulation. The sterol regulatory element 

requisite protein paths and the HMG-CoA reductase. The degradation pathway represents 

negative feedback regulation, which carefully controls the process of cholesterol biosynthesis.12 

Reprinted (adapted) with permission from. Copyright (2022) Jihong Han et al.  Signal Transduction 

and Targeted Therapy, Nature. 

SREBP-2 functions as a regulatory mechanism that not only promotes the expression of genes 

involved in cholesterol production and absorption, but also has the ability to bind to the E-box in the 

promoter region of the ATP-binding cassette transporter (ABCA1), preventing cholesterol efflux by 

blocking its transcription. Additionally, SREBF2 co-transcribes with miR-33, a microRNA that 

prevents cholesterol export and trafficking to quickly raise intracellular cholesterol concentrations. 

Located at the SREBF2 gene is miR-33.57 Because SREBP cleavage-activating protein (SCAP) 

undergoes a number of conformational changes that makes it easier for it to bind to Insulin-induced 

gene protein-1, the Insig1-SCAP-SREBP2 complex is bound in the ER when there is a high level of 

cholesterol (Insig-1). This behaviour is thought to be caused by the sterol-sensing domain (SSD) in 

SCAP, which functions as the cholesterol-dependent active site for Insig-1.  SCAP stops Insig-1 from 

being ubiquitinated and destroyed, stabilizing it at the protein level.58 In the presence of cholesterol 

or 25-hydroxycholesterol in the ER membrane, coated proteins are unable to bind to SCAP, 

preventing the formation of COPII-coated vesicles.59 This procedure is managed by the SCAP Loop 

6 sequence methionine-glutamate-leucine-alanine-aspartate-leucine (MELADL). The migration of 

SCAP-SREBP from the ER to the Golgi has been demonstrated to depend on the presence of a number 

of domains in the SCAP sequence.60 The hexapeptide sequence, MELADL sequence at Loop 6 has a 

place where coat proteins can bind.61 As a result, cholesterol loading is not possible because COPII-

coated vesicles cannot be assembled because the conformational change brought on by Insig-1 

binding, which moves the MELADL sequence and makes the binding site inaccessible, precludes it. 

Cholesterol binding to luminal loop 1 causes SCAP to lose its connection to loop 7 and adopt an 

open conformation that makes it easier for Insig-1 to bind to SCAP and prevents COPII proteins from 

reaching the MELADL sequence, keeping the SCAP-SREBP-2 complex imprisoned in the ER. It has 

recently been demonstrated that the ubiquitin E3 ligase Rnf145, Ring finger protein 145, can also 

suppress the transcriptional activity of SREBP2.62 This LXR target gene causes cleavage-activating 

protein (SCAP) ubiquitination on two lysine residues near the COPII-vesicle binding site, which 
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prevents SCAP-SREBP-2 from being transported to the Golgi. This demonstrates how sterol 

regulatory element-binding protein (SREBP) and LXR, the dominant watchdogs of cholesterol 

creation and efflux, interact to keep cholesterol levels imbalance (Figure 8). Another point of control 

on the synthesis of cholesterol is catalyzed by the enzyme squalene monooxygenase (SM), which is 

involved in the conversion of squalene into the precursor of lanosterol known as 2,3(S)-mono-

oxidosqualene (MOS).63 Since SM is intimately connected to the ER membrane and SREBP-2 also 

regulates its transcription, it follows that the stability of cell depends on the concentration of 

cholesterol. Studies conducted in vitro revealed that the proteasomal system of cholesterol, 

nonetheless oxysterols, caused SM polyubiquitination and deterioration. Both RING finger 6, an E3 

ubiquitin ligase, was responsible for mediating this pathway, which was Insig-independent 

(MARCH6).64 It's interesting to note that the N-terminus of SM contributes to the conformational 

changes in SM's structure brought on by cholesterol, which are necessary for SM's degradation that 

is dependent on cholesterol. The HMG-CoA reductase activity is specifically inhibited by statins, a 

class of drugs used to lower plasma cholesterol levels.  This stops the body from producing 

cholesterol. 
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Figure 8. (a) Regulation of HMGR by covalent modification. (b) Protease-mediated regulation 

of SREBP activation46 Reprinted (adapted) with permission from.65 Copyright © 1996 - 2022 the 

medical biochemistry page, LLC. 

To increase the consumption of LDL-c particles and lower plasma cholesterol levels, LDLR is 

consequently increased in hepatocytes. There were reductions in major vascular events and all-cause 

mortality among persons without symptoms of cardiovascular disease, according to a meta-analysis 

from the Cochrane Library for the use of statins in primary prevention. Statins have long been known 

to decrease LDL-c plasma extent in patients with erstwhile cardiovascular diseases. 

Cholesterol Balance 

Low cholesterol has been linked statistically to greater rates of violent behavior, Parkinson's 

disease cancer, and suicide mortality. It has also been linked to bipolar illness, depression, and 

anxiety. Lower cholesterol levels are also related to gastrointestinal illnesses and TB susceptibilities. 

