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Abstract

Acyl-CoA synthetase long-chain family member 4 (ACSL4) is a key
enzyme that catalyzes the conjugation of long-chain fatty acids with
coenzyme A to form acyl-CoA, showing particularly high specificity
for polyunsaturated fatty acids. In recent years, ACSL4 has gained in-
creasing attention for its central role in various liver diseases, including
metabolic dysfunction-associated steatotic liver disease, liver fibrosis,
hepatocellular carcinoma, and ferroptosis. This article systematically
elaborates on the expression profiles and localization of ACSL4 in dif-
ferent liver cell types, as well as its multidimensional regulatory mech-
anisms in liver injury and the pathogenesis of related diseases. In addi-
tion, it explores the potential therapeutic prospects of targeting ACSLA4.
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Introduction

Liver diseases account for approximately 2 million deaths an-
nually, representing 4% of global mortality. The most common
etiologies include metabolic dysfunction-associated steatotic
liver disease (MASLD), alcoholic liver disease (ALD), drug-
induced liver injury (DILI), and viral hepatitis [1, 2]. Recent
systematic reviews indicate that the global average preva-
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lence of MASLD has risen to 30% and continues to increase,
with a parallel acceleration in the progression to metabolic
dysfunction-associated steatohepatitis (MASH) [3, 4]. DILI
is also a significant cause of acute liver injury, liver failure,
and transplantation; its incidence is on the rise, particularly in
the context of novel therapies, such as immune checkpoint in-
hibitors [5]. Viral hepatitis, especially hepatitis B virus (HBV)
and hepatitis C virus (HCV), contributes to about 1.3 million
deaths annually [2]. In addition, liver ischemia-reperfusion
injury (LIRI) remains an unavoidable and critical complica-
tion in transplantation and hepatic resection surgeries, signifi-
cantly impairing perioperative outcomes [6]. Although these
liver injuries vary in pathophysiology, clinical manifestations,
and therapeutic strategies, all can progress to fibrosis, cirrho-
sis, and even hepatocellular carcinoma (HCC), posing severe
threats to patient health and imposing substantial socioeco-
nomic burdens. Currently, effective treatments for many forms
of liver injury remain limited, partly due to incomplete under-
standing of their complex pathogenic mechanisms. This gap
represents a major clinical challenge.

Hepatocytes and non-parenchymal cells show diverse death
modalities, primarily including apoptosis, necrosis, and various
regulated cell death pathways, such as necroptosis, pyroptosis,
and ferroptosis [7, 8]. Recent studies have identified acyl-CoA
synthetase long-chain family member 4 (ACSL4) as a key posi-
tive regulator of ferroptosis [9, 10]. ACSL4 facilitates ferropto-
sis by catalyzing the activation of polyunsaturated fatty acids
(PUFAs), such as arachidonic acid (AA), and cooperating with
lysophosphatidylcholine acyltransferase 3 to esterify them into
oxidizable phosphatidylethanolamine (PUFA-PE), thereby pro-
viding lipid substrates for ferroptosis. Under conditions of glu-
tathione peroxidase 4 (GPX4) dysfunction and iron overload,
these lipids undergo extensive peroxidation, disrupting mem-
brane integrity and driving cell death [11]. Thus, ACSL4 deter-
mines cellular susceptibility to ferroptosis by modulating lipid
metabolism and plays a critical role in various liver diseases,
such as ALD, MASH, and HCC [12-14].

Furthermore, as a key regulator of lipid metabolism,
ACSL4 functions as a “gatekeeper” [15, 16]. Its core physi-
ological role involves activating long-chain free fatty acids
into fatty acyl-CoA, thus providing essential substrates for cel-
lular energy metabolism, membrane lipid synthesis, and signal
transduction. By participating in critical processes such as mi-
tochondrial B-oxidation, phospholipid remodeling, and steroid
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synthesis, ACSL4 plays a central role in maintaining hepatic
energy homeostasis and membrane structural integrity. This
extensive regulation of lipid metabolic pathways positions
ACSLA4 as a crucial factor in preserving hepatic lipid homeo-
stasis and defending against lipotoxic injury.

Against this background, this review aims to systemati-
cally summarize current research advances regarding the spe-
cific mechanisms of ACSL4 in liver injury induced by various
etiologies. We will provide an in-depth discussion of its role as
both a driver of liver injury progression and a potential thera-
peutic target with clinical significance. By integrating both
classical and cutting-edge high-quality research articles and
reviews in the field, we seek to provide a comprehensive per-
spective for further elucidating the complex roles of ACSL4 in
liver pathophysiology and offer theoretical foundations for de-
veloping novel ACSL4-targeted therapeutic strategies against
liver injury.

ACSL4 Gene, Protein Structure, and Enzymatic
Characteristics

Genomic architecture and splice isoforms of ACSL4

The ACSL4 gene is located on the human X chromosome at po-
sition Xq22.3-q23, spanning about 90 kb with multiple exons
and introns [17]. Early cDNA cloning and fluorescence in-situ
hybridization mapping studies revealed that this gene gener-
ates two major transcript variants through alternative splicing.
Variant 1 encodes a 670-amino acid protein, and variant 2 con-
tains an additional 41-amino acid insertion at the N-terminus,
resulting in a 711-amino acid protein [18, 19]. Notably, variant
2 shows nervous system-specific expression and uses its novel
hydrophobic N-terminal segment to mediate targeting to the
endoplasmic reticulum and lipid droplets [18].

Protein domain architecture and subcellular localization
signals

The ACSL4 polypeptide comprises about 670 residues (about
74.4 kDa) and can be structurally divided into five functional
domains, namely an NH,-terminal region, two luciferase-like
regions (LR1 and LR2), a linker domain, and a COOH-termi-
nal region, with the highly conserved LR2 and COOH-terminal
sequences forming the catalytic core responsible for substrate
cross-linking [20]. ACSL4 is widely distributed across multi-
ple subcellular structures, primarily localized in the endoplas-
mic reticulum, outer mitochondrial membrane, peroxisomal
membrane, and microsomal membrane [20-22]. Notably, it is
specifically enriched on the mitochondria-associated endoplas-
mic reticulum membrane (MAM), consistent with the central
role of this compartment in lipid metabolism. ACSL4 is report-
edly mainly localized in MAM and significantly contributes
to acyl-CoA synthetase activity in this region; for instance, N-
ethylmaleimide and troglitazone inhibit acyl-CoA synthetase
activity in the MAM by 47% and 45%, respectively [21, 23].
In addition, ACSLA4 is distributed in the endoplasmic reticulum

and peroxisomes, where it participates in lipid synthesis and is
essential for normal steroid hormone biosynthesis [24], while
also contributing to the maintenance of cell membrane fluidity
[25]. Beyond these compartments, ACSL4 has been detected
on the plasma membrane and in endosomes [20]; in addition to
its role in lipid synthesis, it can promote endometrial placental
formation by activating the B-oxidation pathway [26]. Post-
translational modifications (PTMs), such as phosphorylation,
may regulate the subcellular distribution of ACSL4, thus in-
fluencing its intracellular targeting and catalytic activity [17].
Functionally, ACSL4 restores fatty acid transport activity and
promotes triglyceride synthesis, and its expression is regulated
by nutritional status [23, 27]. Furthermore, variant 2 of ASCL4
can target the endoplasmic reticulum and the surface of intra-
cellular lipid droplets via an additional N-terminal hydropho-
bic segment, suggesting functional diversity in its participation
across lipid metabolic pathways under different cell types and
physiological states [28].

Enzymatic activity, substrate preference, and metabolic
regulation

ACSLA4, as the key rate-limiting enzyme in long-chain fatty
acid metabolism, catalyzes the conjugation of fatty acids with
CoA to form acyl-CoA, thus determining the metabolic fate of
fatty acids in downstream pathways [29]. Its most remarkable
enzymatic characteristic is the pronounced substrate prefer-
ence for PUFAs, particularly showing high selectivity toward
AA, eicosapentaenoic acid (EPA, 20:5n-3), and adrenic acid
(AdA) [30, 31]. Notably, the catalytic efficiency of ACSL4 for
AA is significantly higher than that for other PUFAs (e.g., li-
noleic acid) [32]. In addition, distinct Vmax variations are ob-
served among different PUFA substrates [28], suggesting po-
tential substrate “channeling” preferences and tissue-specific
functional specialization.

This unique substrate specificity establishes ACSL4 as
a central regulator in PUFA metabolic networks. Mechanis-
tically, ACSL4 preferentially activates AA and other PUFAs
into their CoA derivatives (e.g., AA-CoA), directly modulat-
ing inflammatory responses, cellular signaling, and ferroptosis
[33]. Intriguingly, AA, as the native substrate, induces ubiq-
uitin-mediated degradation of ACSL4, reducing its half-life
from aboutl17.3 h to 4.2 h in HepG2 cells through enhanced
proteasomal degradation (a substrate-driven feedback mecha-
nism for enzymatic homeostasis) [34]. During ferroptosis,
ACSL4-generated PUFA-CoA products are incorporated into
phospholipids, serving as substrates for lipid peroxidation cas-
cades that amplify membrane damage and drive cell death [35,
36]. Pathologically, hepatic ACSL4 is markedly upregulated
in MASLD, with expression levels correlating positively with
disease severity. ACSL4 inhibition restores mitochondrial res-
piration and B-oxidation capacity, thus ameliorating hepatic
steatosis [37]. These findings collectively unveil the dual regu-
latory mechanisms governing the enzymatic activity and pro-
tein stability of ACSL4 across physiological and pathological
contexts, providing a robust rationale for developing ACSL4-
targeted therapies against MASLD.
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Regulatory Networks of ACSL4

Recent studies have shown that ACSL4 expression and func-
tion are regulated at multiple levels: 1) transcriptionally by
nuclear receptors including peroxisome proliferator-activated
receptor delta (PPARS) and sterol regulatory element-binding
protein 2 (SREBP2) [38, 39]; 2) post-transcriptionally through
miRNA, circRNA, and N6-methyladenosine (m°A) modifica-
tions that modulate mRNA stability and translation efficiency
[40-42], post-translationally via ubiquitination and phospho-
rylation modifications that regulate protein stability and en-
zymatic activity [43, 44]. Meanwhile, substrates like AA and
metabolites like cyclic adenosine monophosphate (CAMP) can
feedback-regulate ACSL4 degradation and expression levels
[34, 45], collectively forming a multidimensional regulatory
network. These integrated mechanisms establish the pivotal
role of ACSL4 in mediating lipid metabolic reprogramming
and determining cellular fate during liver injury and other
pathological processes.

Transcriptional regulation
PPARS

Studies have shown that PPARS agonists significantly enhance
ACSLA4 transcriptional activity by directly activating its pro-
moter, resulting in increased expression of ACSL4 mRNA and
protein in hepatic tissues and HepG2 cells, along with mark-
edly elevated AA-CoA synthetase activity [39]. Mechanistical-
ly, PPAR&-mediated regulation of ACSL4 acts synergistically
with the upregulation of lysophosphatidylcholine acyltrans-
ferase 3, forming a coordinated pathway that contributes to he-
patic phospholipid remodeling and modulates plasma triglyc-
eride metabolism [46]. These findings elucidate the central
regulatory role of the PPAR3-ACSL4/lysophosphatidylcholine
acyltransferase 3 signaling axis in lipid metabolism and offer
novel mechanistic insights into how PPARS governs lipid met-
abolic networks by promoting arachidonoyl-CoA synthesis.

SREBP2

In HCC, SREBP2—a master transcription factor governing
cholesterol biosynthesis—directly binds to the ACSL4 promot-
er region, inducing its transcriptional upregulation. Concur-
rently, the protein kinase B (Akt) signaling pathway facilitates
ACSL4 packaging and secretion into extracellular vesicles via
phosphorylation, revealing a dual “transcriptional activation—
secretion enhancement” mechanism of the SREBP2/Akt axis
within the tumor microenvironment [38]. Notably, SREBP2
deficiency not only impairs cholesterol synthesis but also
downregulates sterol regulatory element-binding protein-1c
and related lipogenic genes [47], suggesting SREBP2 may in-
directly modulate ACSL4 function through global lipid meta-
bolic reprogramming, thus reinforcing its central role in lipid
homeostasis.

Additional transcriptional regulation: Besides PPARS and
SREBP?2, other transcriptional regulators contribute to ACSL4
control. In liver cancer, ACSL4 regulation involves the cAMP
and p38 mitogen-activated protein kinase (MAPK) pathways
[48]. Zinc finger E-box binding homeobox 2, an epithelial-
mesenchymal transition-inducing transcription factor, directly
activates ACSL4 expression by binding to its promoter, estab-
lishing a positive feedback loop [49].

Post-transcriptional regulation
microRNA

Multiple miRNAs directly or indirectly regulate ACSL4 ex-
pression, influencing tumor progression, ferroptosis, and met-
abolic processes. For instance, in triple-negative breast can-
cer, epigenetically silenced miR-449 family members enhance
chemotherapy sensitivity by downregulating ACSL4, exhibit-
ing the therapeutic potential of miRNA-mediated ACSL4 sup-
pression [40]. In HCC, the ZNF8-miR—552-5p axis suppresses
ACSL4 expression by targeting its 3'UTR, thus reducing fer-
roptosis susceptibility [50]. In addition, miR-424-5p and miR-
4291 directly inhibit ferroptosis by targeting ACSL4 [41, 51].

