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Abstract

Coenzyme A (CoA) functions as a crucial carrier of acyl groups within cells, playing a fundamental role in regulating acyl transfer
reactions and participating in cellular metabolic processes. As the principal substrate and cofactor engaged in diverse metabolic reactions,
CoA and its derivatives exert central influence over various physiological processes, primarily modulating lipid and ketone metabolism,
as well as protein modification. This paper presents a comprehensive review of the molecular mechanisms by which CoA influences
the onset and progression of cancer, cardiovascular disease (CVD), neurodegenerative disorders, and other illnesses. The main focal
points include the following. (1) In cancer, enzymes such as acetyl-CoA synthetase 2, ATP citrate lyase, and acetyl-CoA carboxylase
regulate lipid synthesis and energy metabolism by modulating acetyl-CoA levels. (2) In CVD, the effects of enzymes such as stearoyl-
CoA desaturase-1, 3-hydroxy-3-methylglutaryl-CoA (HMGC) synthase 2, and HMGC reductase on the formation and advancement of
these diseases are elucidated by their regulation of CoA metabolism across multiple organs. (3) In neurodegenerative disorders, the
significance of CoA in maintaining cholesterol homeostasis in the brain and its implications on the development of such disorders are
thoroughly discussed. The metabolic processes involving CoA and its derivatives span all physiological aspects within cells, playing a
critical role in the onset and progression of various diseases. Elucidating the role of CoA in these conditions yields important insights
that can serve as valuable references and guidance for disease diagnosis, treatment, and drug development.
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1. Introduction
CoenzymeA (CoA) plays a pivotal role in cellular pro-

cesses and is synthesized from L-Cysteine, ATP, and vita-
min B5 (also known as pantothenic acid) [1]. Its primary
function is to facilitate the formation of acyl-CoA com-
pounds through thioester binding with various acyl groups
including acetyl, propionyl, succinyl, and 3-hydroxy-3-
methylglutaryl (HMG) [2]. These acyl-CoA derivatives
serve as essential participants in diverse metabolic path-
ways within the human body. The metabolism of CoA and
its thioester derivatives is intricately linked to a spectrum of
diseases [2].

Acetyl-CoA serves as a pivotal intermediary in carbon
metabolism, playing a dual role by supporting the tricar-
boxylic acid (TCA) cycle for ATP generation and facilitat-
ing the synthesis of fatty acids (FAs). Moreover, it serves
as a crucial substrate for lysine acetylation reactions within
cells, which are indispensable for cell growth and survival
[3]. Enzymes such as ATP citrate lyase (ACLY), pyruvate
dehydrogenase complex (PDC), and acyl-CoA short chain
synthetase (ACSS) are responsible for the conversion of cit-
rate, pyruvate, and acetate into acetyl-CoA, with these pro-
cesses occurring in the cytoplasm and mitochondria [4].

ACLY, which is localized in both the cytoplasm and
nucleus, is responsible for converting citrate into acetyl-

CoA in the cytoplasm [5]. Another significant contributor
to acetyl-CoA in both the nucleus and cytoplasm is ACSS2,
which synthesizes acetyl-CoA from acetate [6]. In mam-
malian cells, ACSS2 is implicated in cytoplasmic lipid syn-
thesis, whereas ACSS1 facilitates ATP production in the
mitochondria [7]. ACLY plays a critical role in glucose-
dependent fatty acids (FA) synthesis and histone acetyla-
tion. The upregulation of ACSS2 and conversion of acetate
are the primary compensatory mechanisms in response to
ACLY defects. Interestingly, despite the elevated acetyl-
CoA levels and increased ACSS2 expression, defects in
ACLY lead to reduced acetylation levels of total histone
proteins, impaired proliferation, and altered gene expres-
sion patterns [8].

The rate-limiting enzyme governing long-chain FA
synthesis and mitochondrial FA oxidation (FAO) is acetyl-
CoA carboxylase (ACC) [9]. ACC1, predominantly lo-
calized in the cytoplasm, generates malonyl-CoA, a key
substrate for FA biosynthesis, and acts as an allosteric in-
hibitor of carnitine palmitoyl-transferase, a key mediator
in transporting FAs into the mitochondria for β-oxidation
[10]. Additionally, ACC2, localized in the mitochondria
and prominently expressed in oxidative tissues such as
skeletal muscle and heart, plays a crucial role in regulat-
ing FA β-oxidation [9]. Significantly, all three enzymes are
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found in the nucleus, underscoring the central importance
of acetyl-CoA in cellular metabolism, signaling, and epi-
genetics. This molecular hub is essential for fundamental
biological processes, including energy production, macro-
molecular biosynthesis, and protein modification [5,11].

Serving as a carrier molecule, CoA actively engages
in transferring acyl groups across various metabolic path-
ways, playing pivotal roles in processes such as the TCA
cycle, cholesterol synthesis, and protein modification [12–
14]. The crucial involvement of CoA in cellularmetabolism
tightly correlates with the onset and progression of cancer
[15]. Understanding the intricate interplay between CoA
and cancer is paramount, potentially paving the way for
novel research avenues, personalized diagnostic tools, and
therapeutic approaches in cancer treatment [16–18]. Ac-
cumulating evidence indicates that disturbances in CoA
metabolism contribute to the genesis and exacerbation of
cardiovascular diseases (CVDs), impacting vital pathways
such as the TCA cycle, lipid metabolism, and ketone body
utilization [19–21]. Moreover, neuronal genetic defects
in CoA metabolism detrimentally affect cellular energy
generation and oxidative stress, leading to neuronal dys-
function and neurodegeneration [22,23]. Diseases such as
Alzheimer’s disease, Parkinson’s disease, and Huntington’s
disease, which frequently show disruptions in cholesterol
metabolism, energy pathways, and mitochondrial function,
are intricately interconnected with CoA-dependent pro-
cesses [24–27].