Every cell of an animal has cholesterol, a sterol that is necessary for life. Our cells' essential structure 

includes cholesterol, which safeguards our tissues. Many individuals dread and concentrate on 

having high cholesterol levels, but they never pay attention to how low cholesterol levels can affect 

their health. Balance is vital, as it is in everything else. Statistically speaking, a higher level of 

cholesterol is accompanying with a high percentage of threat of cardiovascular illness; but low 

cholesterol is linked to poor health and various chronic diseases, which is a less well-known 

association. An inferior concentration of cholesterol does not necessarily translates to a longer 

lifespan or higher quality of life, according to recent studies.66 A high cholesterol level or a cholesterol 

deficit can be identified using the reported profile. Additionally, these types of profiles identify risk 

factors for neurological and/or vascular disease and assess the body's elimination of potentially 

harmful homocysteine. Maintenance of a healthy balance of cholesterol throughout the body depends 

on the close link between cholesterol production and absorption. While synthesis increases, 

absorption declines, or vice versa, because of compensatory mechanisms shifting the routes in 

opposite directions. The influence of atorvastatin involved overexpression of genes for cholesterol 

production and absorption of SREBP-2, Niemann-Pick C1-Like 1 (NPC1L1), HMG-CoA reductase,67 

and LDLR) and down-regulation of genes for cholesterol efflux from enterocytes back into the 

intestinal lumen (ABCG5 and ABCG8).34 The balance between dietary cholesterol, cholesterol 

excretion, and endogenous synthesis is supported by this compensatory system. Endogenous 

reaction to the rise in dietary cholesterol was explored in several studies employing sterol balancing 

techniques, and it was shown that participant responses varied greatly. Variations in the 

transcriptional and post-translational mechanism of proteins involved in cholesterol uptake, efflux, 

and production are responsible for this variability. Increased bile acid production that is expelled in 
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the stool, the primary method for excreting cholesterol, balances out the rise in dietary cholesterol. It 

was reported earlier that an enhancement in cholesterol consumption decreased cholesterol 

production and increased endogenous cholesterol evacuation through the biliary tract.68 Thus, 

cholesterol production should be decreased in order to have a powerful compensatory mechanism 

that stops the rise in plasma total cholesterol and results to from an enhancement in cholesterol 

consumption. 

Due to a reduction in exogenous cholesterol absorption, an increase in dietary cholesterol has 

little impact on the concentrations of entire plasma and LDL cholesterol. When dietary cholesterol 

was increased from 240 to 800 mg per day utilising radiolabeled acetate integrated into sterols on 

outlying blood mononuclear cells endogenous cholesterol production was estimated to have 

decreased by 21%.26 However, individuals who did not reduce cholesterol production to offset the 

increase in cholesterol consumption experienced a considerable rise in plasma cholesterol 

concentration. Dietary or endogenous sources are where the intestinal lumen's supply of cholesterol 

comes from (intestinal epithelial sloughing, bile secretion, and TICE). Liver transforms cholesterol 

into bile acids, which are then coupled with either taurine or glycine and released into the bile before 

being further removed in the stool (Figure 9).69,70 Every type of mammalian cell contains cholesterol, 

which is a subtype of lipid.  
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Figure 9. (a) Mechanisms for absorbing cholesterol. Through NPC1L1 and ACAT2 in the 

endoplasmic reticulum, free cholesterol (FC) carried in micelles enters the enterocyte (ER).26 (b) 

Regulating the manufacture of cholesterol. SCAP and Insig-1 work together to attach SREBP-2, 

the principal regulator of cholesterol production and absorption, to the ER membrane26. 

Reprinted (adapted) with permission from. Copyright (2018) Milessa Silva Afonso et al.  

Nutrients, MDPI. 

It serves as a crucial component of cell membranes by preserving their integrity and stability as 

well as a precursor to many forms of essential sterol compounds, such as vitamins and hormones. 

Similar to other significant substances, the metabolism controls the amount of free cholesterol in the 

body by de novo production, intake, export, and esterification. More than twenty enzymatic 

platforms make up the de novo cholesterol production, also known as the mevalonate route, in 

various circumstances. Three acetyl-CoA molecules are combined to create one 3-hydroxy-3-

methylglutaryl coenzyme A as the initial step (HMG-CoA). HMG-CoA reductase (HMGCR),71 the 

first rate-limiting catalytic enzyme, changes HMG-CoA into mevalonate, which then undergoes a 

sequence of enzymatic processes to become farnesyl pyrophosphate (FPP), squalene, and ultimately 

cholesterol.72 Notably, FPP can transform into geranyl pyrophosphate which is another crucial factor 

in protein prenylation, in addition to downstream sterols and all other nonsterol isoprenoids. 

MicroRNAs (miRNAs) can post-transcriptionally control gene expression.73 Numerous miRNAs 

in human participate in controlling practically every function, including transport, synthesis, and 

upkeep of cholesterol homeostasis. MiRNAs are appealing targets for monitoring dyslipidemias and 

supplementary lipid-interlined with illnesses because of their tiny size and capacity to extremely 

precisely govern gene expression. Because of the intricate relationships between miRNAs, 

transcription factors, and gene expression, there is a high risk that miRNA overexpression or 

reticence will have negative effects.74 Numerous food ingredients have displayed potential in 

targeting particular miRNAs and changing the appearance and expression of genes downstream. 

Therefore, much more investigations must properly comprehend the function(s) of each miRNA in 

the body and how nutrition and health may affect those functions. This chapter gives a general 

overview of the roles that miRNAs are known to play in controlling reverse cholesterol transport, 

maintaining cholesterol homeostasis, and potential clinical repercussions of their change.75 This 

conversation will be profoundly engrossed in the role of kinases in cholesterol efflux, which has been 

the theme of the mainstream of research to date (particularly on the ATP-binding cassette transporter 

A1). 