Beyond direct regulation, miRNAs may indirectly modu-
late ACSL4 through PPAR signaling pathways. For example,
miR-148a and miR-17-5p regulate milk fat synthesis by tar-
geting PPARA and PPARGCI1A [52], respectively, suggesting
that PPAR family members mediate indirect miRNA regula-
tion of ACSLA4.

circRNA

CircRNAs function as competitive endogenous RNAs to post-
transcriptionally regulate ACSL4 by sequestering miRNAs or
binding RNA-binding proteins, thus modulating ferroptosis, tu-
mor progression, and metabolic disorders in various diseases [53,
54]. In cervical cancer, circLMOI1 acts as a molecular sponge for
miR-4291 to relieve its suppression on ACSL4, thus promoting
ferroptosis and inhibiting tumor growth [41]. Similarly, down-
regulation of circSCN8A in non-small cell lung cancer enhances
miR-1290-mediated inhibition of ACSL4, inducing ferroptosis
and suppressing tumor proliferation and metastasis [55]. Fur-
thermore, in sepsis-associated acute lung injury, circEXOCS
stabilizes ACSL4 mRNA by interacting with polypyrimidine
tract-binding protein 1, thus exacerbating ferroptosis [56].

Although studies on direct circRNA regulation of ACSL4
in liver diseases are limited, circRNAs play significant roles
in non-proliferative chronic liver conditions (e.g., ALD, MA-
SLD, viral hepatitis, liver injury/regeneration, cirrhosis, and
autoimmune liver diseases) [54]. In HCC, circRNAs influ-
ence tumor proliferation, migration, and cell death resistance
through ceRNA mechanisms or interactions with RNA-bind-
ing proteins [57]. Given the pivotal roles of ACSL4 in lipid
metabolism and ferroptosis, further exploration of circRNA-
mediated regulatory mechanisms may reveal novel therapeutic
targets for liver diseases and cancer.
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M®A modification

MPA is the most abundant internal chemical modification in
eukaryotic mRNAs; it dynamically regulates gene expression
by influencing multiple stages of mRNA metabolism, such as
splicing, nuclear export, translation, and stability. This modifi-
cation is catalyzed by methyltransferase complexes and can be
reversibly removed by demethylases, reflecting its dynamical-
ly reversible nature. Recent studies have shown that m°A mod-
ification plays critical roles in various biological processes,
such as cell differentiation, immune response, and tumorigen-
esis. Its dysregulation is closely associated with multiple dis-
eases, making it a central focus in epitranscriptomics research
[58-61]. In HCC, multiomics analyses have revealed signifi-
cant associations of m°A modification with ferroptosis-related
gene expression, implicating its regulatory role in ferroptosis
susceptibility [62]. A mechanistic study revealed that IncRNA
CBSLR, through the m°A-YTH domain family protein 2
(YTHDEF2) axis, enhances the binding affinity of YTHDF2 to
mCA sites on CBS mRNA. This action promotes the degra-
dation of CBS mRNA, leading to a reduction in CBS protein
levels. This decrease subsequently diminishes ACSL4 protein
methylation, triggering polyubiquitination-mediated degrada-
tion and ultimately inhibiting ferroptosis in gastric cancer cells
[63]. Original studies have further delineated the direct modi-
fication of ACSL4 mRNA by m°A “writer” enzymes across
the following pathological contexts. In sepsis-associated acute
lung injury, methyltransferase-like 3-mediated m°A modifica-
tion enriches ACSL4 mRNA and enhances its stability via YTH
domain-containing 1-dependent pathways, thus promoting fer-
roptosis and tissue damage [42]. In thoracic aortic aneurysms,
methyltransferase-like 14 stabilizes ACSL4 transcripts by de-
positing m®A marks, which intensifies ferroptotic responses in
vascular smooth muscle cells and underscores the critical role
of m°A in vascular pathology [64]. Although current evidence
regarding direct m°A modification of ACSL4 mRNA in liver
injury remains limited, the multifaceted regulatory importance
of m®A in gene expression underscores the potential research
value of this field.

PTMs

PTMs are essential enzymatic regulatory mechanisms that
precisely modulate protein structure, stability, and functional
activity through covalent modifications. In addition, they serve
as central regulators in diverse biological processes and pro-
grammed cell death pathways, including ferroptosis [65, 66].

Ubiquitination

Ubiquitination is a crucial protein PTM that regulates substrate
degradation or functional modulation through covalent ubig-
uitin conjugation [67, 68]. This modification plays a central
regulatory role in the ACSL protein family, as exemplified by
multiple mechanistic studies. Coactivator-associated arginine
methyltransferase 1 (CARMI1)-mediated methylation at R339

facilitates the interaction between the E3 ubiquitin ligase ring
finger protein 25 and ACSL4, thus enhancing ACSL4 ubig-
uitination and subsequent degradation [69, 70].Conversely,
eukaryotic translation initiation factor 3 subunit F directly
interacts with ACSL4 to stabilize its protein levels via K48-
linked deubiquitination, promoting lipid biosynthesis and tu-
mor progression [44]. The IncRNA CBSLR promotes ACSL4
ubiquitination and degradation to inhibit ferroptosis [71], and
ACSLA4 stabilizes zinc finger E-box binding homeobox 2 by
inhibiting its ubiquitin-mediated degradation, consequently
promoting breast cancer progression [49]. These findings col-
lectively demonstrate that ACSL4 protein levels and functions
are precisely regulated by a dynamic ubiquitination—deubiquit-
ination equilibrium. Notably, the deubiquitinase ubiquitin-spe-
cific peptidase 29 stabilizes ACSL5 by removing K48-linked
ubiquitin chains, thus ameliorating MASLD progression [72],
further highlighting the broad significance of ubiquitin-based
regulation across the ACSL protein family.

Phosphorylation

Phosphorylation is another common PTM that alters protein
conformation and function by adding phosphate groups to spe-
cific amino acid residues [65, 67]. ACSL4 was the first identi-
fied hormone-dependent phosphoprotein, and its dimerization
enables phosphorylation by protein kinase A and protein ki-
nase C, directly regulating its enzymatic activity [43]. In HCC,
Akt-mediated phosphorylation of ACSL4 promotes its interac-
tion with annexin A2 and enhances its packaging into large
extracellular vesicles, thus influencing lipid reprogramming in
neighboring cells [38]. Conversely, the phosphatase phospho-
lysine phosphohistidine inorganic pyrophosphate phosphatase
suppresses Akt activity, reducing ACSL4 phosphorylation at
T624 and increasing cellular sensitivity to ferroptosis [73],
which highlights the critical role of dephosphorylation in
ACSLA4 regulation.

Furthermore, ACSL4 regulation may involve the p38
MAPK pathway, a classic kinase cascade whose core mecha-
nism relies on phosphorylation modifications [48, 74]. These
studies show that the phosphorylation status of ACSL4 not
only affects its enzymatic activity but also modulates protein—
protein interactions, subcellular localization, and secretion
processes, playing a pivotal role in lipid metabolism, tumor
progression, and ferroptosis.

Besides ubiquitination and phosphorylation, ACSL4 un-
dergoes various PTMs. For instance, histone acetyltransferase
1/sirtuin 3-mediated acetylation at K383 enhances its protein
stability by inhibiting f-box protein 10-mediated K48-linked
ubiquitination [75]. ACSL4 can be modified by O-GlcNAc
transferase on serine/threonine residues, with O-GIcNAcyla-
tion increasing its protein levels and promoting HCC cell
proliferation and anti-apoptotic activity [76]. The coactivator
CARMI mediates R339 methylation of ACSL4. This modi-
fication promotes the binding of ACSL4 to the E3 ubiquitin
ligase ring finger protein 25 and induces ubiquitination, which
inhibits ferroptosis; therefore, blocking CARM1 enhances fer-
roptosis sensitivity [70]. TRIM28-mediated SUMOylation of
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ACSLA4 regulates ferroptosis in neurons and cooperates with
ubiquitination and autophagy pathways [77]. ACSL4 can re-
portedly undergo lysine propionylation under high-glucose or
diabetic wound conditions, which promotes ferroptosis and
autophagy in keratinocytes and accelerates wound healing-re-
lated pathways [78]. KAT3B (p300/CBP)-mediated succinyla-
tion at K661 enhances ACSL4 protein stability and modulates
ferroptosis during cerebral ischemia—reperfusion injury [79].
These modifications precisely regulate the interactions, pro-
tein stability, and functions of ACSL4, participating in ferrop-
tosis and various biological processes through sophisticated
regulatory mechanisms (Fig. 1).

Expression Profile and Localization of ACSL4
in Hepatic Cell Types

ACSLA4 is expressed across multiple hepatic cell types, includ-
ing hepatocytes, hepatic stellate cells (HSCs), Kupffer cells
(KCs), and liver sinusoidal endothelial cells. Its subcellular
localization is primarily observed in the mitochondrial matrix,
endoplasmic reticulum membrane, and peroxisomal mem-
brane. The cell type-specific expression levels and functional
specialization of ACSL4 collectively form a sophisticated
regulatory network that governs its diverse roles in both physi-
ological and pathological processes in the liver.

Expression and function in liver parenchymal cells

Hepatocytes, the primary functional cells of the liver, perform
essential physiological functions, such as substance metabo-
lism, biotransformation, and bile secretion. ACSL4 is constitu-
tively expressed in hepatocytes, with both its expression levels
and enzymatic activity being precisely regulated by nutritional
status, hormonal levels, and pathological factors.

Under physiological conditions, ACSL4 participates in
hepatic lipid metabolism by specifically catalyzing the esteri-
fication of long-chain PUFAs, such as AA and AdA, which in-
corporate them into membrane phospholipids and triglycerides
[17, 80]. This process is essential for maintaining cell mem-
brane fluidity, signal transduction, and energy storage.

Under pathological conditions like MASLD and its pro-
gressive form MASH, ACSL4 expression is often significantly
upregulated [81]. Upregulated ACSL4 reportedly promotes the
incorporation of PUFAs (particularly AA) into phosphatidyle-
thanolamine, thus increasing the susceptibility of cellular mem-
branes to lipid peroxidation and serving as a key driver of fer-
roptosis [81-83]. In liver tissues from MASLD/MASH patients
and high-fat diet-induced animal models, elevated ACSL4
expression in hepatocytes was found to be strongly correlated
with increased levels of ferroptosis markers and the degree of
liver injury [37]. For example, one study revealed that hepato-
cyte-specific ACSL4 knockout significantly alleviated hepatic
steatosis, inflammation, and ferroptosis in methionine—choline-
deficient diet-induced MASH mouse models [84]. Furthermore,
ACSL4 may exacerbate oxidative stress damage in hepatocytes
by impairing mitochondrial function and promoting reactive

oxygen species (ROS) production [85]. Emerging evidence
suggests that ACSL4-mediated lipid reprogramming not only
drives ferroptosis but also engages in crosstalk with other cell
death pathways (e.g., apoptosis, necroptosis) to collectively
exacerbate liver injury [33]. Notably, ACSL4 upregulation is
reportedly also associated with HCC progression, potentially
through mechanisms involving extracellular vesicle-mediated
ACSLA4 transfer to adjacent hepatocytes to induce senescence,
or via p21-activated kinase 2 gene activation to promote HCC
development [38, 86]. Consequently, pathological overexpres-
sion and activation of ACSL4 in hepatocytes is a critical patho-
physiological mechanism underlying various liver injuries
(including MASLD/MASH, DILI, and LIRI), making ACSL4
inhibition a promising therapeutic strategy for MASLD/MASH
treatment [84, 87].

Expression in HSCs and fibrosis-related functions

HSCs are the primary extracellular matrix-producing cells in
the liver [88]. Under normal physiological conditions, they
remain in a quiescent state and store vitamin A. Upon persis-
tent liver injury, HSCs become activated and transform into
myofibroblast-like cells, which excessively synthesize and
secrete extracellular matrix components, such as collagen,
leading to the initiation and progression of liver fibrosis [88,
89]. ACSL4 expression is relatively low in quiescent HSCs
but significantly upregulated in activated HSCs [90]. Phar-
macological or genetic enhancement of the ACSL4-mediated
ferroptosis pathway can reportedly selectively eliminate ac-
tivated HSCs, thus alleviating liver fibrosis. The underlying
mechanisms involve the following pathways. Baicalin inhibits
HSC activation through the miR-3595/ACSL4 axis to exert
anti-fibrotic effects [91]; YTHDF2 regulates ACSL4 expres-
sion in an m®A-dependent manner to influence HSC ferropto-
sis and liver fibrosis progression [92]; finally, ginsenoside Rg3
reduces ACSL4 methylation through the miR-6945-3p/DNA
methyltransferase 3 beta pathway to promote HSC ferroptosis
and attenuate liver fibrosis [93]. However, the specific role of
ACSL4 in HSCs and its net effect on liver fibrosis may depend
on the disease stage, microenvironment complexity, and inter-
actions with other signaling pathways. Targeted modulation of
ACSL4 activity or ACSL4-mediated ferroptosis in HSCs pro-
vides novel therapeutic strategies for liver fibrosis treatment.

Expression in KCs and inflammatory regulation

KCs, the liver-resident macrophages, are the first line of de-
fense in the hepatic immune system. They play pivotal roles
in pathogen recognition, clearance of necrotic cell debris,
and inflammation regulation [94, 95]. KCs show remarkable
heterogeneity and are distinguishable by their origins (e.g.,
embryo-derived resident KCs vs. monocyte-derived KCs) and
activation states (e.g., classical M1 pro-inflammatory pheno-
type vs. alternatively activated M2 anti-inflammatory/repair
phenotype) [95, 96].