CoA and its derivatives play pivotal roles in multiple
diseases. Further exploration of their functions could pave
the way for innovative therapeutic interventions and strate-
gies.

2. Functions of CoA and Its Derivatives in
Diseases

2.1 Acetyl-CoA and Cancer

Dysregulation of metabolic processes involving di-
verse substances contributes to the initiation and progres-
sion of cancer [28]. While normal cells predominantly rely
on mitochondrial oxidative phosphorylation for energy pro-
duction, cancer cells exhibit a preference for aerobic gly-
colysis, a phenomenon crucial in cancer cell proliferation,
commonly known as the “Warburg effect” [29,30].

The metabolism of acetyl-CoA metabolism is gov-
erned by three enzymes, ACSS2, ACLY, and ACC, all of
which exert an impact on lipid metabolism [20,31]. These
enzymes are significantly overexpressed in various cancers.
ACSS2 and ACLY enhance acetyl-CoA production, while
ACC improves the utilization rate of acetyl-CoA, thereby
promoting cell lipid metabolism, the TCA cycle, and his-
tone acetylation. These processes collectively facilitate tu-
mor growth (Fig. 1) [14].

2.1.1 ACSS2
ACSS2 is integral to a diverse array of cellular phys-

iological processes. Initially, it catalyzes the synthesis
of acetyl-CoA. Then it exerts regulatory control over sig-
nal transduction pathways. Lastly, within the nucleus,
ACSS2 participates in the recycling of acetate generated
by lysine deacetylase (Kdac) activity, thereby contribut-
ing to the energy supply essential for cellular metabolism
[32,33]. Comparative metabolomics and lipidomics stud-
ies have revealed that cancer cells utilize acetate as a nutri-
tional source in an ACSS2-dependent manner. Under con-
ditions of low oxygen and lipid depletion, ACSS2 exhibits
the capacity to catalyze the reverse reaction from acetyl-
CoA to acetate in tumor cells. This suggests that ACSS2
functions as a bidirectional enzyme in cancer cells, poten-
tially playing a buffering role in the metabolism of acetyl-
CoA/acetate in cancer [34–36]. Numerous studies have
identified increased expression levels of ACSS2 across var-
ious cancer types, contributing to the maintenance of hi-
stone acetylation modifications [37,38]. Conversely, re-
search has demonstrated that diminishing ACSS2-mediated
autophagy may promote breast cancer growth [39]. In col-
orectal cancer, thymine–guanine-interacting factor inhibits
ACSS2, resulting in reduced acetyl-CoA production. How-
ever, cancer cells exhibit continued growth through the re-
programming of glucose transporter 1 (GLUT1) [40,41].

In obesity-associated myeloma, elevated ACSS2 ex-
pression shows a positive correlation with increased body
mass index. ACSS2 promotes the development of obesity-
inducedmyeloma by stabilizing interferon regulatory factor
4. Given its substantial role in cell metabolism and regula-
tion of gene expression, targeting the inhibition of ACSS2
expression may represent a promising strategy for cancer
treatment [42].

2.1.2 ACLY
ACLY, amultifunctional enzyme, not only participates

in the synthesis of acetyl-CoA but also plays a pivotal role
in cell signal transduction by modulating histone acety-
lation [43]. Functioning as a target for serine/threonine-
protein kinase (AKT), ACLY contributes to the conversion
of citric acid to acetyl-CoA, establishing a crucial link be-
tween glycolysis and lipid metabolism processes [44]. The
AKT/ACLY signaling pathway governs histone acetylation
in cancer cells, and inhibitingACLY results in citric acid ac-
cumulation, suppression of phosphofructokinase 1 (PFK1)
and PFK2 activities, thereby reducing glycolysis and in-
ducing apoptosis in cancer cells [45,46]. In the context of
cancer-related gene regulation, nutritional restriction, and
AKT metabolic recombination, the upregulation of AKT1
leads to increased phosphorylation and activation of ACLY,
consequently augmenting or sustaining acetyl-CoA produc-
tion [47]. Sirtuin 6 (SIRT6), on the other hand, dimin-
ishes nuclear ACLY activity and acetyl-CoA levels, im-
peding the histone acetylation process and inhibiting tumor
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Fig. 1. Coenzyme A (CoA) and cancer. Condition A delineates acetyl-CoA metabolism in cancer, while condition B describes other
CoA metabolism types in cancer. The solid arrow denotes the promotion process, whereas the blunt arrow signifies inhibition. The
metabolism of acetyl-CoA in cancer is intricately regulated by acyl-CoA short chain synthetase (ACSS), ATP citrate lyase (ACLY), and
acetyl-CoA carboxylase (ACC). These enzymes exert a profound influence on the metabolism of fatty acids (FAs), pyruvate, and other
lipids, as well as the tricarboxylic acid (TCA) cycle and histone acetylation—critical processes for cancer cell proliferation and survival.
Under conditions of hypoxia and nutrient restriction, cancer cells release hypoxia inducible factor (HIF), a pivotal regulator of acetyl-
CoA metabolism. Hypoxia inducible factor acts to foster the growth of cancer cells by modulating acetyl-CoA utilization. Additionally,
Hedgehog acyltransferase (Hhat), succinyl-CoA, and HMG-CoA play crucial roles in regulating other CoA metabolism pathways in
cancer cells. Notably, HMG-CoA serves as a precursor for mevalonate synthesis through 3-hydroxy-3-methylglutaryl (HMG) reductase.
The mevalonate pathway catalytically influences multiple cancer pathways, underscoring the significance of CoA metabolism in cancer
development and progression. ROS, Reactive Oxygen Species.

cell invasion [48]. However, within the apoptosis-inducing
family, caspase-10 cleaves ACLY, diminishing its activity
and reducing nuclear acetyl-CoA and lipid levels, and his-
tone acetylation, thereby preventing cancer onset [49]. The
overexpression of ACLY corresponds to increased and pro-
gressive lipid synthesis in various cancers [50–52].