Cholesterol efflux 
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An initial step in this mechanism, cholesterol efflux from cholesterol-rich macrophages, has been 

demonstrated in animal models to prevent atherosclerosis. Researchers examined the relationships 

between cholesterol efflux prospective and cardiovascular death and various common 

cardiovascular biomarkers and risk variables to get a further understanding of the regulation of 

cholesterol efflux.76 Cells must keep their cholesterol levels within very strict boundaries since excess 

or fewer amounts of cholesterol might disturb apoptosis, necrosis, and cellular membranes. Both 

intracellular production and plasma lipoproteins can supply the cholesterol needed by cells, and both 

sources are adequate to meet those needs. Cholesterol deficiency is uncommon because the 

mechanisms of making and absorbing cholesterol are strictly controlled. Excessive cholesterol is the 

most common problem.77 Hepatocytes and, to a lesser extent, adrenocortical cells are the only cells 

that can break down cholesterol in the body. To lower their cholesterol levels, cells can either efflux 

cholesterol, which have potentially limitless capacity or convert cholesterol into cholesteryl esters, 

which have a limited capacity because it is hazardous to over-supply cells with cholesteryl esters. 

This distinct method of cholesterol efflux is regulated by a multitude of intracellular transporters, 

including scavenger receptor type B-1, and ATP binding cassette transporter proteins. The levels of 

fibrinogen, C-reactive protein, interleukin-6, and serum amyloid A were all adversely correlated with 

cholesterol efflux.78 Patients with cholesterol efflux levels in the lowest quartile had a greater rate of 

cardiovascular death. Apolipoprotein A-I and high-density lipoprotein are natural plasma acceptors 

of cholesterol. HDL-related markers, such as HDL cholesterol, apolipoproteins AI, AII, HDL 

phospholipids, and HDL particle amount, showed a substantial correlation with cholesterol efflux, 

whereas LDL-related markers, such as LDL cholesterol and apoB, did not.79 Once HDL cholesterol 

was considered, this connection was lessened but not eliminated (Figure 10).80 Researchers displayed 

that the cholesterol efflux was related to HDL composition and inflammatory burden and this 

negatively predicts cardiovascular mortality irrespective of HDL cholesterol during coronary 

angiography. This section provides the information on: (I) how a specific treatment (a mutation, an 

overexpression or a therapy, a knock-down) affects a cell's ability to efflux cholesterol; and (II) how 

a disease or a treatment affects the ability of plasma acceptors to take up cholesterol. This method is 

often used in the context of cardiovascular research, infectious reproductive diseases, and metabolic 

and neurodegenerative disorders. High-density lipoprotein (HDL) plasma levels are negatively 

correlated with the prevalence of cardiovascular illnesses. Mendelian randomization analysis and 

various clinical experiments are not finding any importance of plasma HDL-cholesterol enriching 

medications on cardiovascular illnesses and have cast doubt on the causal association between the 

concentration of plasma HDL-cholesterol and cardiovascular illnesses.81 However, underlying 

connection between the concentration of HDL-cholesterol and cardiovascular health has been 

established recently. Mendelian randomization trials showed that most cases of cardiovascular 

disease proved the association of HDL-cholesterol and cardiovascular health in these investigations. 

As well, numerous studies in sizable population cohorts have demonstrated an inverse correlation 

between cardiovascular diseases and HDL's ability to remove cholesterol from the body. 
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Figure 10. Cholesterol efflux from mammalian cells is protein-mediated both passively and 

actively. Reprinted (adapted) with permission from.82 Copyright (2022) Daniel Wüstne et. al.  

Front. Cell Dev. Biol.  , Frontiers. 

The cholesterol efflux pathways exhibit anti-inflammatory and anti-atherogenic properties. The 

phenomenon of cholesterol efflux controls the rate of proliferation of hematopoietic stem and 

predecessor cells. This process governs the physiology of inflammation and Inflammasomes during 

the activation of the macrophages. The accumulation of cholesteryl esters in macrophages, or the 

development of macrophage foam cells, is likewise inhibited by cholesterol efflux channels.83 Recent 

research on single cells using RNA Seq showed that atherosclerotic plaques have existed in 

macrophage foam and that these cells also contained fewer pro-inflammatory genes than non-foam 

cells.84 This only occurred because of stimulated liver X receptor, G1 cholesterol transporters, 

increased ATP Binding Cassette A1 reactivity, and reduced inflammation. However, anytime such 

pathways are blocked, effected cells turn into inflammatory foam. 

Cell signaling and cholesterol homeostasis 

Complex systems involving synthesis, export, and uptake are used to maintain cholesterol 

homeostasis. To explore the phenomenon of the participation of signaling in these routes, a lot of 

research has been done to clarify these cholesterol-related pathways. All mammalian cells require 

cholesterol to function properly. To meet cellular cholesterol needs, plasma lipoproteins are 

synthesized from scratch and taken up by the cells in a process known as homeostasis, which is 

transcriptionally controlled by proteins known as sterol regulatory element-binding proteins 

(SREBPs).85 Together with other members of the nuclear receptor superfamily, farnesoid X receptor 

(FXR) and liver X receptors (LXRs) enhance catabolism, storage, and transit of sterols as well as their 
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metabolites to lessen the cytotoxicity brought on by accumulating excessive amounts of cholesterol. 

These metabolic nuclear receptors contain LXR, PXR, CAR, and FXR, as well as bile acid, fatty acid, 

and oxysterol receptors.86  

Through the coordinated regulation of transcriptional programmes, these nuclear receptors 

regulate crucial processes including inverse cholesterol transport and absorption, bile acid formation, 

lipoprotein uptake, lipoprotein synthesis, and reconfiguration by peripheral tissues. This chapter 

reviews various routes of signaling that affect above-mentioned processes and rate of cholesterol 

homeostasis, as well as transcriptional events. This section’s main objective is the involvement of 
kinases in cholesterol efflux, which has been the subject of most research to date, particularly on the 

role of signaling in cellular cholesterol homeostasis and the ATP-binding cassette transporter.87 This 

update emphasizes the important role of nuclear receptors in coordinating the intricate 

transcriptional programmes that control cholesterol metabolism and the synthesis of related bile 