ACSLA4, a key enzyme regulating lipid metabolic repro-
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Figure 1. ACSL4 expression and function are subject to sophisticated, multi-layered regulation. At the transcriptional level, fac-
tors including PPARS, SREBP2, and ZEB2 directly govern its gene expression. Post-transcriptionally, mRNA stability is enhanced
by méA modification (catalyzed by METTL3/14 complex) and RNA-binding proteins such as PTBP1, while non-coding RNAs
(e.g., miR-4291 and circLMO1) exert regulatory effects through the ceRNA mechanism. At the post-translational level, ACSL4
protein activity is modulated by various modifications: ubiquitination (mediated by the CARM1/RNF25 complex and IncRNAs,
such as CBSLR) and deubiquitination (e.g., elF3f) regulate its stability; phosphorylation (e.g., Akt/PKA and LHPP) controls its
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tions. These integrated regulatory mechanisms collectively determine ACSL4’s biological roles in lipid metabolic reprogramming,
ferroptosis, and tumor progression. ACSL4: acyl-CoA synthetase long-chain family member 4; PPARS: peroxisome proliferator-
activated receptor delta; SREBP2: sterol regulatory element-binding protein 2; ZEB2: zinc finger E-box binding homeobox 2;
mPA: N6-methyladenosine; METTL3/14:methyltransferase-like 3/14; PTBP1: polypyrimidine tract-binding protein 1; Akt: protein
kinase B; PKA: protein kinase A; LHPP: phospholysine phosphohistidine inorganic pyrophosphate phosphatase; elF3f: eukary-
otic translation initiation factor 3 subunit F; AA: arachidonic acid; cAMP: cyclic adenosine monophosphate; CARM1: coactivator-
associated arginine methyltransferase 1; RNF25: ring finger protein 25.
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gramming, specifically catalyzes the CoA esterification of
PUFAs like AA. These activated PUFAs are subsequently
incorporated into membrane phospholipids, and they provide
essential substrates for downstream cyclooxygenase/lipoxy-
genase pathways to generate pro-inflammatory eicosanoids
like prostaglandin e, and leukotriene b, [33, 97]. In myeloid-
specific Acsl4 knockout mice, resident macrophages showed
reduced synthesis of AA-derived lipid mediators and down-
regulated mRNA expression of pro-inflammatory factors
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such as 116 and Nos2 [97]. Thus, evidence shows that ACSL4
promotes KC polarization toward M1-like pro-inflammatory
phenotypes through lipid metabolic reprogramming, thus ex-
acerbating hepatic inflammatory injury. In addition, ACSL4
may regulate KC functions via ferroptosis pathways. In KCs,
ACSL4-mediated ferroptosis can trigger the release of pro-in-
flammatory damage-associated molecular patterns (e.g., high
mobility group box 1), which exacerbate liver inflammation
and injury in malaria models with hemozoin accumulation [98,
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Figure 2. ACSL4 displays distinct expression levels and functions across different liver cell types, localizing to mitochondria,
endoplasmic reticulum, and peroxisomes. In hepatocytes, upregulated ACSL4 expression promotes lipid peroxidation, thereby
inducing ferroptosis, exacerbating oxidative stress, and driving HCC development. In Kupffer cells, ACSL4 catalyzes the esteri-
fication of PUFAs to provide substrates for the synthesis of pro-inflammatory mediators (e.g., PGE2 and LTB4) to promote M1
polarization, while also inducing ferroptosis and the release of DAMPs such as HMGB1. In HSCs, ACSL4 is significantly upregu-
lated during activation, and inducing ferroptosis to clear activated HSCs can alleviate liver fibrosis. Within the holistic liver mi-
croenvironment, ACSL4 coordinately regulates lipid metabolism, inflammatory responses, and cell fate decisions. ACSL4: acyl-
CoA synthetase long-chain family member 4; AA: arachidonic acid; AdA: adrenic acid; DAMPs: damage-associated molecular
patterns; HCC: hepatocellular carcinoma; HSCs: hepatic stellate cells; MASLD: metabolic dysfunction-associated steatotic liver
disease; PUFAs: polyunsaturated fatty acids; PGE2: prostaglandin E2; LTB4: leukotriene B4; HMGB1: high-mobility group box 1.

99]. Similarly, in systemic sclerosis models, ACSL4-induced
KC ferroptosis promotes fibrotic progression [100]. However,
the role of ferroptosis is highly context-dependent as scaven-
ger receptor B class I-enriched exosomes alleviate excessive
inflammation by inducing M1 macrophage ferroptosis in tu-
mor microenvironments [101].

These findings suggest that ACSL4 jointly influences KC
inflammatory phenotypes through two pathways, namely lipid
metabolic reprogramming and ferroptosis regulation. Selec-
tive targeting of these pathways according to specific disease
contexts may emerge as a novel therapeutic strategy for liver
inflammation-related disorders (Fig. 2).

Specific Roles of ACSL4 in Various Types of
Liver Injury

MASLD/MASH

ACSL4 plays multifaceted regulatory roles in the pathologi-
cal progression of MASLD/MASH, wherein its aberrant ex-
pression and activity drive disease progression by promoting
hepatic lipid accumulation, lipotoxic injury, inflammatory re-
sponses, and fibrosis. ACSL4 expression is reportedly signifi-
cantly elevated in the livers of MASLD/MASH patients, and
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it activates ferroptosis through the c-Myc—ACSL4 pathway to
accelerate disease deterioration [102]. The ACSL4-mediated
activation of PUFAs is a key molecular mechanism—its cat-
alyzed acyl-CoA products are incorporated into membrane
phospholipids, becoming substrates for lipid peroxidation
that directly trigger ferroptosis [28]. Regarding hepatic lipid
accumulation, the selective ACSL4 inhibitor abemaciclib
reduces lipid accumulation by enhancing mitochondrial res-
piration and fatty acid B-oxidation [37]. Conversely, ACSL4
knockout alleviates MASLD progression by downregulating
the p38 MAPK/ GPX4 pathway to reduce lipid peroxidation
[103]. In terms of lipotoxicity, upregulated ACSL4 in arsenic
exposure and other MASH models promotes 5-hydroxyeico-
satetraenoic acid (5-HETE) synthesis to exacerbate lipotoxic
injury, whereas ACSL4 inhibition significantly mitigates this
process [104]. Notably, the effects of ACSL4 on inflamma-
tion and fibrosis exhibit context-dependent characteristics. For
instance, some studies found that hepatocyte-specific ACSL4
deletion showed no significant impact on MASLD progression
in choline-deficient high-fat diet or Western diet models [105],
whereas in perfluorooctane sulfonate-induced MASH models,
ACSL4 markedly promoted liver injury and inflammatory re-
sponses by activating ferroptosis pathways [106]. These find-
ings not only elucidate the central role of ACSL4 in MASH
but also provide theoretical foundations for developing novel
therapeutic approaches.
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ALD

Ethanol metabolism generates ROS through the cyto-
chromeP450 2E1-microsomal ethanol oxidizing system and
upregulates transferrin receptor 1/ferritinophagy, leading to
hepatic iron overload that synergistically drives ferroptosis
[107-110]. As a key executor of ferroptosis, the activity and
expression of ACSL4 are positively regulated by lipid peroxi-
dation products, forming a vicious cycle. Studies show sig-
nificantly elevated ACSL4 protein levels in the Gao-binge
alcohol model [111], whereas the ferroptosis inhibitor ferro-
statin-1 or selenium supplementation alleviates liver injury
by downregulating ACSL4 and upregulating GPX4/solute
carrier family 7 member 11 [112]. Notably, ferrostatin-1 ex-
erts superior protective effects compared to other inhibitors
in vitro, further confirming the central role of ferroptosis in
ALD [111]. Mechanistically, alcohol-induced ROS accumula-
tion and PUFA peroxidation depend on the catalytic activity of
ACSLA4, with its knockout or inhibition significantly reducing
lipid peroxidation and cell death [113]. In addition, caveolin-1
modulates ferroptosis through the ACSL4/GPX4/solute carrier
family 7 member 11 pathway, an effect reversible by the fer-
roptosis agonist erastin [114]. These findings establish ACSL4
as a novel therapeutic target for ALD and provide new clinical
intervention strategies.

DILI

Multiple forms of DILI can exert their effects through the
ACSL4-mediated ferroptosis pathway. In an acetaminophen
(APAP) overdose-induced mouse model of acute liver failure,
it was reported that n-6 polyunsaturated fatty acid radical oxi-
dation drives ferroptosis through ACSL4-mediated lipid per-
oxidation, representing a key mechanism of APAP hepatotox-
icity [115]. Activation of the nuclear factor erythroid-2-related
factor 2 signaling can suppress ferroptosis and thus alleviate
APAP-induced liver injury, a mechanism that may partially
depend on the downregulation of ACSL4 expression and inhi-
bition of lipid peroxidation [116]. Furthermore, studies report
that anti-tuberculosis drugs significantly elevate ACSL4 levels
both in vivo and in vitro, accompanied by Fe?" accumulation
and increased lipid peroxidation; conversely, the ferroptosis in-
hibitor ferrostatin-1 effectively reverses this process and miti-
gates liver injury [117]. These findings collectively indicate
that ACSL4 is a critical mediator of hepatotoxicity induced by
various drugs, and targeting this pathway holds promise as a
novel strategy for the prevention and treatment of DILI.

LIRI

In LIRI, ferroptosis is significantly activated, characterized
by increased malondialdehyde, Fe?", ROS, and glutathione
depletion [118]. In fatty liver I/R models, ACSL4 and 4-hy-
droxynonenal (4-HNE) levels are markedly elevated, where-
as the ferroptosis inhibitor liproxstatin-1 can mitigate injury
by downregulating ACSL4 [119]. Furthermore, glycoprotein

78 deficiency significantly alleviates I/R injury by suppress-
ing ACSL4-dependent ferroptosis [120], further confirming
ACSL4 as a key regulatory target in I/R-associated ferroptosis.

Viral hepatitis and liver fibrosis/cirrhosis

During the progression of viral hepatitis (hepatitis A virus
(HAV)/HBV/HCV), ACSL4-mediated ferroptosis contributes
to hepatic injury. This process occurs through mitochondrial
dysfunction and lipid peroxidation, with its mechanisms close-
ly linked to iron metabolism disorders (e.g., hepcidin/ferritin
dysregulation) [118]. In the dynamic evolution of liver fibrosis,
ACSL4 shows dual regulatory characteristics. The m°A reader
protein YTHDF2 promotes ACSL4 translation by recognizing
mCA modifications on ACSL4 mRNA, increasing ACSL4 pro-
tein expression, and inducing HSC ferroptosis to exacerbate fi-
brotic progression [92]. Conversely, ginsenoside Rg3 reduces
ACSL4 methylation via miR-6945-3p-mediated DNA methyl-
transferase 3 beta inhibition, restoring ACSL4 expression and
inducing HSC ferroptosis to alleviate fibrosis [93]. Traditional
Chinese medicine interventions (e.g., Taohong Siwu Decoc-
tion) can mitigate fibrosis by regulating ACSL4-dependent li-
pid metabolism and mitophagy [121], suggesting that targeting
ACSLA4-regulated ferroptosis is a novel anti-fibrotic strategy,
which allows for simultaneously eliminating activated HSCs
while blocking chronic inflammation—fibrosis transition by
improving iron overload and oxidative stress microenviron-
ments.

HCC

In HCC, ACSL4 shows complex “double-edged sword” char-
acteristics, with its mechanisms of action closely tied to the
tumor microenvironment. Studies show that ACSL4 repro-
grams lipid metabolism through the c-Myc/SREBP1 pathway,
promoting triglyceride accumulation and tumor proliferation/
invasion, which significantly correlates with poor patient
prognosis [122]. However, ACSL4 is also a key mediator of
sorafenib-induced ferroptosis; sorafenib triggers ferroptosis in
HCC cells via ACSL4-dependent lipid peroxidation and glu-
tathione depletion, with ACSL4 expression levels predicting
drug sensitivity [ 123, 124]. Artemether synergistically enhanc-
es this effect when combined with sorafenib [125].

Regarding drug resistance mechanisms, the ZNF8-miR-
552-5p axis suppresses ACSL4 expression by targeting its
3'UTR and thus reducing HCC cell susceptibility to ferrop-
tosis [50]. Similarly, the ferroptosis inducer erastin increases
lipid peroxidation products (e.g., malondialdehyde) and inhib-
its proliferation by downregulating ACSL4 expression [126].
Pancreatic cancer models also show that ADP-ribosylation
factor 6 knockdown upregulates ACSL4, which significantly
enhances RAS-selective lethal 3-induced lipid peroxidation
and cell death while reversing gemcitabine resistance [127].
Furthermore, ACSL4 regulates intercellular interactions with-
in the HCC microenvironment. HCC-derived exosomal miR-
142-3p induces M1 macrophage ferroptosis by targeting solute
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carrier family 3 member 2. This promotes tumor proliferation,
migration, and invasion, effects that are reversible by miR-
142-3p knockdown or solute carrier family 3 member 2 over-
expression [128].

These findings suggest that precision therapeutic strate-
gies targeting ACSL4 require context-specific design: either
inhibiting its pro-tumor functions or selectively activating its
pro-ferroptotic effects, offering novel approaches for HCC
treatment.

ACSL4-Targeted Interventions and Therapeutic
Strategies

ACSLA4, a key enzyme in the execution of ferroptosis, has
emerged as an attractive therapeutic target because of its cen-
tral role in various liver injuries. Current intervention strate-
gies primarily focus on the development of small-molecule
inhibitors, genetic-level regulation, and combination therapies.

Small-molecule inhibitors and drug screening

Duan et al first reported that low-dose abemaciclib could spe-
cifically inhibit ACSL4 activity, which reduced lipid peroxida-
tion and fat accumulation and thus ameliorated liver inflam-
mation and fibrosis in MASLD mouse models [37]. Similarly,
thiazolidinedione drugs like rosiglitazone suppress ACSL4 in
a PPARy-independent manner, regulate fatty acid metabolism,
and mitigate arsenic-induced MASH and ferroptosis by lower-
ing 5-HETE levels [129, 130]. In addition, the small-molecule
candidate AS reportedly directly binds ACSL4 at Gln464 to
inhibit its catalytic function, with its nanoformulation showing
broad-spectrum anti-ferroptosis effects in both renal ischemia—
reperfusion and acute liver injury models [131]. Conversely,
while the pan-ACSL inhibitor triacsin C effectively inhibits
triacylglycerol synthesis in hepatocytes and macrophages, it
also triggers mitochondrial stress and apoptosis; this highlights
the safety and efficacy advantages of ACSL4-specific inhibi-
tors [132]. These findings provide multi-layered theoretical
foundations and candidate molecules for developing novel
ACSL4-targeted therapies.