In colorectal cancer, cancer-derived exosomal
HSPC111 phosphorylates ACLY, promoting cancer-
associated fibroblast-mediated lipid metabolism and
elevating acetyl-CoA levels, thereby enhancing liver
cancer cell metastasis [53]. In pancreatic cancer, the
acetyl-CoA generated by ACLY is utilized for histone
acetylation and mevalonate metabolism, fostering the
development of pancreatic ductal adenocarcinoma (PDAC)
[16]. Studies have demonstrated that the upregulation of
ACLY is associated with unfavorable outcomes in gastric

cancer, highlighting the feasibility of targeting ACLY for
treatment. ACSS2 is believed to function cooperatively
with ACLY, suggesting that simultaneous inhibition of
ACLY and ACSS2 could potentially hinder the progression
and treatment of gastric cancer [54]. Given its multifaceted
roles in cell metabolism, signaling, and gene regulation,
downregulating ACLY expression offers a promising
strategy to mitigate cancer risk across various cell types
[55].

2.1.3 ACC1

ACC1 enzymatically converts acetyl-CoA tomalonyl-
CoA, contributing to FA synthesis and regulating FAO,
thereby orchestrating glucose and fat metabolism [56,57].
ACC1 demonstrates elevated expression across numer-
ous cancer types [58]. In breast cancer, phosphoryla-
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tion of ACC1 leads to decreased lipid synthesis and el-
evated acetyl-CoA levels. This triggers increased his-
tone H3 acetylation, activating SMAD2-mediated acetyla-
tion, and promoting the epithelial-mesenchymal transition
(EMT), ultimately promoting cancer cell metastasis [59].
In prostate cancer, valproic acid inhibits ACC1 expres-
sion through the CCAAT enhancer-binding protein alpha
and sterol regulatory element-binding protein 1 (SREBP-
1) pathways, effectively curbing lipid accumulation and
inducing apoptosis [60,61]. In liver cancer, inhibition of
ACC1 or the use of ND-654 inhibitors effectively sup-
presses de novo lipogenesis (DNL), thereby impeding can-
cer cell growth [62]. Additionally, in pancreatic can-
cer, eicosapentaenoic acid reduces ACC1 expression and
ACC1-mediated DNL, leading to the inhibition of cell pro-
liferation and survival [63]. These significant findings
strongly underscore the crucial role of ACC1 in maintain-
ing cellular energy balance and overall metabolic regula-
tion. Targeting ACC1 expression levels can effectively re-
duce the proliferation of various cancer cell types.

2.1.4 Histone Acetylation

Histone acetylation constitutes an intricate biochemi-
cal process with a profound influence on cellular function
and gene expression regulation. First, it initiates structural
alterations in chromatin, facilitating a more open configu-
ration. This modification enhances DNA’s affinity for tran-
scription factors, thereby elevating gene transcriptional ac-
tivity and increasing gene expression [64]. Second, histone
acetylation plays a pivotal role in DNA repair and replica-
tion processes, contributing to the preservation of genomic
integrity. This is achieved by recruiting specific proteins
that collaborate with others, ensuring their effective func-
tioning across various stages of the cell cycle [65].

A positive correlation has been established between
the levels of acetyl-CoA and histone modification [66].
Acetyl-CoA synthesis is enhanced in the nucleus of can-
cer cells, where ACSS2 and ACLY facilitate the conversion
of acetate and citric acid into acetyl-CoA, thereby promot-
ing the process of histone acetylation [67]. The PDC ele-
vates the levels of acetyl-CoA in the nucleus, resulting in
increased acetylation of histones H2B, H3, and H4 [68]. In
prostate cancer, the mitochondrial PDC increases citric acid
levels for fat synthesis, while the nucleolar PDC enhances
acetyl-CoA levels, thus promoting the acetylation of his-
tone H3K9. This leads to increased expression of ACLY
and lipid synthesis, maintaining the progression of prostate
cancer [69].

Histone hyperacetylation emerges as a contributing
factor to DNA damage, demonstrating its potential as a cat-
alyst for liver cancer initiation. Within the liver cancer mi-
lieu, steatosis induces chromatin relaxation, enhances the
DNA damage marker γH2AX production, and disrupts the
production and conversion of acetyl-CoA [70,71]. Amidst
alterations in acetyl-CoA levels and histone acetylation dy-

namics, the downregulation of acyl-CoA thioesterase 12
precipitates increased acetyl-CoA levels. Simultaneously,
the presence of free FAs (FFAs) elevates the acetylation lev-
els of H3K9, H4K8, and H4K16. These molecular events
collectively contribute to the upregulation of twist family
basic helix–loop–helix transcription factor 2 expression, ul-
timately promoting the EMT, cancer cell metastasis, and
lipid accumulation [72,73].

Moreover, in PDAC, escalated acetyl-CoA levels
drive increased histone acetylation, thereby promoting can-
cer development [74]. In acute myeloid leukemia, AMP-
activated protein kinase (AMPK) plays a pivotal role in sta-
bilizing acetyl-CoA levels, ensuring the maintenance of hi-
stone acetylation, facilitating cell proliferation, and recruit-
ing bromodomain containing 4 onto chromatin [75]. In a
rat model of colon cancer, the intricate interplay between
dietary fat and cellulose elevates the acetylation level of hi-
stone H3, induces the expression of genes related to FAO,
and promotes tumor development [76]. These multifaceted
functions underscore the wide-reaching and pivotal role of
histone acetylation in the realms of cell biology and molec-
ular biology.