acids, the interactions of lipid metabolites with their receptors, and the nuclear receptors' function in 

lipid signalling cascades. It's been known for a long time that cholesterol serves various purposes in 

mammalian cells. Cholesterol is essential for the production of steroid hormones, bile acid 

metabolism, and cellular structures such lipid rafts in addition to playing a key role in cell 

membranes. Because cholesterol plays so many different and important roles in cells, its levels must 

be regulated within a certain range. Mammalian cells include complex cholesterol homeostatic 

machinery with multiple levels of regulation. The cholesterol synthesis pathway and immersion 

through low-density lipoprotein receptor are the two best-understood ways for most of the cells to 

obtain cholesterol.11 Cholesterol can be taken up by some cells by phagocytosis and exchange routes, 

including macrophages. The majority of cell types have a cholesterol export route, which becomes 

active when cellular cholesterol concentration are excessive and need to be reduced. Many common 

disorders, including atherosclerosis, where cellular cholesterol accumulation impairs regular cellular 

functioning, are caused by an imbalance between uptakes, synthesis, and export. 

To identify new treatment targets, significant research is still being conducted to understand the 

precise controlling of cholesterol homeostasis.88 The significance of post-translational mechanisms 

concerning cholesterol homeostasis is growing along with transcriptional regulation. Cell signaling 

pathways include a post-translational switch, which is a rapid way to turn proteins on and off before 

transcriptional mechanisms have an interval to proceed the effect. With the creation of multiple 

effective medications that target cell signaling networks, it is now more crucial than ever to 

understand the function of these pathways. Since much of the research to date has concentrated on 

this topic, the authors of this chapter intend to highlight some significant advancements in the 

function of signaling routes controlling cholesterol concentration in cells. Signaling in cholesterol 

efflux will receive special attention.89 Complex protein interactions that entail regulating protein 

phosphorylation states by kinases and phosphatases are a part of cell signaling cascades.82 Many 

signaling pathway intermediates and components interact with one another, therefore it might be 

difficult to pinpoint the precise kinase or phosphatase responsible for an observed impact. This is a 

warning that applies to many studies in this field. Transcriptional regulation is the level of cholesterol 

homeostasis that has been studied most thoroughly. In terms of important transcriptional regulators 

that have been found to be necessary for the creation of cholesterol and the absorption of LDL, the 

transcription factor SREBP-2 is at the top of the list. SREBP-2 is proteolytically activated when 

endoplasmic reticulum cholesterol levels are low, which causes the transcription of genes involved 

in production and uptake of cholesterol and 3-hydroxy-3-methylglutaryl coenzyme A reductase to 

be induced low-density lipoprotein receptor.90 A network of transcriptional processes is responsible 

for maintaining cellular and overall body cholesterol homeostasis (Figure 11). A negative feedback 

loop that responds to increases in intracellular cholesterol at various levels precisely controls de novo 

cholesterol synthesis and lipoprotein cholesterol absorption in cells.   
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Figure 11. Regulation of SREBPs occurs at various stages including, multiple signals regulate 

SREBP synthesis, transcriptional activity, degradation, and proteolytic activation. Activated, 

nuclear SREBP is tightly controlled by post-translational modifications. Reprinted (adapted) 

with permission from.91 Copyright (2020) Hunjoo Haet al. Front. Pharmacol. Frontiers. 

The membrane-bound transcription factors (SREBPs) directly stimulate the features of genes 

participated in cholesterol production and uptake as well as lipogenesis, controlling this pathway.92 

The SREBP pathway ensures that there is enough cholesterol for cellular needs, but excessive 

amounts of free or surpass cholesterol because the production of SREBP-dependent genes to be 

suppressed (Figure 12). Along with other members of the liver X receptors, family of nuclear receptor 

and the farnesoid X receptor facilitate the storage, transit, and catabolism of sterols to prevent 

cholesterol buildup.93 The bidirectional movement of cholesterol between peripheral tissues, and 

liver as well as the hepatic elimination dietary sterols, sterol metabolites, and of cholesterol are all 

mediated by these metabolic nuclear receptors. LXR (NR1H3), LXRs, and LXR (NR1H2) are nuclear 

receptor superfamily members and ligand-activated transcription factors.  
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(c)  

Figure 12. (a) and (b) Signaling pathways for myocardial fibrosis and hypertrophy (a, b). Several 

substances take role in the control of the genes responsible for cardiac hypertrophy. Reprinted 

(adapted) with permission from.15 Copyright (2017) Valentina Valenti et al. Oxidative Medicine 

and Cellular Longevity, Hindawi. (c) A description of the main signaling pathways involved in 

the metabolism of cholesterol. Reprinted (adapted) with permission from.94 Copyright (2017) 

Mingyan Heet al. Oncotarget. 

To trigger gene expression, LXRs preferentially attach to LXR response elements, which consists 

with two hexanucleotide replications detached by four nucleotides, together with their heterodimeric 

partner, and retinoid X receptor (RXR).95 With lower expression in splenic tissues, adipose, gut, 

kidney, and LXR is abundantly happened in the liver tissue. Recent research has demonstrated that 

oxysterols are particular ligands for the LXRs. The most powerful oxysterols are 22(R)-
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hydroxycholesterol, an intermediary in the synthesis of steroid hormones, 24(S),25-epoxycholesterol, 

which  are formed in 24(S)-hydroxycholesterol, termed as hepatocytes and macrophages, are 

common cholesterol metabolite in brain tissue.95 Moreover, the 27-hydroxycholesterol formed in 

macrophages to counter cholesterol loading and activates LXRs, is a significant physiological ligand. 