Genetic knockout/knockdown and siRNA strategies

Recent studies have shown that ACSL4-targeted genetic knock-
out or RNA interference techniques exert multiple biological
effects through distinct mechanisms. In liver disease models,
ACSLA4 deficiency significantly attenuates hepatic fibrosis and
cell proliferation by suppressing ferroptosis, thus delaying
HCC progression [133]. In arsenic-induced MASH models,
ACSL4 siRNA inhibits ferroptosis by reducing 5-HETE levels
[104]. Metabolic studies reveal that adipocyte-specific ACSL4
knockout ameliorates obesity-related metabolic disorders and
enhances energy metabolism by decreasing AA incorporation
into phospholipids and 4-HNE generation [87]. Conversely,
liver-specific ACSL4 deletion reduces VLDL-TG secretion

but causes lysophospholipid accumulation and insulin resist-
ance [46]. Notably, ACSL4 deficiency shows no significant
metabolic improvements in choline-deficient high-fat diet or
Western diet-induced MASLD models, suggesting that its ef-
fects may be regulated by dietary and microbial factors [105].
These findings suggest that the regulatory roles of ACSL4
have marked tissue specificity and pathological context-de-
pendence, providing crucial theoretical foundations for devel-
oping targeted therapeutic strategies.

Combination therapies: synergistic strategies with anti-
oxidants and autophagy modulators

Studies show that in diabetic liver injury, palmitic acid in-
duces hepatic damage through ACSL4-dependent ferroptosis
and autophagy inhibition. Notably, autophagy modulators (3-
MA/rapamycin) regulate ferroptosis sensitivity by mediating
lysosomal degradation of ACSL4 [134]. The threonine-protein
kinase 1 inhibitors KW-2449 and necrostatin-1 both suppress
ferroptosis by inhibiting UNC-51-like kinase 1-dependent
autophagy [135]. Further research reveals that ferritinophagy
modulation effectively reduces ACSL4-mediated lipid peroxi-
dation damage [136]. In the treatment of hepatic and intesti-
nal ischemia—reperfusion injury, the lipid antioxidant liprox-
statin-1 significantly lowers alanine aminotransferase (ALT)/
aspartate aminotransferase (AST) levels and lipid peroxidation
products (e.g., 4-HNE); it achieves this by inhibiting the AC-
SL4-dependent ferroptosis pathway [119, 137]. These findings
support an innovative multi-target combination strategy: syn-
ergistically targeting ACSL4 (specific inhibitors), modulating
the ferritinophagy pathway, and applying lipid antioxidants.
This comprehensive approach can regulate iron metabolism,
lipid peroxidation, and autophagy. Ultimately, this combined
strategy offers novel therapeutic insights and intervention tar-
gets for various liver diseases, including diabetic hepatopathy
and fatty liver-associated injury.

Clinical research and transformation strategy

To our knowledge, although no direct ACSL4 inhibitors have
yet entered clinical trials for liver diseases, drugs that indi-
rectly modulate its expression or ferroptosis processes (e.g.,
thiazolidinediones) have shown therapeutic efficacy in spe-
cific hepatic disorders [129, 130]. Current challenges include
developing highly specific and low-toxicity ACSL4 inhibi-
tors/modulators, achieving liver-targeted delivery to reduce
systemic toxicity, and establishing personalized treatments
based on a patient’s ACSL4 expression and iron metabolism
status. Concurrently, in-depth elucidation of the role and
regulatory networks of ACSL4 across different liver injury
stages will inform precision intervention strategies. Regard-
ing translational opportunities, high ACSL4 expression in
HCC patients shows significant correlation with sorafenib
treatment response rates (66.7% vs. 23.5%), suggesting its
potential as a therapeutic sensitivity biomarker [124]. Mul-
ticenter cohort studies further confirm that ACSL4 overex-

Articles © The authors | Journal compilation © Gastroenterol Res and Elmer Press Inc™ | = https:/gr.elmerpub.com 9



ACSL4 in Liver Injury

Gastroenterol Res.2026;19(1):1-17

pression is an independent risk factor for poor HCC progno-
sis (hazard ratio (HR) = 4.23, 95% confidence interval (CI),
1.19-15.04) and is significantly associated with post-TACE
recurrence risk, highlighting its clinical value for prognostic
stratification [138, 139].

Against this backdrop, the specific ACSL4 inhibitor
PRGLA493 shows potential therapeutic value across multiple
disease contexts. By inhibiting ACSL4 activity and blocking
the conversion of AA to AA-CoA, PRGL493 has shown effi-
cacy in diverse disease models, including suppression of tumor
growth, reduction of steroid hormone synthesis, reversal of tu-
mor drug resistance, and attenuation of pathological progres-
sion in conditions such as breast cancer [140, 141], pulmonary
fibrosis [142], endometriosis [143], severe acute pancreatitis
[144], and HCC [145]. In liver-specific studies, PRGL493 has
been shown to mitigate lipid peroxidation and oxidative dam-
age induced by tumor necrosis factor-a and palmitic acid fol-
lowing extensive hepatectomy, thereby alleviating liver injury
and improving survival rates [146]. These findings further sup-
port the feasibility of incorporating ACSL4 inhibitors into the
aforementioned multi-target therapeutic strategy. However,
current research on PRGL493 remains limited to the preclini-
cal stage, and its clinical translation requires further explora-
tion to validate the safety and efficacy of this multi-target com-
bination strategy.

Conclusions

ACSL4 has emerged as a key lipid-metabolizing enzyme with
preferential catalytic activity toward AA and AdA. In recent
years, its multidimensional regulatory networks, pathophysi-
ological functions, and therapeutic potential in liver injury and
related hepatic diseases have become a research hotspot, in-
dicating significant clinical translation prospects. The expres-
sion and activity of ACSL4 are precisely regulated at multi-
ple levels, including transcriptional, post-transcriptional, and
PTMs. This regulation involves various transcription factors,
non-coding RNAs, and mechanisms like ubiquitination and
phosphorylation, among others. Dysregulation of these regula-
tory networks is closely associated with the pathogenesis and
progression of liver diseases.

ACSL4 shows cell-type-specific expression patterns and
functions in different hepatic cells. In hepatocytes, ACSL4
plays a dual role in regulating lipid metabolism and ferrop-
tosis. Under physiological conditions, it maintains cell mem-
brane homeostasis, whereas in pathological states, it promotes
lipid peroxidation and ferroptosis [46, 147, 148]. In HSCs,
ACSL4 expression increases as the cells become activated.
This process is driven by Y THDF2-mediated m°A modifica-
tion, which stabilizes the ACSL4 mRNA and promotes fibro-
genesis [92, 149]. ACSL4 regulates KC functions through a
dual mechanism. This involves catalyzing PUFA esterification
to drive M1 polarization via the production of pro-inflamma-
tory mediators while simultaneously modulating inflammatory
responses through ferroptosis induction; the net effect shows
significant context dependence [97, 100, 101].

Although ACSL4 participates in hepatic lipid metabolism

remodeling through its canonical enzymatic activity, under
specific pathological conditions, it also profoundly influences
hepatocyte fate and disease progression, particularly by cat-
alyzing PUFA esterification to drive ferroptosis [8, 150]. In
various liver disease models, including MASLD/MASH [81,
151], ALD [152], DILI [153, 154], and LIRI [155], ACSL4-
mediated ferroptosis is widely recognized as a key mechanism
underlying hepatocyte damage and death. During the complex
progression of liver fibrosis and HCC, ACSL4 shows dual
roles. Although it may promote disease progression by activat-
ing HSCs or stimulating HCC cell proliferation [91, 133], tar-
geted induction of ACSL4-dependent ferroptosis in activated
stellate cells is a potential antifibrotic strategy [93, 156]. Simi-
larly, inducing ACSL4-dependent ferroptosis in cancer cells
may suppress tumor growth [157].

Currently, small-molecule inhibitors targeting ACSL4
(e.g., triacsin C, liproxstatin-1, and abemaciclib) and RNA in-
terference technologies have shown promising results in vitro
and in animal models [104, 119, 132]. However, related clinical
research remains in its early stages. Future research directions
should focus on 1) developing novel ACSL4 inhibitors with
higher selectivity and improved oral bioavailability; 2) opti-
mizing drug delivery systems like nanocarriers or liposomes
to achieve liver-specific or cell-specific targeted delivery; 3)
actively exploring biomarkers based on ACSL4 expression
levels or functional states for clinical prognosis evaluation
and treatment efficacy monitoring; and finally, 4) further in-
vestigating the synergistic therapeutic potential of combining
ACSL4 inhibitors with antioxidants, autophagy modulators, or
drugs targeting other key signaling pathways. This approach
may yield more effective multifaceted intervention strategies
for liver injury and related hepatic diseases.

Taken together, as a critical regulator of hepatic lipid me-
tabolism and ferroptosis, ACSL4 plays a central role in the
pathophysiology of various liver injuries and related diseases.
A deeper understanding of its complex regulatory mechanisms
and multifaceted functions will provide new theoretical foun-
dations, potential therapeutic targets, and innovative treatment
strategies for the diagnosis and management of liver diseases.
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long-chain family member 4; AdA: adrenic acid; Akt: protein
kinase B; ALD: alcoholic liver disease; APAP: acetaminophen;
cAMP: cyclic adenosine monophosphate; CARMI1: coactiva-
tor-associated arginine methyltransferase 1; CoA: coenzyme
A; DILI: drug-induced liver injury; GPX4: glutathione peroxi-
dase 4; HAV: hepatitis A virus; HBV: hepatitis B virus; HCC:
hepatocellular carcinoma; HCV: hepatitis C virus; HSCs: he-
patic stellate cells; KAT3B: lysine acetyltransferase 3B; KCs:
Kupffer cells; LIRI: liver ischemia-reperfusion injury; moA:
N6-methyladenosine; MAPK: mitogen-activated protein ki-
nase; MASH: metabolic dysfunction-associated steatohepati-
tis; MASLD: metabolic dysfunction-associated steatotic liver
disease; MAM: mitochondria-associated endoplasmic reticu-
lum membrane; PPAR: peroxisome proliferator-activated re-
ceptor; PPARA: peroxisome proliferator-activated receptor al-
pha; PPARS: peroxisome proliferator-activated receptor delta;
PPARYy: peroxisome proliferator-activated receptor gamma;
PPARGCI1A: peroxisome proliferator-activated receptor
gamma coactivator 1 alpha; PTMs: post-translational modi-
fications; PUFAs: polyunsaturated fatty acids; ROS: reactive
oxygen species; SREBP2: sterol regulatory element-binding
protein 2; YTHDF2: m°A—~YTH domain family protein 2

References

1. Feng X, Huang N, Wu'Y, Gao F, Chen X, Zhang C, Zhang
B, et al. Alcoholic liver disease in China: a disease influ-
enced by complex social factors that should not be ne-
glected. J Clin Transl Hepatol. 2024;12(7):677-684. doi
pubmed

10.

I1.

12.

13.

14.

15.

16.

17.

Gan C, Yuan Y, Shen H, Gao J, Kong X, Che Z, Guo Y,
et al. Liver diseases: epidemiology, causes, trends and
predictions. Signal Transduct Target Ther. 2025;10(1):33.
doi pubmed

Younossi ZM, Golabi P, Paik JM, Henry A, Van Dongen
C, Henry L. The global epidemiology of nonalcoholic
fatty liver disease (NAFLD) and nonalcoholic steato-
hepatitis (NASH): a systematic review. Hepatology.
2023;77(4):1335-1347. doi pubmed

Feng X, Zhang R, Yang Z, Zhang K, Xing J. Mechanism
of Metabolic Dysfunction-associated Steatotic Liver Dis-
ease: Important role of lipid metabolism. J Clin Transl
Hepatol. 2024;12(9):815-826. doi pubmed

Kobayashi T, Iwaki M, Nogami A, Yoneda M. Epidemi-
ology and management of drug-induced liver injury: im-
portance of the updated RUCAM. J Clin Transl Hepatol.
2023;11(5):1239-1245. doi pubmed

de Oliveira THC, Goncalves GKN. Liver ischemia
reperfusion injury: Mechanisms, cellular pathways,
and therapeutic approaches. Int Immunopharmacol.
2025;150:114299. doi pubmed

Cao P, Jaeschke H, Ni HM, Ding WX. The ways to die:
cell death in liver pathophysiology. Semin Liver Dis.
2025;45(3):397-419. doi pubmed

Lai MS, Yan XP, Branch DR, Loriamini M, Chen LM.
Ferroptosis in liver diseases: Fundamental mecha-
nism and clinical implications. World J Gastroenterol.
2024;30(32):3730-3738. doi pubmed

Dixon SJ, Olzmann JA. The cell biology of ferroptosis.
Nat Rev Mol Cell Biol. 2024;25(6):424-442. doi pubmed
Cui J, Chen Y, Yang Q, Zhao P, Yang M, Wang X, Mang
G, et al. Protosappanin A protects DOX-induced myocar-
dial injury and cardiac dysfunction by targeting ACSL4/
FTHI1 axis-dependent ferroptosis. Adv Sci (Weinh).
2024;11(34):€2310227. doi pubmed

Chen X, Kang R, Kroemer G, Tang D. Ferroptosis in
infection, inflammation, and immunity. J Exp Med.
2021;218(6). doi pubmed

Chen J, Li X, Ge C, Min J, Wang F. The multifaceted
role of ferroptosis in liver disease. Cell Death Differ.
2022;29(3):467-480. doi pubmed