2.1.5 Fatty Acids

FAs serve diverse physiological functions. First, they
act as crucial energy storage molecules within living organ-
isms, adopting the form of triacylglycerol in adipose tis-
sue. This reservoir is subsequently catabolized to provide
energy as needed [77]. Second, FAs actively participate in
intracellular signal transduction and the synthesis of second
messengers, significantly contributing to the regulation of
cellular metabolism [78].

FAs play a pivotal role in tumor cells, contributing
to cell membrane biosynthesis and serving as a source of
metabolic energy under stress conditions [79]. FAs are ex-
clusively utilized through their combination with CoA to
form acyl-CoA through an activation step [54]. Subse-
quently, FAs undergo β-oxidation, generating acetyl-CoA,
which enters the TCA cycle and undergoes a condensation
reaction with oxaloacetic acid, resulting in the formation of
citric acid [80]. Within the mitochondrial matrix, acyl-CoA
is enzymatically converted to acetyl-CoA through the pro-
cess of FAO [81].

In breast cancer, the upregulation of FAO leads to ele-
vated acetyl-CoA levels, consequently promoting the acety-
lation of histone H3 and H3K27ac. This facilitates the ex-
pression of genes associated with the EMT, a critical pro-
cess in cancer progression [82]. In glioblastoma (GBM),
the downregulation of diacylglycerol O-acyltransferase 1
expression results in reduced lipid storage, enhanced FAO
of excess FAs, and subsequent accumulation of acetyl-CoA.
This cascade of events influences the level of reactive oxy-
gen species and induces cell apoptosis, ultimately inhibiting
GBM growth [83].
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2.1.6 Pyruvate
Pyruvate intricately participates in various physiolog-

ical processes in living organisms. First, it functions as
an energy storage molecule by participating in TCA cycle
within the mitochondria, thereby supplying energy to the
cell. Second, pyruvate serves as an intermediate product
in the TCA cycle, which is capable of further metabolism
to generate essential organic compounds including FAs and
cholesterol. These dual roles underscore the pivotal contri-
bution of pyruvate in sustaining cellular energy metabolism
and facilitating organic synthesis [84].

The PDC is located in the mitochondria and nuclei, fa-
cilitating the connection between glucose metabolism and
the TCA cycle for the synthesis of acetyl-CoA using pyru-
vate as a substrate [85]. Acetyl-CoA holds significant im-
portance in cancer metabolism [86,87]. The PDC activity
is regulated by pyruvate dehydrogenase kinase (PDK) and
acetyl-CoA acetyltransferase 1 (ACAT1). Phosphorylation
of PDK or acetylation of ACAT1 leads to PDC inhibition,
thereby enhancing the Warburg effect and promoting can-
cer growth [29]. Consequently, only a limited amount of
pyruvate enters the TCA cycle, resulting in reduced pro-
duction of acetyl-CoA within the mitochondria. Moreover,
the upregulation of PDK is closely associated with a poor
prognosis in cancer [88–90]. Therefore, pyruvate assumes a
distinctive and crucial role in linking aerobic and anaerobic
metabolism, serving as a central determinant for sustaining
cancer growth [91].

2.1.7 Hypoxia and Nutrient Restriction with Acetyl-CoA
Hypoxia plays a crucial role in influencing acetyl-CoA

metabolism in cancer, contributing to the survival and pro-
liferation of specific cancer cells while activating hypoxia
inducible factor (HIF) [92]. The upregulation of HIF-1α
escalates the expression of GLUT1, facilitating increased
glucose uptake and promoting its metabolic conversion to
pyruvate, followed by the synthesis of acetyl-CoA [93,94].
In conditions of hypoxia and nutrient restriction, there is el-
evation in mitochondrial PDK expression, leading to inac-
tivation of the PDC. Consequently, the synthesis of acetyl-
CoA by the PDC within the nucleus is of particular impor-
tance [95]. In response to hypoxia and low serum stim-
ulation, ACSS2 expression is induced due to nutrient de-
ficiency. This mechanism involves the translocation of
ACSS2 from the cytoplasm to the nucleus, resulting in an
elevated level of acetyl-CoA within the nucleus. This pro-
motes lipid synthesis, acetylation of autophagy genes, his-
tones, and transcription factor HIF-2α, enhancing erythro-
poiesis [96–98]. Highly expressed ACSS1/2 in cancer cells
utilize acetate to increase acetyl-CoA production while si-
multaneously regulating the level of FA synthetase (FAS)
to acetylate H3K9, H3K27, and H3K56, thereby enhancing
the survival of hypoxic tumors [99]. During periods of star-
vation or exercise, the liver generates acetyl-CoA through
extensive FAO, surpassing citric acid synthesis. This ex-

cess acetyl-CoA enters the TCA cycle, elevates ATP lev-
els, and is utilized for ketone body production [100–102].
Currently, aerobic and energy metabolism are considered
promising strategies for cancer prevention [103].

2.2 Other Types of CoA and Cancer

Acyl-CoA constitutes a category of metabolic inter-
mediates characterized by acyl groups forming thioester
bonds with CoA. These molecules play a pivotal role in fa-
cilitating acyl transfer within various metabolic processes
[104].

Hedgehog acetyltransferase (Hhat) has the capability
to attach non-palmitate FAs to a recombinant protein known
as sonic hedgehog (Shh), a crucial gene within the Hhat sig-
naling pathway. It has been suggested that heterogenous
fatty acylation may impact Shh signaling during develop-
ment and in cancer cells [105]. Aberrant re-expression and
signaling of Shh have been linked to cancer. In addition to
palmitic acid, the N-terminal segment of Shh features bind-
ing sites for myristate acid, palmitoleic acid, stearic acid,
oleic acid, and arachidonic acid [106–108].