Transactivation of the genes ABCA1, APOE, CETP, and PLTP, as well as ABCG1, ABCG5, and 

ABCG8 involved in sterol transport, cholesterol efflux, sterol catabolism and high-density lipoprotein 

metabolism is how LXRs react to high cholesterol levels (CYP7A1).96 LXRs also play a significant role 

in regulating the number of lipids present in cells by activating SREBP-1c, the main regulator of de 

novo lipogenesis. Two examples of the fatty acid synthesis genes that SREBP-1c regulates are stearyl-

CoA desaturase-1 and fatty acid synthase. Stearyl-CoA desaturase-1, on the other hand, transforms 

stearyl-CoA into oleyl-CoA, the preferred substrate for cholesterol acyltransferase, which uses acyl-

CoA.97  Combining the control of de novo lipogenesis with cholesterol catabolism allows LXRs to 

remove extra sterol more effectively and stop cholesterol-induced cytotoxicity. SREBP-1c-mediated 

fatty acid synthesis coped with additional free cholesterol when there was high cholesterol. The 

presence of additional cholesterol in cells serves as a temporary buffer for free cholesterol that is 

present at the cellular level because the CE cycle continuously converts the cholesterol associated 

with lipid droplets. However, the production of LXR-mediated CE and triglyceride in tissues that 

synthesize lipoproteins provide the fundamental components for lipoprotein assemblage and 

secretion, serving as a significant route for sterol export.98 LXRs performed as sterol sensors and 

trigger cholesterol catabolism, efflux, and de novo lipogenesis simultaneously to control the 

concentration of cellular cholesterol and inhibit lipotoxicity. 

Progression of cardiac remodeling  

The advancement of heart failure is connected with cardiac remodelling, which is defined as a 

collection of interstitial, molecular, and cellular alterations that modifies the geometry of the heart 

and ultimately affects its size, functional style, mass, and form. Cardiac remodeling occurs 

throughout both the adaptive and maladaptive developmental stages.17 When it occurs late in the 

process, heart failure occurs. This is an adaptive response to retain cardiac output in its initial stages. 

Oxidative stress appears to be the main mechanism that initiates the transformation from cardiac 

hypertrophy to heart attacks because of modifications in signal transduction, poor calcium handling, 

increasing cardiomyocyte loss, malfunction of the sarcolemma and sarcoplasmic reticulum, and 

increase in cardiac fibrosis.99 In this part, the principles and medical effects of cardiac remodelling are 

reviewed along with the pathophysiological relevance of a number of factors, including oxidative 

stress, inflammation, cell death, energy metabolism, collagen, contractile proteins, and form. The 

study concludes by describing three different levels of techniques for the pharmacological treatment 

of cardiac remodeling: solidified, promising, and prospective strategies. Increases in left ventricular 

mass and volume have been linked directly to future left ventricular performance decline and a less 

favorable clinical course, according to natural history studies in heart failure.100 Although cardiac 

remodeling is considered important in heart failure, little is understood about the fundamental 

mechanisms that cause cardiac remodeling. Recent clinical and experimental investigations that 

emphasize on the significance of remodeling process during heart failure are summarized.101  

This chapter describes the mechanisms that influence LV remodeling at cellular, myocardial, 

and chamber levels. Norepinephrine and Angiotensin II level increases demonstrating 

neurohormonal activation, which is a crucial element in the early phases of cardiac remodeling and 

is associated with ventricular hypertrophy. An important factor in the early stages of cardiac 

remodeling and a link to cardiac hypertrophy is neurohormonal initiation, as evidenced by the 

increase in norepinephrine and angiotensin II levels. Beside it, heart failure-related late cardiac 

remodeling may be accompanied by protracted neurohormonal activation, inflammatory signaling 

brought on by elevated levels of TNF- and TGF-, and cardiac remodeling.102 Heart failure can arise 

because of cardiac remodeling, which at first seems to function as an adaptive mechanism. However, 

as the process progresses, molecular and cellular abnormalities are linked to it, which cause heart 

failure. Myocardial remodeling caused by pathological molecular pathways alters the heart's current 

structure and results in cardiac dysfunction. Various mechanisms include myocyte loss, modification 
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of the event of extracellular matrix homeostasis, metabolic problems, mitochondrial dysfunction, 

fibrosis, and faulty autophagy within the complex signaling network identified in myocardial 

remodeling and cardiac hypertrophy.103 Numerous pathophysiological stressors, including pressure 

and volume overload, start the remodeling cascade, which first offers heart protection as a coping 

mechanism. But following a myocardial infarction, persistent inflammation also triggers cardiac 

remodeling, which, if left untreated, progresses to heart failure.104 Here, the authors discuss the 

molecular mechanisms underlying cardiac remodeling with a focus on the myocardial infarction-

related pathways. A deeper understanding of the complicated cell signalling involved in cardiac 

remodelling may enable the development of novel therapeutic approaches to treat heart failure and 

the mitigation of its effects. The authors will also discuss the evidence from gene therapy techniques 

for regulating crucial mediators of cardiac remodeling. Development of innovative therapeutic 

approaches to cure heart failure and the mitigation of cardiac consequences may be supported by an 

enhanced knowledge of the cell signaling playing a part in cardiac remodeling. The authors also 

provide evidence from gene therapy techniques for regulating crucial mediators of cardiac 

remodeling.105 Development of heart failure seems to be a widespread and well-coordinated response 

to cardiac malfunction and injury.105  

A better knowledge of these mechanisms is essential for the improvement of cardiovascular 

biology and subsequent creation of focused, efficient treatment methods for patients with congestive 

heart failure, according to the present mechanistic viewpoint predictably shared, highly controlled 

events highlight the multifaceted heart failure route. Heart failure progression is accompanied by 

cardiac remodeling, which is the reorganization and remodeling of the heart.106 Regardless of the 

cause of CHF, cardiac remodeling plays a significant role in how the condition develops clinically. 