Classon P, Wixom AQ, Calixto Mancipe N, Graham RP,
Zhao Y, Tran N, Taner T, et al. Role of long-chain acyl-
CoA synthetases in MASH-driven hepatocellular carci-
noma and ferroptosis. Am J Physiol Gastrointest Liver
Physiol. 2025;329(5):G571-G584. doi pubmed

Wang J, Li Q, Huo Y, Liu X, Shi Y, Xie B. ASPP2 defi-
ciency promotes the progression of metabolic dysfunc-
tion-associated steatohepatitis via ACSL4 upregulation.
Sci Rep. 2024;14(1):29177. doi pubmed

Deng X, Luo Y, Gao Y, Wu T. Long-chain acyl-CoA syn-
thetases: biological functions, diseases and therapeutic
targets. Mol Biomed. 2025;6(1):117. doi pubmed

Doll S, Proneth B, Tyurina Y'Y, Panzilius E, Kobayashi S,
Ingold I, Irmler M, et al. ACSL4 dictates ferroptosis sen-
sitivity by shaping cellular lipid composition. Nat Chem
Biol. 2017;13(1):91-98. doi pubmed

Chen F, Kang R, Liu J, Tang D. The ACSL4 network
regulates cell death and autophagy in diseases. Biology

Articles © The authors | Journal compilation © Gastroenterol Res and Elmer Press Inc™ | = https:/gr.elmerpub.com 11


https://www.doi.org/10.14218/JCTH.2024.00034
http://www.ncbi.nlm.nih.gov/pubmed/38993514
http://www.ncbi.nlm.nih.gov/pubmed/38993514
https://www.doi.org/10.1038/s41392-024-02072-z
https://www.doi.org/10.1038/s41392-024-02072-z
http://www.ncbi.nlm.nih.gov/pubmed/39904973
https://www.doi.org/10.1097/HEP.0000000000000004
http://www.ncbi.nlm.nih.gov/pubmed/36626630
https://www.doi.org/10.14218/JCTH.2024.00019
http://www.ncbi.nlm.nih.gov/pubmed/39280069
https://www.doi.org/10.14218/JCTH.2022.00067S
http://www.ncbi.nlm.nih.gov/pubmed/37577239
https://www.doi.org/10.1016/j.intimp.2025.114299
http://www.ncbi.nlm.nih.gov/pubmed/39961215
https://www.doi.org/10.1055/a-2576-4332
http://www.ncbi.nlm.nih.gov/pubmed/40199509
https://www.doi.org/10.3748/wjg.v30.i32.3730
http://www.ncbi.nlm.nih.gov/pubmed/39221065
https://www.doi.org/10.1038/s41580-024-00703-5
http://www.ncbi.nlm.nih.gov/pubmed/38366038
https://www.doi.org/10.1002/advs.202310227
http://www.ncbi.nlm.nih.gov/pubmed/38984448
https://www.doi.org/10.1084/jem.20210518
http://www.ncbi.nlm.nih.gov/pubmed/33978684
https://www.doi.org/10.1038/s41418-022-00941-0
http://www.ncbi.nlm.nih.gov/pubmed/35075250
https://www.doi.org/10.1152/ajpgi.00096.2025
http://www.ncbi.nlm.nih.gov/pubmed/40875358
https://www.doi.org/10.1038/s41598-024-80415-0
http://www.ncbi.nlm.nih.gov/pubmed/39587161
https://www.doi.org/10.1186/s43556-025-00366-4
http://www.ncbi.nlm.nih.gov/pubmed/41288931
https://www.doi.org/10.1038/nchembio.2239
http://www.ncbi.nlm.nih.gov/pubmed/27842070

ACSL4 in Liver Injury

Gastroenterol Res.2026;19(1):1-17

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

12

(Basel). 2023;12(6). doi pubmed 31. Shimbara-Matsubayashi S, Kuwata H, Tanaka N, Kato
Meloni I, Parri V, De Filippis R, Ariani F, Artuso R, Brut- M, Hara S. Analysis on the Substrate Specificity of Re-
tini M, Katzaki E, et al. The XLMR gene ACSL4 plays combinant Human Acyl-CoA Synthetase ACSL4 Vari-
a role in dendritic spine architecture. Neuroscience. ants. Biol Pharm Bull. 2019;42(5):850-855. doi pubmed
2009;159(2):657-669. doi pubmed 32. Yan S, Yang XF, Liu HL, Fu N, Ouyang Y, Qing K. Long-
Cao Y, Traer E, Zimmerman GA, Mclntyre TM, Prescott chain acyl-CoA synthetase in fatty acid metabolism in-
SM. Cloning, expression, and chromosomal localization volved in liver and other diseases: an update. World J Gas-
of human long-chain fatty acid-CoA ligase 4 (FACLA4). troenterol. 2015;21(12):3492-3498. doi pubmed
Genomics. 1998;49(2):327-330. doi pubmed 33. Kuwata H, Hara S. Role of acyl-CoA synthetase ACSL4
Hou J, Jiang C, Wen X, Li C, Xiong S, Yue T, Long P, et in arachidonic acid metabolism. Prostaglandins Other Li-
al. ACSL4 as a potential target and biomarker for antican- pid Mediat. 2019;144:106363. doi pubmed
cer: from molecular mechanisms to clinical therapeutics. 34. Kan CF, Singh AB, Stafforini DM, Azhar S, Liu J. Ara-
Front Pharmacol. 2022;13:949863. doi pubmed chidonic acid downregulates acyl-CoA synthetase 4 ex-
Liang P, Tian K, Yang W, Feng R, Li Y, Hu L, Wang K, pression by promoting its ubiquitination and proteasomal
et al. ACSL4-mediated ZIP7-VDAC3 interaction regu- degradation. J Lipid Res. 2014;55(8):1657-1667. doi
lates endoplasmic reticulum-mitochondria iron transfer pubmed
in hepatocytes under PFOS exposure. Sci Total Environ. 35. Zhang HL, Hu BX, Li ZL, Du T, Shan JL, Ye ZP, Peng
2024;957:177679. doi pubmed XD, et al. PKCbetall phosphorylates ACSL4 to amplify
Radif'Y, Ndiaye H, Kalantzi V, Jacobs R, Hall A, Minogue lipid peroxidation to induce ferroptosis. Nat Cell Biol.
S, Waugh MG. The endogenous subcellular localisations 2022;24(1):88-98. doi pubmed
of the long chain fatty acid-activating enzymes ACSL3 36. Merkel M, Goebel B, Boll M, Adhikari A, Maurer V,
and ACSL4 in sarcoma and breast cancer cells. Mol Cell Steinhilber D, Culmsee C. Mitochondrial reactive oxygen
Biochem. 2018;448(1-2):275-286. doi pubmed species formation determines ACSL4/LPCAT2-mediated
Lewin TM, Kim JH, Granger DA, Vance JE, Cole- ferroptosis. Antioxidants (Basel). 2023;12(8). doi pub-
man RA. Acyl-CoA synthetase isoforms 1, 4, and 5 med
are present in different subcellular membranes in rat 37. Duan J, Wang Z, Duan R, Yang C, Zhao R, Feng Q, Qin
liver and can be inhibited independently. J Biol Chem. Y, et al. Therapeutic targeting of hepatic ACSL4 amelio-
2001;276(27):24674-24679. doi pubmed rates NASH in mice. Hepatology. 2022;75(1):140-153.
Wang W, Hao X, Han L, Yan Z, Shen WIJ, Dong D, doi pubmed
Hasbargen K, et al. Tissue-specific ablation of ACSL4 38. Hou PP, Zheng CM, Wu SH, Liu XX, Xiang GX, Cai WY,
results in disturbed steroidogenesis. Endocrinology. Chen G, et al. Extracellular vesicle-packaged ACSL4 in-
2019;160(11):2517-2528. doi pubmed duces hepatocyte senescence to promote hepatocellular
Ruiz M, Devkota R, Kaper D, Ruhanen H, Busayavalasa carcinoma progression. Cancer Res. 2024;84(23):3953-
K, Radovic U, Henricsson M, et al. AdipoR2 recruits 3966. doi pubmed
protein interactors to promote fatty acid elongation and 39. Kan CF, Singh AB, Dong B, Shende VR, Liu J. PPARdel-
membrane fluidity. J Biol Chem. 2023;299(6):104799. ta activation induces hepatic long-chain acyl-CoA syn-
doi pubmed thetase 4 expression in vivo and in vitro. Biochim Bio-
Zhang H, Sun Q, Dong H, Jin Z, Li M, Jin S, Zeng X, et phys Acta. 2015;1851(5):577-587. doi pubmed
al. Long-chain acyl-CoA synthetase-4 regulates endome- 40. Torres-Ruiz S, Garrido-Cano I, Lameirinhas A, Burgues
trial decidualization through a fatty acid beta-oxidation O, Hernando C, Martinez MT, Rojo F, et al. MiRNA-449
pathway rather than lipid droplet accumulation. Mol Me- family is epigenetically repressed and sensitizes to doxo-
tab. 2024;84:101953. doi pubmed rubicin through ACSL4 downregulation in triple-negative
Tong F, Black PN, Coleman RA, DiRusso CC. Fatty acid breast cancer. Cell Death Discov. 2024;10(1):372. doi
transport by vectorial acylation in mammals: roles played pubmed
by different isoforms of rat long-chain acyl-CoA syn- 41. OuR,LuS,WangL,WangY,LvM,LiT, XuY, etal. Cir-
thetases. Arch Biochem Biophys. 2006;447(1):46-52. doi cular RNA circLMO1 suppresses cervical cancer growth
pubmed and metastasis by triggering miR-4291/ACSL4-mediated
Ding K, Liu C, Li L, Yang M, Jiang N, Luo S, Sun L. ferroptosis. Front Oncol. 2022;12:858598. doi pubmed
Acyl-CoA synthase ACSL4: an essential target in fer- 42. Wu D, Spencer CB, Ortoga L, Zhang H, Miao C. Histone
roptosis and fatty acid metabolism. Chin Med J (Engl). lactylation-regulated METTL3 promotes ferroptosis via
2023;136(21):2521-2537. doi pubmed mo6A-modification on ACSL4 in sepsis-associated lung
Wu Y, Lim YW, McMahon KA, Martel N, Rae J, Lo injury. Redox Biol. 2024;74:103194. doi pubmed
HP, Gao Y, et al. Pro-ferroptotic lipids as key control 43. Smith ME, Saraceno GE, Capani F, Castilla R. Long-
points for caveola formation and disassembly. Cell Rep. chain acyl-CoA synthetase 4 is regulated by phosphoryla-
2025;44(6):115789. doi pubmed tion. Biochem Biophys Res Commun. 2013;430(1):272-
Kagan VE, Mao G, Qu F, Angeli JP, Doll S, Croix CS, 277. doi pubmed
Dar HH, et al. Oxidized arachidonic and adrenic PEs nav- 44. Zhou S, Zhang L, You Y, Yu K, Tie X, Gao Y, Chen Y,
igate cells to ferroptosis. Nat Chem Biol. 2017;13(1):81- et al. elF3f promotes tumour malignancy by remodel-
90. doi pubmed ling fatty acid biosynthesis in hepatocellular carcinoma.
Articles © The authors | Journal compilation © Gastroenterol Res and Elmer Press Inc™ | = https:/gr.elmerpub.com


https://www.doi.org/10.3390/biology12060864
http://www.ncbi.nlm.nih.gov/pubmed/37372148
https://www.doi.org/10.1016/j.neuroscience.2008.11.056
http://www.ncbi.nlm.nih.gov/pubmed/19166906
https://www.doi.org/10.1006/geno.1998.5268
http://www.ncbi.nlm.nih.gov/pubmed/9598324
https://www.doi.org/10.3389/fphar.2022.949863
http://www.ncbi.nlm.nih.gov/pubmed/35910359
https://www.doi.org/10.1016/j.scitotenv.2024.177679
http://www.ncbi.nlm.nih.gov/pubmed/39579909
https://www.doi.org/10.1007/s11010-018-3332-x
http://www.ncbi.nlm.nih.gov/pubmed/29450800
https://www.doi.org/10.1074/jbc.M102036200
http://www.ncbi.nlm.nih.gov/pubmed/11319232
https://www.doi.org/10.1210/en.2019-00464
http://www.ncbi.nlm.nih.gov/pubmed/31504388
https://www.doi.org/10.1016/j.jbc.2023.104799
https://www.doi.org/10.1016/j.jbc.2023.104799
http://www.ncbi.nlm.nih.gov/pubmed/37164154
https://www.doi.org/10.1016/j.molmet.2024.101953
http://www.ncbi.nlm.nih.gov/pubmed/38710444
https://www.doi.org/10.1016/j.abb.2006.01.005
http://www.ncbi.nlm.nih.gov/pubmed/16466685
http://www.ncbi.nlm.nih.gov/pubmed/16466685
https://www.doi.org/10.1097/CM9.0000000000002533
http://www.ncbi.nlm.nih.gov/pubmed/37442770
https://www.doi.org/10.1016/j.celrep.2025.115789
http://www.ncbi.nlm.nih.gov/pubmed/40478736
https://www.doi.org/10.1038/nchembio.2238
http://www.ncbi.nlm.nih.gov/pubmed/27842066
https://www.doi.org/10.1248/bpb.b19-00085
http://www.ncbi.nlm.nih.gov/pubmed/31061331
https://www.doi.org/10.3748/wjg.v21.i12.3492
http://www.ncbi.nlm.nih.gov/pubmed/25834313
https://www.doi.org/10.1016/j.prostaglandins.2019.106363
http://www.ncbi.nlm.nih.gov/pubmed/31306767
https://www.doi.org/10.1194/jlr.M045971
http://www.ncbi.nlm.nih.gov/pubmed/24879802
http://www.ncbi.nlm.nih.gov/pubmed/24879802
https://www.doi.org/10.1038/s41556-021-00818-3
http://www.ncbi.nlm.nih.gov/pubmed/35027735
https://www.doi.org/10.3390/antiox12081590
http://www.ncbi.nlm.nih.gov/pubmed/37627584
http://www.ncbi.nlm.nih.gov/pubmed/37627584
https://www.doi.org/10.1002/hep.32148
https://www.doi.org/10.1002/hep.32148
http://www.ncbi.nlm.nih.gov/pubmed/34510514
https://www.doi.org/10.1158/0008-5472.CAN-24-0832
http://www.ncbi.nlm.nih.gov/pubmed/39226516
https://www.doi.org/10.1016/j.bbalip.2015.01.008
http://www.ncbi.nlm.nih.gov/pubmed/25645621
https://www.doi.org/10.1038/s41420-024-02128-7
http://www.ncbi.nlm.nih.gov/pubmed/39174500
http://www.ncbi.nlm.nih.gov/pubmed/39174500
https://www.doi.org/10.3389/fonc.2022.858598
http://www.ncbi.nlm.nih.gov/pubmed/35321435
https://www.doi.org/10.1016/j.redox.2024.103194
http://www.ncbi.nlm.nih.gov/pubmed/38852200
https://www.doi.org/10.1016/j.bbrc.2012.10.138
http://www.ncbi.nlm.nih.gov/pubmed/23159612