Succinylation plays a significant role in cancer and in-
flammation. In instances where SIRT5 is absent or succinic
dehydrogenase malfunctions, the succinylation process
within the mitochondria is disrupted, resulting in succinic
acid accumulation. This, in turn, triggers an overabundance
of histone succinylation, disrupting the metabolic equilib-
rium and elevating the cancer risk [109]. The enzyme
alpha-ketoglutarate dehydrogenase (α-KGDH) within the
nucleus forms an association with lysine acetyltransferase
2A (KAT2A), which binds to succinyl-CoA, ultimately suc-
cinylating lysine 79 on histone H3. Inhibiting the nu-
clear entry of α-KGDH or suppressing KAT2A expres-
sion can diminish the expression of target genes, imped-
ing cancer growth [110]. Elevated levels of succinyl-CoA
have been observed in high-grade squamous intraepithelial
lesions, with succinate-CoA ligase ADP-forming subunit
beta (SUCLA2) identified as a driver of anoikis resistance
and metastasis. SUCLA2 decreases succinyl-CoA concen-
tration around glutaminase, thereby lowering succinyl-CoA
modification on glutaminase [111,112]. The carcinogenic
impact of HMG-CoA synthase 1 (HMGCS1) is evident
across various human cancers, with research highlighting
its increased expression in tumors such as digestive tract,
breast, and uterine cancers [113].

Mevalonic acid (MVA) is synthesized from
HMG-CoA through the action of HMG-CoA reductase
(HMGCR). The MVA pathway demonstrates increased
expression in leukemia, lymphoma, multiple myeloma,
breast cancer, liver cancer, pancreatic cancer, esophageal
cancer, and prostate cancer [114]. Consequently, inhibiting
MVA levels holds promise for potentially impeding cancer
growth. Statins, acting as inhibitors of HMGCR, intervene
in the MVA pathway, inhibiting the synthesis of choles-
terol, geranyl pyrophosphate, and farnesyl pyrophosphate.
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Early clinical studies have underscored the therapeutic
potential of statins in treating acute myeloid leukemia
[115]. In PDAC cells, there is activation of ketone body
metabolism, with β-hydroxybutyrate (β-HB) serving as
an intracellular or systemic fuel, thereby promoting the
growth and progression of PDAC. Disruption of HMG
CoA lyase (HMGCL) significantly retards the growth
of PDAC, resulting in β-HB stimulating its metastasis
and dissemination to the liver [116]. Future applications
may involve exploring other CoA metabolic pathways
for cancer treatment by preventing the proliferation of
cancerous cells (Fig. 1).

2.3 CoA and Cardiovascular Disease
CoA and its thioester derivatives play a significant role

in CVDs, exerting regulatory control over processes such as
FAO, ketogenic reactions, and cholesterol synthesis [117].
Globally, CVD stands out as the foremost and deadliest
health concern [118].

The key enzyme, HMG-CoA holds paramount signif-
icance in the regulation of CVDs. HMGCS2 and HMGCR,
in conjunction with acetyl-CoA, stearoyl-CoA desaturase
(SCD1), and fatty acyl-CoA synthetase, establish critical
connections to CVDs across various dimensions. The ex-
pression levels of these enzymes can differ across different
tissues of the human body [119]. The relationship between
CVD and CoA metabolism can be delineated across three
principal aspects: the liver, kidney, and the heart and car-
diovascular system.

2.3.1 Liver, Kidney and CoA Metabolism
The liver and kidneys are vital organs involved in hu-

man metabolism and detoxification, exerting an influence
on cardiovascular health through their metabolic and reg-
ulatory functions [120]. Impairment of liver function can
lead to cholesterol accumulation within the liver, contribut-
ing to cardiovascular ailments like hypercholesterolemia
and atherosclerosis. Anomalous renal function or kidney
disorders, including chronic kidney disease and kidney fail-
ure, exhibit a close association with CVD [121]. Moreover,
kidney ailments have the potential to instigate or exacer-
bate hypertension, thereby heightening the susceptibility to
atherosclerosis and CVDs [122].

The synthesis of ketone bodies intricately intersects
with the regulatory mechanisms of CVDs, mediated by
CoA [123]. HMGCS2, a rate-limiting enzyme located
in the mitochondria, orchestrates the synthesis of ketone
bodies by facilitating the production of HMG-CoA [124].
This enzyme is predominantly expressed in the mitochon-
drial matrix of the liver, actively participating in keto-
genesis, and supplying lipid-derived energy during fast-
ing [125,126]. In mammals, β-hydroxybutyrate (β-HB)
stands out as the principal ketone body, synthesized primar-
ily within the liver mitochondria and utilized by extrahep-
atic organs, notably the heart, thereby influencing cardiac

energy metabolism [127]. The synthesis pathway of ke-
tone bodies entails the entry of FFAs into the mitochondria,
β-oxidation to form acetoacetyl-CoA, subsequent forma-
tion of HMG-CoA through the catalysis of acetyl-CoA by
HMGCS2, and the ultimate conversion to b-hydroxybutyric
acid (b-HB) through the collaborative actions of HMGCL
and NADH [128]. A study conducted by Song et al.
[129] revealed that elevated levels of β-HB can induce ar-
rhythmias, contributing to the development of arrhythmic
cardiomyopathy (AC). Conversely, Al-zaid et al. [130]
discovered cardioprotective effects associated with β-HB.
Consequently, fluctuations in β-HB levels present both ad-
vantages and disadvantages in the context of CVDs. Inves-
tigating the specific mechanisms underlying these effects
represent a promising avenue for targeting CVDs in the fu-
ture (Fig. 2).

Chronic kidney disease precipitates elevated levels
of triglycerides (TGs) in the body, thereby fostering dys-
lipidemia and CVDs [131]. Within pyruvate metabolism,
ACC acts as a catalyst for converting acetyl-CoA, pro-
ducing malonyl-CoA, inhibiting FAO, and supplying sub-
strates for FA biosynthesis [132]. Both synthetic saturated
FAs andmonounsaturated FAs (MUFAs) become integrated
into diverse lipid species, including TGs and phospholipids
[133]. By diminishing the levels of synthetic substrates—
acetyl-CoA and malonyl-CoA—ACC inhibitors delay the
accumulation of lipids through DNL. Inhibiting ACC holds
promise for reducing liver malonyl-CoA levels, mitigating
lipid toxicity and bolstering FAO [134].