Based on reliable evidence demonstrating unique changes in cell size, ability to contract, and shape 

during heart failure, the traditional ideas of cellular remodeling are modified. The purpose of 

programmed cell death and the intriguing possibility of cardiomyocyte regeneration are both the 

subjects of extensive research. 

Notably, the growing evidence of cardiomyocyte renewal and regeneration points to the 

complexity and dynamic nature of cellular remodeling still remains poorly understood.106 With the 

regulation of cell death and stimulation of cell renewal as a therapeutic target, it is now conceivable 

to develop novel therapies to regenerate and repair failing myocardium.107 According to a systematic 

assessment of the currently available research, the traditional ideas and approaches for defining the 

control of remodeling are completely inadequate. Failure, neurohormonal remodeling, and the novel 

cytokine hypothesis cannot adequately explain all cellular and molecular alterations that result in 

heart failure. It is essential to further discover novel biomolecules and mechanisms for the 

coordinated control of cardiac remodeling to find new therapeutic targets and manage the 

remodeling process. Hemodynamic overload, neurohormonal activation, inflammation 

(myocarditis), and ischemia (myocardial infarction) are the causes of cardiac remodeling. Cardiac 

remodeling is supposed to be both a maladaptive and an adaptive occurrence.108 Cardiovascular 

remodeling helps the heart sustaining cardiac output during early stages of myocardial stress. The 

prolonged stressful input that is an ongoing process results in progressive decompensation. After 

happening of these events, the heart experiences cellular alterations, including myocyte hypertrophy, 

increased fibrillar collagen, fibrosis, and necrosis, apoptosis, and fibroblast proliferation. It appears 

as changes in the heart's geometry (the chambers change from an elliptical to a spherical shape) at 

the macroscopic level, which is linked to progressive left ventricular failure. Additionally, this 

process includes irregularities in energy consumption, altered contractile protein expression or 

function, abnormalities in excitation-shrinkage pairing events, and variations in the extracellular 

matrix. 

Transforming growth factor-beta is essential for the regulation of fibroblast gene expression and 

phenotype, which results in interstitial fibrosis. By preventing MMP expression and stimulating the 

synthesis of TIMPs, TGF slows down the breakdown of the extracellular matrix. Transforming 

growth factor-beta also triggers the transformation of certain fibroblasts into cardiac fibroblasts and 

promotes the creation of extracellular matrix proteins. Results of numerous researches support the 
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notion that the RAS and transforming growth factor-beta pathways are directly related to their role 

in the functioning downstream of angiotensin II.109 The key to cardiac remodeling disease may be 

extracellular matrix remodeling.103 Myocardial cells and blood vessel connections are disrupted and 

disorganized when extracellular matrix network structure is damaged, which reduces heart function 

and damages structural integrity. Increased stiffness of myocardial wall, systolic and diastolic 

dysfunction, and deformed architecture are caused by fibrosis and overproduction of extracellular 

matrix proteins. Another goal of this chapter is to outline the mechanism of cardiac remodeling as it 

occurs at the onset of heart failure. Cardiac fibroblasts make up about two-thirds of the heart's cell 

population and are the size of a cell population. Alternatively, roughly two-thirds of the cardiac 

tissue is made up of cardiomyocytes.110 Cardiac fibroblasts are crucial for the best possible electrical 

conduction in the myocardium. Cardiac fibroblasts are crucial to homeostasis and remodeling of 

extracellular matrix (Figure 13). 

 

Figure 13. Overview of the key processes leading to cardiac remodeling in a diagram. 

Cardiomyocyte (CM) loss, hypertophy, and myocardial fibrosis are caused by the convergence 

of the numerous signaling pathways involved,7 including the rise and oxidative stress 

pathways, in cell death, inflammation, and changes in energy metabolism. These changes result 

in cardiac remodeling.15 Reprinted (adapted) with permission from.15 Copyright (2017) 

Valentina Valenti et al. Oxidative Medicine and Cellular Longevity, Hindawi. 

Fibronectin, elastin, glycoproteins, laminin, fibrillin, and fibrillar collagen types (I) and (III), and 

proteoglycans make up the ECM under normal circumstances; cardiac fibroblasts are the main source 

of these extracellular matrix proteins.111 Cardiac fibroblasts also create extracellular matrix-
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monitoring proteins called matrix metalloproteinases and tissue inhibitors of MMPs.112 Extracellular 

matrix homeostasis depends on MMPs and proteases that break down extracellular matrix proteins, 

and tissue inhibitors of MMPs, which can prevent MMP activity. The change of flowing bone 

marrow-derived cells into cardiac fibroblasts, infiltration of these cells into the heart, and the 

hyperactivity of these cells-all of which grow in response to particular stressful stimuli are the 

primary causes of fibrosis.113 According to several studies, collagen deposition and fibrosis in cardiac 

remodeling are associated with elevated levels of collagen synthesis biomarkers (PIIINCP, PIIINP, 

PICP, and PINP) and lower blood levels of collagen type I degradation biomarker (CITP). 