Liang et al

Gastroenterol Res.2026;19(1):1-17

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

J Hepatol. 2025;83(3):712-728. doi pubmed

Dattilo MA, Benzo Y, Herrera LM, Prada JG, Lopez PF,
Caruso CM, Lasaga M, et al. Regulation and role of Acyl-
CoA synthetase 4 in glial cells. J Steroid Biochem Mol
Biol. 2021;208:105792. doi pubmed

Singh AB, Kan CFK, Kraemer FB, Sobel RA, Liu J.
Liver-specific knockdown of long-chain acyl-CoA syn-
thetase 4 reveals its key role in VLDL-TG metabolism
and phospholipid synthesis in mice fed a high-fat diet.
Am J Physiol Endocrinol Metab. 2019;316(5):E880-
E894. doi pubmed

Rong S, Cortes VA, Rashid S, Anderson NN, McDonald
JG, Liang G, Moon YA, et al. Expression of SREBP-1c
Requires SREBP-2-mediated Generation of a Sterol Li-
gand for LXR in Livers of Mice. Elife. 2017;6. doi pub-
med

Liang YC, Wu CH, Chu JS, Wang CK, Hung LF, Wang
YJ, Ho YS, et al. Involvement of fatty acid-CoA ligase 4
in hepatocellular carcinoma growth: roles of cyclic AMP
and p38 mitogen-activated protein kinase. World J Gas-
troenterol. 2005;11(17):2557-2563. doi pubmed

LinJ, Zhang P, Liu W, Liu G, Zhang J, Yan M, Duan Y, et
al. A positive feedback loop between ZEB2 and ACSL4
regulates lipid metabolism to promote breast cancer me-
tastasis. Elife. 2023;12. doi pubmed

Yang H, Sun W, Bi T, Sun J, Lu Z, Li J, Wei H. ZNF8-
miR-552-5p axis modulates ACSL4-mediated fer-
roptosis in hepatocellular carcinoma. DNA Cell Biol.
2023;42(6):336-347. doi pubmed

Ma LL, Liang L, Zhou D, Wang SW. Tumor suppres-
sor miR-424-5p abrogates ferroptosis in ovarian cancer
through targeting ACSL4. Neoplasma. 2021;68(1):165-
173. doi pubmed

Chen Z, Luo J, Sun S, Cao D, Shi H, Loor JJ. miR-148a
and miR-17-5p synergistically regulate milk TAG synthe-
sis via PPARGCI1A and PPARA in goat mammary epithe-
lial cells. RNA Biol. 2017;14(3):326-338. doi pubmed
Zhang X, Wang L, Li H, Zhang L, Zheng X, Cheng W.
Crosstalk between noncoding RNAs and ferroptosis: new
dawn for overcoming cancer progression. Cell Death Dis.
2020;11(7):580. doi pubmed

Zeng X, Yuan X, Cai Q, Tang C, Gao J. Circular RNA as
an epigenetic regulator in chronic liver diseases. Cells.
2021;10(8). doi pubmed

Liu B, MaH, Liu X, Xing W. CircSCNS8A suppresses ma-
lignant progression and induces ferroptosis in non-small
cell lung cancer by regulating miR-1290/ACSL4 axis.
Cell Cycle. 2023;22(7):758-776. doi pubmed

Wang W, Xu R, Zhao H, Xiong Y, He P. CircEXOCS pro-
motes ferroptosis by enhancing ACSL4 mRNA stability
via binding to PTBP1 in sepsis-induced acute lung injury.
Immunobiology. 2022;227(4):152219. doi pubmed

Louis C, Leclerc D, Coulouarn C. Emerging roles of cir-
cular RNAs in liver cancer. JHEP Rep. 2022;4(2):100413.
doi pubmed

Jin H, Shi Z, Zhou T, Xie S. Regulation of m6Am RNA
modification and its implications in human diseases. J
Mol Cell Biol. 2024;16(3). doi pubmed

Cai T, Atteh LL, Zhang X, Huang C, Bai M, Ma H, Zhang

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

C, et al. The N6-methyladenosine modification and its
role in MRNA metabolism and gastrointestinal tract dis-
ease. Front Surg. 2022;9:819335. doi pubmed

Jiang X, Liu B, Nie Z, Duan L, Xiong Q, Jin Z, Yang
C, et al. The role of m6A modification in the biological
functions and diseases. Signal Transduct Target Ther.
2021;6(1):74. doi pubmed

Wang S, Lv W, Li T, Zhang S, Wang H, Li X, Wang L,
et al. Dynamic regulation and functions of mRNA m6A
modification. Cancer Cell Int. 2022;22(1):48. doi pub-
med

Zhu R, Gao C, Feng Q, Guan H, Wu J, Samant H, Yang F,
et al. Ferroptosis-related genes with post-transcriptional
regulation mechanisms in hepatocellular carcinoma de-
termined by bioinformatics and experimental validation.
Ann Transl Med. 2022;10(24):1390. doi pubmed

Yang H, Hu Y, Weng M, Liu X, Wan P, Hu Y, Ma M,
et al. Hypoxia inducible IncRNA-CBSLR modulates fer-
roptosis through m6A-YTHDF2-dependent modulation
of CBS in gastric cancer. ] Adv Res. 2022;37:91-106. doi
pubmed

Wang W, Chen J, Lai S, Zeng R, Fang M, Wan L, Li Y.
METTL14 promotes ferroptosis in smooth muscle cells
during thoracic aortic aneurysm by stabilizing the m(6)
A modification of ACSL4. Am J Physiol Cell Physiol.
2025;328(2):C387-C399. doi pubmed

Zhong Q, Xiao X, QiuY, Xu Z, Chen C, Chong B, Zhao X,
et al. Protein posttranslational modifications in health and
diseases: Functions, regulatory mechanisms, and thera-
peutic implications. MedComm (2020). 2023;4(3):e261.
doi pubmed

XuY, Xing Z, Abdalla Ibrahim Suliman R, Liu Z, Tang F.
Ferroptosis in liver cancer: a key role of post-translation-
al modifications. Front Immunol. 2024;15:1375589. doi
pubmed

Lacoursiere RE, Hadi D, Shaw GS. Acetylation, phospho-
rylation, ubiquitination (Oh My!): following post-transla-
tional modifications on the ubiquitin road. Biomolecules.
2022;12(3). doi pubmed

Yao S, Quan Y. Research progress of ferroptosis pathway
and its related molecular ubiquitination modification in
liver cancer. Front Oncol. 2025;15:1502673. doi pubmed
Huang J, Qiao B, Yuan Y, Xie Y, Xia X, Li F, Wang L.
PRMT3 and CARM1: emerging epigenetic targets in can-
cer. J Cell Mol Med. 2025;29(4):¢70386. doi pubmed
Feng S, Rao Z, Zhang J, She X, Chen Y, Wan K, Li H,
et al. Inhibition of CARMI-mediated methylation of
ACSL4 promotes ferroptosis in colorectal cancer. Adv
Sci (Weinh). 2023;10(36):¢2303484. doi pubmed

Zheng X, Zhang C. The regulation of ferroptosis by non-
coding RNAs. Int ] Mol Sci. 2023;24(17). doi pubmed
Choi MG, Lee NY, Koo JH. Stabilizing hepatic fatty acid
oxidation: Editorial on "USP29 alleviates the progression
of MASLD by stabilizing ACSL5 through K48 deubiq-
uitination". Clin Mol Hepatol. 2025;31(2):592-595. doi
pubmed

Xie G, LiN, Li K, Xu Y, Zhang Y, Cao S, Huang B, et al.
Phosphatase LHPP confers prostate cancer ferroptosis ac-
tivation by modulating the AKT-SKP2-ACSL4 pathway.

Articles © The authors | Journal compilation © Gastroenterol Res and Elmer Press Inc™ | = https:/gr.elmerpub.com 13


https://www.doi.org/10.1016/j.jhep.2025.02.045
http://www.ncbi.nlm.nih.gov/pubmed/40154622
https://www.doi.org/10.1016/j.jsbmb.2020.105792
http://www.ncbi.nlm.nih.gov/pubmed/33246155
https://www.doi.org/10.1152/ajpendo.00503.2018
http://www.ncbi.nlm.nih.gov/pubmed/30721098
https://www.doi.org/10.7554/eLife.25015
http://www.ncbi.nlm.nih.gov/pubmed/28244871
http://www.ncbi.nlm.nih.gov/pubmed/28244871
https://www.doi.org/10.3748/wjg.v11.i17.2557
http://www.ncbi.nlm.nih.gov/pubmed/15849811
https://www.doi.org/10.7554/eLife.87510
http://www.ncbi.nlm.nih.gov/pubmed/38078907
https://www.doi.org/10.1089/dna.2022.0582
http://www.ncbi.nlm.nih.gov/pubmed/37126948
https://www.doi.org/10.4149/neo_2020_200707N705
http://www.ncbi.nlm.nih.gov/pubmed/33038905
https://www.doi.org/10.1080/15476286.2016.1276149
http://www.ncbi.nlm.nih.gov/pubmed/28095188
https://www.doi.org/10.1038/s41419-020-02772-8
http://www.ncbi.nlm.nih.gov/pubmed/32709863
https://www.doi.org/10.3390/cells10081945
http://www.ncbi.nlm.nih.gov/pubmed/34440714
https://www.doi.org/10.1080/15384101.2022.2154543
http://www.ncbi.nlm.nih.gov/pubmed/36482742
https://www.doi.org/10.1016/j.imbio.2022.152219
http://www.ncbi.nlm.nih.gov/pubmed/35709678
https://www.doi.org/10.1016/j.jhepr.2021.100413
https://www.doi.org/10.1016/j.jhepr.2021.100413
http://www.ncbi.nlm.nih.gov/pubmed/35036887
https://www.doi.org/10.1093/jmcb/mjae012
http://www.ncbi.nlm.nih.gov/pubmed/38509021
https://www.doi.org/10.3389/fsurg.2022.819335
http://www.ncbi.nlm.nih.gov/pubmed/35155557
https://www.doi.org/10.1038/s41392-020-00450-x
http://www.ncbi.nlm.nih.gov/pubmed/33611339
https://www.doi.org/10.1186/s12935-022-02452-x
http://www.ncbi.nlm.nih.gov/pubmed/35093087
http://www.ncbi.nlm.nih.gov/pubmed/35093087
https://www.doi.org/10.21037/atm-22-5750
http://www.ncbi.nlm.nih.gov/pubmed/36660631
https://www.doi.org/10.1016/j.jare.2021.10.001
http://www.ncbi.nlm.nih.gov/pubmed/35499052
http://www.ncbi.nlm.nih.gov/pubmed/35499052
https://www.doi.org/10.1152/ajpcell.00577.2024
http://www.ncbi.nlm.nih.gov/pubmed/39672203
https://www.doi.org/10.1002/mco2.261
https://www.doi.org/10.1002/mco2.261
http://www.ncbi.nlm.nih.gov/pubmed/37143582
https://www.doi.org/10.3389/fimmu.2024.1375589
http://www.ncbi.nlm.nih.gov/pubmed/38650929
http://www.ncbi.nlm.nih.gov/pubmed/38650929
https://www.doi.org/10.3390/biom12030467
http://www.ncbi.nlm.nih.gov/pubmed/35327659
https://www.doi.org/10.3389/fonc.2025.1502673
http://www.ncbi.nlm.nih.gov/pubmed/40190567
https://www.doi.org/10.1111/jcmm.70386
http://www.ncbi.nlm.nih.gov/pubmed/39964832
https://www.doi.org/10.1002/advs.202303484
http://www.ncbi.nlm.nih.gov/pubmed/37946697
https://www.doi.org/10.3390/ijms241713336
http://www.ncbi.nlm.nih.gov/pubmed/37686142
https://www.doi.org/10.3350/cmh.2024.0971
http://www.ncbi.nlm.nih.gov/pubmed/39501572
http://www.ncbi.nlm.nih.gov/pubmed/39501572