Stearoyl-CoA desaturase (SCD1) catalyzes the pro-
duction of MUFAs, exerting influence as an energy
metabolism regulator [135]. Dyslipidemia commonly ob-
served in chronic kidney disease patients manifests as ir-
regular levels of high-density lipoprotein cholesterol (HDL-
C) and TGs [136]. SCD1 localizes alongside diacyl-
glycerol acyltransferase 2 in the endoplasmic reticulum,
tightly regulating triacylglycerol (TAG) synthesis in the
liver [137]. Overexpression of SCD1 correlates with hy-
pertriglyceridemia and heightened susceptibility to cardio-
vascular complications [138]. Focused exploration into the
modulation of FAmetabolism governed by ACC and SCD1
could reveal a deeper comprehension of the onset and pro-
gression of dyslipidemia in chronic kidney disease and car-
diovascular disorders.

2.3.2 Heart and CoA Metabolism
Cardiac dysfunction is intricately linked to modifi-

cations in cardiac substrate and energy metabolism [139].
The heart, being an organ characterized by high energy de-
mands, heavily depends on CoA and its derivatives for the
metabolic processing of FAs [140]. Concurrently, serving
as the central hub of the cardiovascular system, the heart is
vulnerable to various CVDs, encompassing coronary heart
disease, cardiomyopathy, and heart failure [141].
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Fig. 2. Synthesis of Low-density lipoprotein cholesterol (LDL-C), β-hydroxybutyrate (β-HB), and fatty acids (FA). LDL-C serves
as a crucial marker for atherosclerotic cardiovascular disease (ASCVD), and its synthesis pathway involves acetyl-CoA, HMG-CoA, and
mevalonic acid (MVA), ultimately leading to the formation of LDL-C. β-HB is predominantly synthesized in the mitochondrial matrix
of the liver, subsequently entering the bloodstream for transport to various tissues and organs. Pyruvate enters the mitochondria and
undergoes conversion to acetyl-CoA, which, under the influence of acetyl-CoA carboxylase (ACC), is further transformed into malonyl-
CoA. Notably, malonyl-CoA exerts inhibitory effects on FA oxidation (FAO) while concurrently promoting the synthesis of fatty acid
synthase (FAS).

Within the context of FAO, CoA plays a crucial role
in converting FAs into energy. Genetic defects in CoA
biosynthesis disrupt proper FA metabolism, resulting in
the accumulation of related metabolites at the site of the
enzyme defect. Furthermore, this genetic aberration di-
minishes the substrate pool available for energy produc-
tion. The accumulation of metabolites, coupled with ensu-
ing energy deficiency, can adversely impact the functional-
ity of heart cells, culminating in the development of CVDs
including cardiomyopathy and arrhythmia [142]. Defi-
ciencies in mitochondrial trifunctional protein (MTP/TFP),
stemming from mutations in the hydroxyacyl-CoA dehy-
drogenase trifunctional multienzyme complex subunit al-
pha (HADHA) orHADHB genes responsible for critical pro-
teins in CoA biosynthesis, can impair FAO. This impair-
ment, in turn, affects the energy metabolism and function
of heart cells. However, the specific mechanistic intrica-
cies remain elusive, and to date, no established treatments
exist for MTP/TFP deficiency [143].

Medium chain acyl-CoA dehydrogenase (MCAD)
serves as a critical regulator of FAO in the heart. Genetic

defects in CoA biosynthesis may lead to abnormal expres-
sion of MCAD, impacting the energy metabolism and func-
tion of the heart. Patients with heart failure exhibit disrup-
tions in cardiac energy metabolism, prompting considera-
tion of addressing metabolic defects as a potential treat-
ment strategy. Consequently, utilizing the gene delivery
method targeting MCAD may help restore heart energy
metabolism, thereby safeguarding the heart from damage
associated with pathological remodeling [144]. However,
further research is needed to determine how genetic defects
affect CoA biosynthesis and contribute to the development
of CVD.

In the heart, elevated levels of non-histone acetylation
enhance FAO in conditions such as heart failure [145]. FA
β-oxidation refers to the degradation process of long-chain
FAs into acetyl-CoA within the mitochondria. This intri-
cate process relies on the activation of long-chain FAs out-
side the mitochondria by acyl-CoA synthetase and carnitine
palmitoyl transferase 1 (CPT1), followed by the transport of
acyl-CoA into the mitochondria [146]. An important regu-
latory point in FAO is the inhibition of CPT1 by malonyl-
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Fig. 3. Schematic illustration of CoA metabolism in neurodegenerative diseases. Cholesterol synthesis in neurons predominantly
occurs through the Kandutsch-Russell pathway, while in astrocytes, it primarily takes place via the Bloch pathway. Previously, acetyl-
CoA was sequentially converted to HMG-CoA, which was then transformed into mevalonate by the action of HMG-CoA reductase
(HMGCR), subsequently supplying lanosterol for cholesterol synthesis. In adult neurons, the main source of cholesterol is provided
by astrocytes, which supply it through the LDLR-related protein 1/LDLR in the form of apolipoproteins. Upon internalization, these
apolipoproteins undergo conversion to free cholesterol within the endosome/lysosome compartment. In cases of cholesterol excess,
intracellular esterification takes place, leading to the storage of cholesterol in lipid droplets. The stored cholesterol is then subject to
conversion into oxysterols, particularly 24(S)-hydroxycholesterol (24-OHC).