Neuroinflammation, neurodegeneration, and cholesterol homeostasis 

For cellular homeostasis and transmembrane transfers both inside and between cellular 

compartments, cholesterol is crucial. The cholesterol is transferred between neurons in the brain, 

which have the greatest concentrations of cholesterol in the body, and intracellular organelles to 

sustain usual brain function. Most of the cholesterol is generated by glial cells, however, neurons can 

also take up astrocyte-produced cholesterol. Endocytic and retrograde passage routes carry 

cholesterol to and from the intracellular organelles endosomes and lysosomes. However, it appears 

that the etiology of Parkinson's disease, Niemann-Pick disease type C illnesses, and aberrant 

cholesterol trafficking are all related to neuroinflammation, neurodegeneration, and cholesterol 

homeostasis.114 Abnormal molecular interactions or specific cholesterol depositions have been seen 

as important factors that hasten the death of neuronal cells under the diseased settings of these 

neurodegenerative illnesses.115 The authors address current developments about the function of 

cholesterol in a fit brain and the molecular pathways by which Niemann-Pick disease, Alzheimer's, 

and Parkinson's disorders are impacted by cholesterol. With a focus on cholesterol interactions with 

Niemann-Pick disease and synuclein in Alzheimer's disorders, Niemann-Pick disease, and 

Parkinson's disease.  

Recently, it was found that brain cells are unable to maintain their protective myelin sheaths in 

the absence of a protein known as transactive response DNA binding protein.116 Studies have 

demonstrated that the protein transactive response DNA binding protein, which plays a role in 

diseases like frontal lobe dementia and amyotrophic lateral sclerosis, affects cholesterol metabolism 

in the brain.117 Moreover, it has been demonstrated how crucial cholesterol synthesis and absorption 

are for developing myelin sheaths. Researchers have specified that the experimental data they 

obtained from their previous work in mice with transactive response DNA binding protein removed 

from oligodendrocytes were the basis for their investigation into the relationship between transactive 

response DNA binding protein and cholesterol metabolism.118 Oligodendrocytes shield and 

myelinate neurons, increase the transmission speed as a result. The investigators revealed that 

animals lacking transactive response DNA binding protein in their oligodendrocytes exhibit 

increasing neurological abnormalities that result in early mortality (Figure 14). It was described that 

these characteristics were followed by oligodendrocyte death and progressive myelin atrophy.  

Chronic neuroinflammation and oxidative stress are two interwoven pathologic variables that 

contribute to neurodegenerative disorders (such as Parkinson's and Alzheimer's disease) and brain 

aging. Numerous biological processes depend on reactive oxygen species (ROS), which serve as 

physiological signaling molecules. However, the redox imbalance that results when the concentration 

of ROS overpower the antioxidant defence mechanism compromises cellular reliability and 

functioning. The brain reacts to oxidative stress rapidly. New treatment approaches to arrest the main 

causes of oxidative stress in neurodegenerative illnesses are required in light of the failure of free 

radical-scavenging antioxidants in clinical trials. Although the mitochondrial electron transport chain 

is the main source of intracellular ROS, chronic neurotoxicity caused by overactive phagocytic 

NADPH oxidase (NOX2), a significant inflammatory oxidative enzyme, has been shown to be 

primarily mediated by NOX2 in models of neurodegenerative disorders.119 Furthermore, recent 

research has indicated that dysregulated chronic neuroinflammation may be the catalyst and trigger 

for long-term neurodegenerative processes. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 August 2023                   doi:10.20944/preprints202308.1889.v1

https://doi.org/10.20944/preprints202308.1889.v1


 26 

 

 

Figure 14. Alzheimer's condition (AD). Alzheimer's disease (AD) is a degenerative neurologic 

condition that damages the brain's neurons irreparably and causes cognitive decline, including 

loss of memory and reasoning, which can make it difficult to operate in social or professional 

contexts.120 Reprinted (adapted) with permission from. Copyright (2013) Antonella Mandas et al.  

Front Physiol, Frontiers. 

Treatment for neurodegenerative illnesses may be more effective when the confluence of 

oxidative stress and neuroinflammation is blocked. As a result, the targeting microglial NOX2 may 

develop into a promising therapeutic approach that alters the course of neurodegenerative disorders. 

When homeostasis in the brain is disturbed, either directly through the production of aberrant 

proteins or cerebral hypoperfusion, or indirectly through peripheral inflammation, microglia are 

stimulated to yield a range of pro-inflammatory constituents that may cause swelling and cell 

death.121 Pro-inflammatory cytokines may cause alterations in the iron proteins necessary to maintain 

iron homeostasis, resulting in increased iron deposition in brain cells. Through their interactions with 

iron-regulatory proteins, reactive nitrogen and oxygen species, which are intimately associated with 

the inflammatory process, can have a major impact on iron metabolism.122 This explains why it is 

crucial to maintain iron levels in a state that can be controlled; as a result, the sophisticated systems 

that control iron homeostasis can be better understood (Figure 15). N-acetyl cysteine, non-steroidal 

anti-inflammatory drugs, and iron chelation may be utilized as therapeutic methods to reduce the 

toxicity of iron in biological systems. 
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Figure 15. Lipid-protein interactions in synaptic transmission. When synaptic vesicles fuse 

(exocytose) with the presynaptic membrane at a particular location (referred to as the active 

zone) in response to Ca2+ inflow via potential-gated Ca2+ channels, the neurotransmitter is 

released. Reprinted (adapted) with permission from.35 Copyright (2016) A. M. Petrov et al. Acta 

Naturae, Europe PMC. 

Cholesterol homeostasis, and targeted therapeutics. 

Cholesterol governs cellular homeostasis and maintains the firmness of cell sheaths. Thus, 

preserving cholesterol homeostasis is crucial for regular cellular activity. By controlling cholesterol 

production, efflux, and intake from lipoprotein carriers, cellular cholesterol maintains homeostasis. 