ACSL4 in Liver Injury

Gastroenterol Res.2026;19(1):1-17

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

14

Cell Death Dis. 2024;15(9):665. doi pubmed 87. Killion EA, Reeves AR, El Azzouny MA, Yan QW, Su-
Kyriakis JM, Avruch J. Mammalian MAPK signal trans- rujon D, Griffin JD, Bowman TA, et al. A role for long-
duction pathways activated by stress and inflammation: chain acyl-CoA synthetase-4 (ACSL4) in diet-induced
a 10-year update. Physiol Rev. 2012;92(2):689-737. doi phospholipid remodeling and obesity-associated adipo-
pubmed cyte dysfunction. Mol Metab. 2018;9:43-56. doi pubmed
Zhou P, Peng X, Zhang K, Cheng J, Tang M, Shen L, Zhou 88. Akkiz H, Gieseler RK, Canbay A. Liver Fibrosis: From
Q, et al. HAT1I/HDAC2 mediated ACSL4 acetylation Basic Science towards Clinical Progress, Focusing on
confers radiosensitivity by inducing ferroptosis in naso- the Central Role of Hepatic Stellate Cells. Int J Mol Sci.
pharyngeal carcinoma. Cell Death Dis. 2025;16(1):160. 2024;25(14). doi pubmed
doi pubmed 89. Zhou WC, Zhang QB, Qiao L. Pathogenesis of liver cir-
Wang J, Wang Z, Yuan J, Wang J, Shen X. The positive rhosis. World J Gastroenterol. 2014;20(23):7312-7324.
feedback between ACSL4 expression and O-GIcNAcyla- doi pubmed
tion contributes to the growth and survival of hepatocel- 90. Cheng, Song T, Yao J, Wang Q, Meng C, Feng F. Study
lular carcinoma. Aging (Albany NY). 2020;12(9):7786- on the mechanism of hsa circ 0074763 regulating the
7800. doi pubmed miR-3667-3P/ACSL4 axis in liver fibrosis. Sci Rep.
Liu W, Zhu Y, Ye W, Xiong J, Wang H, Gao Y, Huang 2025;15(1):10548. doi pubmed
S, et al. Redox regulation of TRIM28 facilitates neuronal 91. Wu X, Zhi F, Lun W, Deng Q, Zhang W. Baicalin inhib-
ferroptosis by promoting SUMOylation and inhibiting its PDGF-BB-induced hepatic stellate cell proliferation,
OPTN-selective autophagic degradation of ACSL4. Cell apoptosis, invasion, migration and activation via the
Death Differ. 2025;32(6):1041-1057. doi pubmed miR-3595/ACSL4 axis. Int J Mol Med. 2018;41(4):1992-
LiF,YeH, LiL, Chen Q, Lan X, Wu L, Li B, et al. Histone 2002. doi pubmed
lysine crotonylation accelerates ACSL4-mediated ferrop- 92. LiuW, HeY, Chen K, Ye J, YuL, Zhou C, Zhai W. YTH-
tosis of keratinocytes via modulating autophagy in dia- DF2 influences hepatic fibrosis by regulating ferroptosis
betic wound healing. Pharmacol Res. 2025;213:107632. in hepatic stellate cells by mediating the expression of
doi pubmed ACSL4 in an m (6)A-dependent manner. Acta Biochim
Liu F, Chen Y, Huang K. Electro-acupuncture Suppresses Biophys Sin (Shanghai). 2024;57(4):521-528. doi pub-
Ferroptosis to Alleviate Cerebral Ischemia-Reperfusion med
Injury Through KAT3B-Mediated Succinylation of 93. HuY, Lang Z, Li X, Lin L, Li Y, Zhang R, Zheng J, et al.
ACSL4. Appl Biochem Biotechnol. 2025;197(2):989- Ginsenoside Rg3 promotes hepatic stellate cell ferropto-
1001. doi pubmed sis by epigenetically regulating ACSL4 to suppress liver
Jia B, Li J, Song Y, Luo C. ACSL4-mediated ferroptosis fibrosis progression. Phytomedicine. 2024;124:155289.
and its potential role in central nervous system disecases doi pubmed
and injuries. Int J Mol Sci. 2023;24(12). doi pubmed 94. Kolios G, Valatas V, Kouroumalis E. Role of Kupffer
Yu Q, Song L. Unveiling the role of ferroptosis in the cells in the pathogenesis of liver disease. World J Gastro-
progression from NAFLD to NASH: recent advances in enterol. 2006;12(46):7413-7420. doi pubmed
mechanistic understanding. Front Endocrinol (Lausanne). 95. Lee KJ, Kim MY, Han YH. Roles of heterogenous hepatic
2024;15:1431652. doi pubmed macrophages in the progression of liver diseases. BMB
Sui Y, Geng X, Wang Z, Zhang J, Yang Y, Meng Z. Tar- Rep. 2022;55(4):166-174. doi pubmed
geting the regulation of iron homeostasis as a potential 96. Dixon LJ, Barnes M, Tang H, Pritchard MT, Nagy LE.
therapeutic strategy for nonalcoholic fatty liver disease. Kupffer cells in the liver. Compr Physiol. 2013;3(2):785-
Metabolism. 2024;157:155953. doi pubmed 797. doi pubmed
Yuan H, Li X, Zhang X, Kang R, Tang D. Identification of 97. Reeves AR, Sansbury BE, Pan M, Han X, Spite M,
ACSL4 as a biomarker and contributor of ferroptosis. Bi- Greenberg AS. Myeloid-specific deficiency of Long-
ochem Biophys Res Commun. 2016;478(3):1338-1343. Chain Acyl CoA Synthetase 4 reduces inflammation by
doi pubmed remodeling phospholipids and reducing production of
Xue X, Wang L, Wu R, Li Y, Liu R, Ma Z, Jia K, et al. arachidonic acid-derived proinflammatory lipid media-
Si-Wu-Tang alleviates metabolic dysfunction-associated tors. J Immunol. 2021;207(11):2744-2753. doi pubmed
fatty liver disease by inhibiting ACSL4-mediated arachi- 98. Hirako IC, Antunes MM, Rezende RM, Hojo-Souza NS,
donic acid metabolism and ferroptosis in MCD diet-fed Figueiredo MM, Dias T, Nakaya H, et al. Uptake of Plas-
mice. Chin Med. 2024;19(1):79. doi pubmed modium chabaudi hemozoin drives Kupffer cell death
Tao L, Xue YF, Sun FF, He X, Wang HQ, Tong CC, and fuels superinfections. Sci Rep. 2022;12(1):19805. doi
Zhang C, et al. MitoQ protects against carbon tetrachlo- pubmed
ride-induced hepatocyte ferroptosis and acute liver injury 99. Wen Q, Liu J, Kang R, Zhou B, Tang D. The release and
by suppressing mtROS-mediated ACSL4 upregulation. activity of HMGBI in ferroptosis. Biochem Biophys Res
Toxicol Appl Pharmacol. 2024;486:116914. doi pubmed Commun. 2019;510(2):278-283. doi pubmed
Wu D, Zuo Z, Sun X, Li X, Yin F, Yin W. ACSL4 pro- 100. Cao D, Zheng J, Li Z, Yu Y, Chen Z, Wang Q. ACSL4
motes malignant progression of Hepatocellular carcino- inhibition prevents macrophage ferroptosis and alleviates
ma by targeting PAK2 transcription. Biochem Pharmacol. fibrosis in bleomycin-induced systemic sclerosis model.
2024;224:116206. doi pubmed Arthritis Res Ther. 2023;25(1):212. doi pubmed

Articles © The authors | Journal compilation © Gastroenterol Res and Elmer Press Inc™ | = https:/gr.elmerpub.com


https://www.doi.org/10.1038/s41419-024-07007-8
http://www.ncbi.nlm.nih.gov/pubmed/39261475
https://www.doi.org/10.1152/physrev.00028.2011
http://www.ncbi.nlm.nih.gov/pubmed/22535895
http://www.ncbi.nlm.nih.gov/pubmed/22535895
https://www.doi.org/10.1038/s41419-025-07477-4
https://www.doi.org/10.1038/s41419-025-07477-4
http://www.ncbi.nlm.nih.gov/pubmed/40050614
https://www.doi.org/10.18632/aging.103092
http://www.ncbi.nlm.nih.gov/pubmed/32357142
https://www.doi.org/10.1038/s41418-025-01452-4
http://www.ncbi.nlm.nih.gov/pubmed/39875520
https://www.doi.org/10.1016/j.phrs.2025.107632
https://www.doi.org/10.1016/j.phrs.2025.107632
http://www.ncbi.nlm.nih.gov/pubmed/39892437
https://www.doi.org/10.1007/s12010-024-05063-6
http://www.ncbi.nlm.nih.gov/pubmed/39340629
https://www.doi.org/10.3390/ijms241210021
http://www.ncbi.nlm.nih.gov/pubmed/37373168
https://www.doi.org/10.3389/fendo.2024.1431652
http://www.ncbi.nlm.nih.gov/pubmed/39036052
https://www.doi.org/10.1016/j.metabol.2024.155953
http://www.ncbi.nlm.nih.gov/pubmed/38885833
https://www.doi.org/10.1016/j.bbrc.2016.08.124
https://www.doi.org/10.1016/j.bbrc.2016.08.124
http://www.ncbi.nlm.nih.gov/pubmed/27565726
https://www.doi.org/10.1186/s13020-024-00953-7
http://www.ncbi.nlm.nih.gov/pubmed/38844978
https://www.doi.org/10.1016/j.taap.2024.116914
http://www.ncbi.nlm.nih.gov/pubmed/38522585
https://www.doi.org/10.1016/j.bcp.2024.116206
http://www.ncbi.nlm.nih.gov/pubmed/38615921
https://www.doi.org/10.1016/j.molmet.2018.01.012
http://www.ncbi.nlm.nih.gov/pubmed/29398618
https://www.doi.org/10.3390/ijms25147873
http://www.ncbi.nlm.nih.gov/pubmed/39063116
https://www.doi.org/10.3748/wjg.v20.i23.7312
https://www.doi.org/10.3748/wjg.v20.i23.7312
http://www.ncbi.nlm.nih.gov/pubmed/24966602
https://www.doi.org/10.1038/s41598-025-91393-2
http://www.ncbi.nlm.nih.gov/pubmed/40148434
https://www.doi.org/10.3892/ijmm.2018.3427
http://www.ncbi.nlm.nih.gov/pubmed/29393361
https://www.doi.org/10.3724/abbs.2024162
http://www.ncbi.nlm.nih.gov/pubmed/39716886
http://www.ncbi.nlm.nih.gov/pubmed/39716886
https://www.doi.org/10.1016/j.phymed.2023.155289
https://www.doi.org/10.1016/j.phymed.2023.155289
http://www.ncbi.nlm.nih.gov/pubmed/38176269
https://www.doi.org/10.3748/wjg.v12.i46.7413
http://www.ncbi.nlm.nih.gov/pubmed/17167827
https://www.doi.org/10.5483/BMBRep.2022.55.4.022
http://www.ncbi.nlm.nih.gov/pubmed/35321784
https://www.doi.org/10.1002/cphy.c120026
http://www.ncbi.nlm.nih.gov/pubmed/23720329
https://www.doi.org/10.4049/jimmunol.2100393
http://www.ncbi.nlm.nih.gov/pubmed/34725110
https://www.doi.org/10.1038/s41598-022-23858-7
http://www.ncbi.nlm.nih.gov/pubmed/36396745
http://www.ncbi.nlm.nih.gov/pubmed/36396745
https://www.doi.org/10.1016/j.bbrc.2019.01.090
http://www.ncbi.nlm.nih.gov/pubmed/30686534
https://www.doi.org/10.1186/s13075-023-03190-9
http://www.ncbi.nlm.nih.gov/pubmed/37884942