CoA, subsequently reducing the uptake of FAs by the mito-
chondria [147]. Enzymes involved in FA β-oxidation, in-
cluding fatty acyl CoA synthetase, CPT1, long chain acyl
CoA dehydrogenase (LCAD), and β-hydroxyl-CoA dehy-
drogenase (β-HAD), serve as critical targets of mitochon-
drial acetylation [148]. The acyl-CoA thioesterase (ACOT)

family is actively involved in FA activation and the degra-
dation of fat-derived acyl-CoA, generating FFAs and CoA
[149]. Acyl-CoA thioesterase 1 (ACOT1) has demon-
strated the ability to protect heart function during diabetes
and sepsis by modulating long-chain acyl-CoA (LCA) and
FA levels in the cytoplasm [150,151].
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Fig. 4. Lipid metabolism in cancer, CVDs, and neurodegenerative diseases (NDD). The activation of AMP-activated protein kinase
(AMPK) inhibits the activity of sterol regulatory element-binding protein (SREBP), resulting in a subsequent decrease in the expression
of two key enzymes involved in HMG-CoA biosynthesis, namely HMG-CoA reductase (HMGCR) and HMG-CoA synthase (HMGCS).
This negative regulation of FA and cholesterol synthesis ultimately impact the overall process of lipid metabolism in various diseases.

SIRT3 plays a crucial role as a mitochondrial deacety-
lase, and its activation holds the potential to restore mito-
chondrial metabolic homeostasis [152]. Acetyl-CoA acety-
lates mitochondrial proteins involved in FA beta oxidation,
such as LCAD and β-HAD, and SIRT3 regulates their activ-
ity by deacetylating these proteins [147]. The consumption
of a high-fat diet can reduce the expression of SIRT3, lead-
ing to increased lysine acetylation of cardiac mitochondrial
proteins and accelerated FAO [153,154]. Consequently,
the dysregulation of SIRT3-mediated acetylation of lysine
residues on mitochondrial protein may contribute to car-
diometabolic inflexibility in individuals with obesity or di-
abetes.

2.3.3 Cardiovascular System and CoA Metabolism
Serum cholesterol emerges as a crucial focal point for

CoA in the regulation of atherosclerotic CVD (ASCVD)
[155,156]. Acyl-CoA constitutes a significant element of
CoA derivatives. Elevated plasma levels of acyl-CoA bind-
ing protein (ACBP) are linked to increased susceptibility
to CVDs, displaying correlations with cardiovascular risk
factors such as total free cholesterol and TGs. Conversely,
ACBP levels exhibit a negative correlation with the pro-
tective HDL levels [157]. HDL is widely recognized as
a protective factor against CVD and serves as an indica-
tor for anti-atherosclerosis effects [158]. Globally, AS-
CVD stands out as the most prevalent and leading cause of
mortality among CVDs [159]. Abnormal blood lipid lev-

els, particularly elevated levels of low-density lipoprotein
cholesterol (LDL-C), represent a significant risk factor for
CVD and are considered a central aspect of ASCVD patho-
genesis (Fig. 2). CoA itself does not directly reduce choles-
terol levels. The majority of LDL-C is derived from the en-
zymatic activity of HMGCR, which catalyzes the conver-
sion of HMG-CoA into mevalonate, a crucial precursor in
cholesterol synthesis [160]. HMGCR serves as a typical tar-
get for statin medications, which competitively bind to the
active sites of HMGCR. This inhibition results in reduced
serum cholesterol levels, slowing down disease progression
[161].

In addition to HMGCR inhibitors, flavonoids have
demonstrated the ability to lower LDL-C levels [162]. They
promote the oxidative metabolism of FAs and cholesterol
by activating CoA and increasing the expression of fatty
acyl-CoA oxidase. In the presence of CoA or mercaptan
donors, hemoglobin converts ingested flavonoids into con-
jugates [163].

At lower doses, statins promote angiogenesis, whereas
higher doses inhibit protein isopentenylation as well as cell
and blood vessel development [161]. Xu et al. [164] dis-
covered that alpha-ketoisovaleric acid and propionyl-CoA,
metabolites of valine, strongly activate platelets, leading
to propionylation of propionin-3-propionylation and subse-
quent thrombosis.
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2.4 CoA and Neurodegenerative Diseases
Neurodegenerative diseases encompass a spectrum of

disorders leading to dysfunction within the nervous system,
including well-known conditions such as Alzheimer’s dis-
ease, Parkinson’s disease, Huntington’s disease, and amy-
otrophic lateral sclerosis. An overarching characteristic
shared by these diseases is the abnormal aggregation of pro-
teins in the cytoplasm or nucleus. The genetic foundations
of neurodegenerative diseases are diverse, involving both
inherited disorders resulting from rare genetic mutations
and the influences of common risk genes [165].

Among these conditions are pantothenate kinase-
related neurodegeneration (PKAN), CoA synthase protein-
associated neurodegeneration (CoPAN), protein lipoyla-
tion, and pyruvate dehydrogenase E2, four hereditary neu-
rodegenerative diseases. Each of these disorders is linked
to deficiencies in distinct metabolic processes within CoA
biosynthesis [166]. Two autosomal recessive neurodegen-
erative diseases stem from mutations in genes encoding en-
zymes in the CoA pathway. PKAN and CoPAN, repre-
senting the initial and final enzymes of the CoA biosynthe-
sis pathway related to neurodegenerative diseases, are part
of the heterogeneous group of neurodegenerative diseases
(neurodegeneration with brain iron accumulation) charac-
terized by iron deposition in the brain [167].