Obesity, diabetes, cancer, and cardiovascular disease are only a few disorders that are typically 

brought on by abnormal trafficking and cellular cholesterol homeostasis.123 According to recent 

studies, several inherited illnesses may also be triggered by a disturbed cholesterol homeostasis. An 

accumulative quantity of research has shown a direct connection between acquired diseases like 

cardiovascular problems, liver problems, and many types of cancer and cholesterol homeostasis. Due 

to its therapeutic potential as a target in both the prevention and therapy of cancer, cholesterol is 

receiving more and more interest in cancer research. Its involvement in tumorigenicity, however, is 

still debatable. Cholesterol homeostasis has been documented as a new essential reason in the 

pathogenesis of cancer-based on the available data.  

The role of cholesterol in signal transduction and conversion into other crucial macromolecules 

such as sterol hormones and bile acids has been underlined. According to research, cholesterol has a 

distinctly paradoxical function in the development of cancer, demonstrating that the relationship 
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between cholesterol and carcinogenicity might vary depending on the kind of cancer. High 

cholesterol or hypercholesteremia is associated with breast and prostate cancers but still requires 

more authentic proof.124 The key findings of recent pre-clinical and clinical studies are being explored 

in cholesterol metabolism in cancer. Recent studies have explained the therapeutic role of natural 

compounds that are applied as cholesterol-lowering medications during the treatment of cancer 

(Figure 16). Worldwide cancer incidence and cholesterol content have found to be linked in 

epidemiological studies. Evidence is mounting that the disruption of cholesterol metabolism plays a 

growing role in the emergence of cancer.125 More precisely, recent studies have demonstrated how 

cholesterol plays a unique function in the control of cell survival, the inhibition of immune cells, and 

the variation of cancer stem cells. In conclusion, altering cholesterol metabolism may represent a fresh 

therapeutic approach for treating cancer. 

 

Figure 16. Lipid metabolism and new treatments to lower cholesterol and prevent 

cardiovascular disease. Reprinted (adapted) with permission from.126 Copyright (2016) Monte 

S. Willis et al. Journal of Cardiology and Therapy, Europe PMC. 

Interrupted cholesterol homeostasis is a starting point for the onset of many diseases, including 

cancer, neurodegenerative diseases, and cardiovascular diseases, during these unwanted cellular 

events, lipid buildup (primarily cholesteryl esters) in macrophage/foam cells beneath the endothelial 

region eventually leads to atherosclerotic lesions.127 Various studies have demonstrated that reducing 

cholesterol levels, particularly those of low-density lipoprotein cholesterol, effectively defends 

cardiovascular system and decreases the threat of cardiovascular happenings.128 Cholesterol uptake, 

storage, efflux, use, biosynthesis excretion, and transportation play a role in maintaining cholesterol 

homeostasis. Many regulatory pathways should precisely govern every process. Numerous therapies 

have been devised to reduce levels of cholesterol by preventing cholesterol production and uptake 

or increasing cholesterol use and excretion. These strategies are based on the management of 

cholesterol homeostasis.129 Figure 17 depicts the current knowledge of the molecular pathways 

important for controlling cholesterol homeostasis, nanotherapies used to lower cholesterol based on 

clinical or preclinical investigations, and emerging cholesterol-lowering targets. 
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Figure 17. Nanomedicine-based strategies for targeting advanced atherosclerotic plaques.28 

Reprinted (adapted) with permission from. Copyright (2021) Acta Pharmacol Sin. et al. Acta 

Pharmacol Sin., Springer nature. 

Reported data points to a clear connection between inflammation, hematological malignancies, 

and cholesterol homeostasis in addition to maintaining cell integrity and permeability. As a result, 

the ideal therapeutic focus for hematological malignancies is cholesterol homeostasis. The integrity 

of tumour cells is impacted in vitro and in vivo by altering the homeostasis of cholesterol, either by 

preventing its synthesis or by triggering reverse cholesterol transport by activating liver X 

receptors.130 In preclinical animals, cholesterol homeostasis has been altered to revive anticancer 

immune responses. These findings have led to the testing of chemotherapy and medicines that 

prevent the synthesis of cholesterol in clinical studies involving acute myeloid leukemia (statins). 

Body won't be in deprivation of cholesterol, which is crucial for its normal operation, using this 

method. To assess the downstream implications of the cholesterol-depleting method, which include 

the effects on various signaling pathways, adverse effects, and long-term treatment, more research is 

still needed. Clinical trials and in vivo research must evaluate the efficacy and validity of this 

therapeutic approach.18 Creating high-throughput siRNA displays  the genes implicated in 

cholesterol signaling routes and paths to determine their connection with innumerable cholesterol-

dependent malignancies could be a promising screening technique.131 It would also be necessary to 

research how well-known medications affect the levels of gene expression in pathways associated 

with cholesterol. Over the course of the chapter, the authors examine the possible applications of lipid 

modulators as therapeutic agents and evaluate the importance of cholesterol homeostasis in 

hematological distortions as well as in tumor cells and associated microenvironment. 

This chapter examines the linkages between cholesterol and the signaling pathways that drive 

cancer, and has underlined the urgent need to lower cholesterol levels in cancer cells to stop 

unchecked-cell growth that can prevent the progression of treatment battle in cancer cells. The 

authors propose that lowering cholesterol levels must be investigated as a potential therapeutic target 

for curing fatal diseases in the ongoing search for alternate therapies.132 Several ambiguities persist 

about statins, it can be underlined here clearly that they can be used in clinical trials counter to cancer 

soon.133 To further diminish cancer medication resistance, combining a cholesterol-depleting agent 

with anticancer therapy medicines may be relevant. Generally, this somewhat new domain of 

exploration presents exciting prospects to the researchers for new anticancer drug development as 
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well as understanding the biology of cholesterol, particularly concerning cancer at the system level, 

to develop new strategies to combat cancer drug resistance. Thus, the emerging potentials of 

cholesterol regulation and its implications in the management of various disease conditions must be 

explored.  
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