Genetic variations lead to dysfunction of the pan-
tothenate kinase 2 (PANK2) gene, resulting in reduced ac-
tivity of PANK2. This alteration indirectly impacts the ini-
tial step of CoA biosynthetic pathways, where pantothenic
acid is converted to 4′-phosphopantothenic acid. The aber-
rant function of PANK2 causes a decline in the phospho-
rylation of pantothenic acid to 4′-phosphopantothenic acid,
leading to the diminished concentration of CoA in vulner-
able tissues, including the brain [168]. In fibroblasts of
CoPAN patients, there is a notable reduction in CoA syn-
thetase (COASY) expression, accompanied by lower levels
of acetyl-CoA and total CoA. COASY, the gene encoding
the CoA synthetase, undergoes mutation, resulting in de-
creased CoA levels. This, in turn, influences intracellular
acetyl-CoA levels, leading to an abnormal autophagy pro-
cess [169].

Studies indicate that disruptions in cholesterol
metabolism may be linked to the onset and progression of
neurodegenerative diseases [170]. Intracellular cholesterol
levels are tightly regulated through four processes: de novo
synthesis, uptake, export, and storage [171]. Cholesterol
metabolism in the brain operates relatively independently
and primarily relies on the synthesis carried out by glial
cells and neurons themselves [172]. Cholesterol synthesis
takes place primarily in the endoplasmic reticulum and
involves the conversion of acetyl-CoA into HMG-CoA
through the activity of the irreversible rate-limiting enzyme
HMG-CoA synthetase. This step is followed by the action
of HMGCR, which converts HMG-CoA into mevalonate,
squalene, and lanosterol, constituting the mevalonate

pathway. In brain cholesterol synthesis, lanosterol is
involved through two pathways: the Bloch pathway in
astrocytes and the Kandutsch-Russel pathway in neurons
(Fig. 3). The synthesized cholesterol is stored as lipid
droplets and can be transported to plasma lipoproteins for
the production of other substances [173–175]. Notably,
adult neurons are less efficient at cholesterol synthesis
compared to astrocytes [176,177]. An imbalance in brain
cholesterol levels can contribute to the development of
neurodegenerative diseases, such as Alzheimer’s disease,
Parkinson’s disease, and Huntington’s disease [178,179].

3. Conclusion and Perspective
CoA plays a crucial role in regulating lipid

metabolism, influencing cellular energy status and
signal transmission. Numerous reports have underscored
the correlation between CoA-related lipid disorders and a
spectrum of diseases, including cancer, neurodegenerative
diseases, and CVDs [15,174,180]. The primary aspect of
lipid metabolism involves the synthesis and degradation
of FAs. During FA synthesis, cellular reactions involving
acetyl-CoA and malonyl-CoA lead to the formation of
long-chain FAs, such as palmitic acid [181]. This process
primarily takes place in the liver and adipose tissue,
contributing to the reduction of β-oxidation, as well as
the utilization and synthesis of endogenous storage forms
of neutral lipids, specifically TGs [182,183]. Conversely,
the degradation process mainly occurs in the mitochondria
through the FAO pathway, a pivotal player in sustaining
a balanced energy state within the body [184]. This
pathway catalyzes the conversion of long-chain FAs into
acetyl-CoA, ultimately generating energy through the TCA
cycle [185].

AMPK plays a multifaceted role in cell metabolism,
including lipid metabolism, which is implicated in cancer,
CVD, and neurodegenerative diseases (Fig. 4). AMPK or-
chestrates the regulation of FFA concentration by activating
FAO while concomitantly inhibiting lipolysis and fat syn-
thesis [186,187]. Within the FA metabolism, AMPK facil-
itates FA uptake and activates FAO by suppressing the de
novo synthesis of FAS, cholesterol, and TGs [188]. The
inhibition of FA synthesis by AMPK involves the modula-
tion of the phosphorylation of ACC and SREBP1c [189].
Notably, ACC1 is highly expressed in adipose tissue, regu-
lating the intracellular availability of acetyl-CoA involved
in FA synthesis to meet the material and energy require-
ments necessary for disease development [190]. The syn-
thesis of FAs is under the control of SREBPs, with SREBP1
primarily regulating FA synthesis and the expression of the
low density lipoprotein receptor (LDLR), while SREBP2
primarily regulates the expression of cholesterol biosynthe-
sis genes [191,192]. Additionally, AMPK inhibits choles-
terol synthesis by suppressing the phosphorylation of the
key enzyme HMGCR [193]. The benefits of statins stem
from their ability to inhibit HMGCR, subsequently upreg-
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ulating the cholesterol uptake gene, increasing expression
of the LDLR, and consequently reducing blood cholesterol
levels [194]. Additionally, the cytoplasmic enzyme ACLY,
highly expressed in adipose-synthesizing tissues, is posi-
tioned upstream of HMGCR [195]. ACLY is located up-
stream of ACC, and the acetyl-CoA produced by ACLY can
be utilized for the synthesis of cholesterol and FAs [196–
198]. Likewise, the utilization of the substrate N-acetyl-
aspartate by ACSS2 is strongly involved in acetyl-CoA pro-
duction in adipocytes. Importantly, this process is not lim-
ited to adipocytes and also occurs within the nervous sys-
tem [199–203]. However, inhibition of ACLY can suppress
cholesterol and FA synthesis while increasing the expres-
sion of LDLR in cells [204]. AMPK impacts TG synthesis
by inhibiting glycerol-3-phosphate acyltransferase, the en-
zyme responsible for catalyzing the initial step in TG syn-
thesis [205,206]. Acetyl-CoA is transported intracellularly
into mitochondria for β-oxidation by carnitine palmitoyl-
transferase 1 (CPT1). AMPK enhances CPT1 activity by
inhibiting the phosphorylation of ACC2, thereby elevating
FAO levels. ACC2, an enzyme located in the outer mem-
brane of mitochondria in close proximity to CPT1, effec-
tively impedes malonyl-CoA production [207].

In conclusion, this study underscores the significant
role of CoA and its derivatives in the pathogenesis and pro-
gression of various ailments such as cancer, CVDs, and
neurodegenerative diseases. Moreover, this study high-
lights the immense potential of targeting CoA-associated
processes for disease prevention and treatment.
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