Liang et al Gastroenterol Res.2026;19(1):1-17
101. Chen W, Bao L, Ren Q, Zhang Z, Yi L, Lei W, Yang Z, et 115. Yamada N, Karasawa T, Kimura H, Watanabe S, Komada
al. SCARBI in extracellular vesicles promotes NPC me- T, Kamata R, Sampilvanjil A, et al. Ferroptosis driven by
tastasis by co-regulating M1 and M2 macrophage func- radical oxidation of n-6 polyunsaturated fatty acids me-
tion. Cell Death Discov. 2023;9(1):323. doi pubmed diates acetaminophen-induced acute liver failure. Cell
102. Tao L, Yang X, Ge C, Zhang P, He W, Xu X, Li X, et al. Death Dis. 2020;11(2):144. doi pubmed
Integrative clinical and preclinical studies identify Fer- 116. Long Z, Yu X, Li S, Cheng N, Huo C, Zhang X, Wang S.
roTerminator] as a potent therapeutic drug for MASH. Sakuranetin Prevents Acetaminophen-Induced Liver In-
Cell Metab. 2024;36(10):2190-2206.¢2195. doi pubmed jury via Nrf2-Induced Inhibition of Hepatocyte Ferropto-
103. Sun M, Sun Q, Li T, Ren X, Xu Q, Sun Z, Duan J. Sil- sis. Drug Des Devel Ther. 2025;19:159-171. doi pubmed
ica nanoparticles induce liver lipid metabolism disor- 117. Liu Y, Chen W, Cen Y, Zhao X, Chen Z, Liang Y, Huang
der via ACSL4-mediated ferroptosis. Environ Pollut. Z, et al. Hepatocyte ferroptosis contributes to anti-tuber-
2024;359:124590. doi pubmed culosis drug-induced liver injury: Involvement of the
104. Wei S, Qiu T, Wang N, Yao X, Jiang L, Jia X, Tao Y, et HIF-1alpha/SLC7A11/GPx4 axis. Chem Biol Interact.
al. Ferroptosis mediated by the interaction between Mfn2 2023;376:110439. doi pubmed
and IREalpha promotes arsenic-induced nonalcoholic 118. Li X, Tao L, Zhong M, Wu Q, Min J, Wang F. [Ferroptosis
steatohepatitis. Environ Res. 2020;188:109824. doi pub- and liver diseases]. Zhejiang Da Xue Xue Bao Yi Xue
med Ban. 2024;53(6):747-755. doi pubmed
105. Angendohr C, Koppe C, Herebian D, Schneider AT, 119. Rokop ZP, Zhang W, Ghosh N, Biswas N, Das A, Lin J,
Keysberg L, Singer MT, Gilljam J, et al. The ferroptosis Sen CK, et al. Exacerbated ischemia-reperfusion injury
mediator ACSL4 fails to prevent disease progression in in fatty livers is mediated by lipid peroxidation stress and
mouse models of MASLD. Hepatol Commun. 2025;9(6). ferroptosis. Surgery. 2024;175(6):1539-1546. doi pub-
doi pubmed med
106. Ren S, Wang J, Dong Z, LiJ, Ma Y, Yang Y, Zhou T, et al. 120. Li C, Wu Y, Chen K, Chen R, Xu S, Yang B, Lian Z,
Perfluorooctane sulfonate induces ferroptosis-dependent et al. Gp78 deficiency in hepatocytes alleviates hepatic
non-alcoholic steatohepatitis via autophagy-MCU-caused ischemia-reperfusion injury via suppressing ACSL4-me-
mitochondrial calcium overload and MCU-ACSL4 inter- diated ferroptosis. Cell Death Dis. 2023;14(12):810. doi
action. Ecotoxicol Environ Saf. 2024;280:116553. doi pubmed
pubmed 121. Wu J, Gong L, Li Y, Qu J, Yang Y, Wu R, Fan G, et al.
107. Harjumaki R, Pridgeon CS, Ingelman-Sundberg M. CY- Tao-Hong-Si-Wu-Tang improves thioacetamide-induced
P2E1 in alcoholic and non-alcoholic liver injury. Roles of liver fibrosis by reversing ACSL4-mediated lipid accu-
ROS, reactive intermediates and lipid overload. Int J Mol mulation and promoting mitophagy. J Ethnopharmacol.
Sci. 2021;22(15). doi pubmed 2024;333:118456. doi pubmed
108. Teschke R. Alcoholic liver disease: alcohol metabolism, 122. Chen J, Ding C, Chen Y, Hu W, Yu C, Peng C, Feng X, et
cascade of molecular mechanisms, cellular targets, and al. ACSL4 reprograms fatty acid metabolism in hepato-
clinical aspects. Biomedicines. 2018;6(4). doi pubmed cellular carcinoma via c-Myc/SREBP1 pathway. Cancer
109. Zhang Q, Wu S, Chen Q, Zhang Y, Zhang C, Yin R, Ouy- Lett. 2021;502:154-165. doi pubmed
ang Z, et al. Reducing oxidative stress-mediated alcoholic 123. Huang Z, Xia H, Cui Y, Yam JWP, Xu Y. Ferroptosis:
liver injury by multiplexed RNAi of Cyp2el, Cyp4alO, from basic research to clinical therapeutics in hepatocel-
and Cyp4al4. Biomedicines. 2024;12(7). doi pubmed lular carcinoma. J Clin Transl Hepatol. 2023;11(1):207-
110. Li LX, Guo FF, Liu H, Zeng T. Iron overload in alco- 218. doi pubmed
holic liver disease: underlying mechanisms, detrimental 124. Feng J, Lu PZ, Zhu GZ, Hooi SC, Wu Y, Huang XW, Dai
effects, and potential therapeutic targets. Cell Mol Life HQ, et al. ACSL4 is a predictive biomarker of sorafenib
Sci. 2022;79(4):201. doi pubmed sensitivity in hepatocellular carcinoma. Acta Pharmacol
111. Luo J, Song G, Chen N, Xie M, Niu X, Zhou S, Ji Y, et Sin. 2021;42(1):160-170. doi pubmed
al. Ferroptosis contributes to ethanol-induced hepatic cell 125. Li ZJ, Dai HQ, Huang XW, Feng J, Deng JH, Wang ZX,
death via labile iron accumulation and GPx4 inactivation. Yang XM, et al. Artesunate synergizes with sorafenib
Cell Death Discov. 2023;9(1):311. doi pubmed to induce ferroptosis in hepatocellular carcinoma. Acta
112. Chen F, Li Q, Xu X, Wang F. Selenium attenuates ctha- Pharmacol Sin. 2021;42(2):301-310. doi pubmed
nol-induced hepatocellular injury by regulating ferropto- 126. Zhao P, Zhou Z, Yang Y, Huang S, Tu Y, Tu J. [Ferroptosis
sis and apoptosis. Turk J Gastroenterol. 2024;35(10):778- inducer Erastin inhibits proliferation of liver cancer cells
786. doi pubmed in vitro by downregulating ACSL4]. Nan Fang Yi Ke Da
113. Liu CY, Wang M, Yu HM, Han FX, Wu QS, Cai XJ, Kuri- Xue Xue Bao. 2024;44(11):2131-2136. doi pubmed
hara H, et al. Ferroptosis is involved in alcohol-induced 127.Ye Z, Hu Q, Zhuo Q, Zhu Y, Fan G, Liu M, Sun Q, et al.
cell death in vivo and in vitro. Biosci Biotechnol Bio- Abrogation of ARF6 promotes RSL3-induced ferroptosis
chem. 2020;84(8):1621-1628. doi pubmed and mitigates gemcitabine resistance in pancreatic cancer
114. Xue W, Guo N, Shan L, Zhang Z, Sun Y, Wang Y, Fang cells. Am J Cancer Res. 2020;10(4):1182-1193. pubmed
X, et al. Caveolin-1 protects against liver injury and lipid 128. Hu Z, Yin Y, Jiang J, Yan C, Wang Y, Wang D, Li L. Exo-

accumulation in alcoholic fatty liver via ferroptosis resist-
ance. Mol Immunol. 2025;181:53-65. doi pubmed

somal miR-142-3p secreted by hepatitis B virus (HBV)-
hepatocellular carcinoma (HCC) cells promotes ferrop-

Articles © The authors | Journal compilation © Gastroenterol Res and Elmer Press Inc™ | = https:/gr.elmerpub.com 15


https://www.doi.org/10.1038/s41420-023-01621-9
http://www.ncbi.nlm.nih.gov/pubmed/37644041
https://www.doi.org/10.1016/j.cmet.2024.07.013
http://www.ncbi.nlm.nih.gov/pubmed/39142286
https://www.doi.org/10.1016/j.envpol.2024.124590
http://www.ncbi.nlm.nih.gov/pubmed/39043312
https://www.doi.org/10.1016/j.envres.2020.109824
http://www.ncbi.nlm.nih.gov/pubmed/32593899
http://www.ncbi.nlm.nih.gov/pubmed/32593899
https://www.doi.org/10.1097/HC9.0000000000000684
https://www.doi.org/10.1097/HC9.0000000000000684
http://www.ncbi.nlm.nih.gov/pubmed/40377498
https://www.doi.org/10.1016/j.ecoenv.2024.116553
http://www.ncbi.nlm.nih.gov/pubmed/38850699
http://www.ncbi.nlm.nih.gov/pubmed/38850699
https://www.doi.org/10.3390/ijms22158221
http://www.ncbi.nlm.nih.gov/pubmed/34360999
https://www.doi.org/10.3390/biomedicines6040106
http://www.ncbi.nlm.nih.gov/pubmed/30424581
https://www.doi.org/10.3390/biomedicines12071505
http://www.ncbi.nlm.nih.gov/pubmed/39062078
https://www.doi.org/10.1007/s00018-022-04239-9
http://www.ncbi.nlm.nih.gov/pubmed/35325321
https://www.doi.org/10.1038/s41420-023-01608-6
http://www.ncbi.nlm.nih.gov/pubmed/37626043
https://www.doi.org/10.5152/tjg.2024.24159
http://www.ncbi.nlm.nih.gov/pubmed/39412359
https://www.doi.org/10.1080/09168451.2020.1763155
http://www.ncbi.nlm.nih.gov/pubmed/32419644
https://www.doi.org/10.1016/j.molimm.2025.02.012
http://www.ncbi.nlm.nih.gov/pubmed/40073697
https://www.doi.org/10.1038/s41419-020-2334-2
http://www.ncbi.nlm.nih.gov/pubmed/32094346
https://www.doi.org/10.2147/DDDT.S497817
http://www.ncbi.nlm.nih.gov/pubmed/39816848
https://www.doi.org/10.1016/j.cbi.2023.110439
http://www.ncbi.nlm.nih.gov/pubmed/36878459
https://www.doi.org/10.3724/zdxbyxb-2024-0566
http://www.ncbi.nlm.nih.gov/pubmed/39757742
https://www.doi.org/10.1016/j.surg.2024.02.001
http://www.ncbi.nlm.nih.gov/pubmed/38508920
http://www.ncbi.nlm.nih.gov/pubmed/38508920
https://www.doi.org/10.1038/s41419-023-06294-x
http://www.ncbi.nlm.nih.gov/pubmed/38065978
http://www.ncbi.nlm.nih.gov/pubmed/38065978
https://www.doi.org/10.1016/j.jep.2024.118456
http://www.ncbi.nlm.nih.gov/pubmed/38878839
https://www.doi.org/10.1016/j.canlet.2020.12.019
http://www.ncbi.nlm.nih.gov/pubmed/33340617
https://www.doi.org/10.14218/JCTH.2022.00255
http://www.ncbi.nlm.nih.gov/pubmed/36406319
https://www.doi.org/10.1038/s41401-020-0439-x
http://www.ncbi.nlm.nih.gov/pubmed/32541921
https://www.doi.org/10.1038/s41401-020-0478-3
http://www.ncbi.nlm.nih.gov/pubmed/32699265
https://www.doi.org/10.12122/j.issn.1673-4254.2024.11.09
http://www.ncbi.nlm.nih.gov/pubmed/39623268
http://www.ncbi.nlm.nih.gov/pubmed/32368394

ACSL4 in Liver Injury

Gastroenterol Res.2026;19(1):1-17

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

16

tosis of M1-type macrophages through SLC3A2 and the
mechanism of HCC progression. J Gastrointest Oncol.
2022;13(2):754-767. doi pubmed

geting Acyl-CoA synthetase 4 reduces breast and prostate
tumor growth, therapeutic resistance and steroidogenesis.
Cell Mol Life Sci. 2021;78(6):2893-2910. doi pubmed

Zhang H, Zhang E, Hu H. Role of Ferroptosis in Non- 141. Tsoi H, You CP, Cheung KH, Tse YS, Khoo US. The
Alcoholic Fatty Liver Disease and Its Implications for splice variant of the NCOR2 Gene BQ323636.1 modu-
Therapeutic Strategies. Biomedicines. 2021;9(11). doi lates ACSL4 expression to enhance fatty acid metabolism
pubmed and support of tumor growth in breast cancer. Int ] Mol
Askari B, Kanter JE, Sherrid AM, Golej DL, Bender AT, Sci. 2025;26(11). doi pubmed
Liu J, Hsueh WA, et al. Rosiglitazone inhibits acyl-CoA 142. Ren T, Shi J, Zhuang L, Su R, Lai Y, Yang N. ACSL4
synthetase activity and fatty acid partitioning to diacylg- Drives C5a/C5aR1-calcium-induced fibroblast-to-myofi-
lycerol and triacylglycerol via a peroxisome proliferator- broblast transition in a bleomycin-induced mouse model
activated receptor-gamma-independent mechanism in of pulmonary fibrosis. Biomolecules. 2025;15(8). doi
human arterial smooth muscle cells and macrophages. pubmed
Diabetes. 2007;56(4):1143-1152. doi pubmed 143. Xu L, Wei H, Shang Y, Yang Q. Association of elevated
Huang Q,RuY, Luo Y, Luo X, Liu D, MaY, Zhou X, et al. ACSL4 expression with impaired endometrial receptiv-
Identification of a targeted ACSL4 inhibitor to treat fer- ity in endometriosis and restoration by ACSL4 inhibitor
roptosis-related diseases. Sci Adv. 2024;10(13):eadk1200. PRGLA493. J Reprod Immunol. 2025;171:104630. doi
doi pubmed pubmed
Dechandt CRP, Zuccolotto-Dos-Reis FH, Teodoro BG, 144. Guo F,LuY, Du L, Guo X, Xie J, Cai X. ACLS4 could be
Fernandes A, Eberlin MN, Kettelhut IC, Curti C, et al. a potential therapeutic target for severe acute pancreatitis.
Triacsin C reduces lipid droplet formation and induces Sci Rep. 2024;14(1):13457. doi pubmed
mitochondrial biogenesis in primary rat hepatocytes. 145. Qi C, Cao B, Gong Z, Zhang W, Yang P, Qin H, Zhao
J Bioenerg Biomembr. 2017;49(5):399-411. doi pubmed Y, et al. SLC35C2 promotes stemness and progression in
Grube J, Woitok MM, Mohs A, Erschfeld S, Lynen C, hepatocellular carcinoma by activating lipogenesis. Cell
Trautwein C, Otto T. ACSL4-dependent ferroptosis does Signal. 2025;127:111589. doi pubmed
not represent a tumor-suppressive mechanism but ACSL4 146. Wang C,Yu L, LiY, Zhang J, Li X, Yang L, Yang L, et al.
rather promotes liver cancer progression. Cell Death Dis. Neutrophil-derived TNF-alpha triggers ACSL4-mediated
2022;13(8):704. doi pubmed lipid peroxidation in post-hepatectomy liver injury. Int
Wu L, Lai W, Li L, Yang S, Li F, Yang C, Gong X, et al. Immunopharmacol. 2026;168(Pt 2):115851. doi pubmed
Autophagy regulates ferroptosis-mediated diabetic liver 147. Jiang Y, Zhang M, Sun M. ACSL4 at the helm of the lipid
injury by modulating the degradation of ACSL4. J Diabe- peroxidation ship: a deep-sea exploration towards ferrop-
tes Res. 2024;2024:7146054. doi pubmed tosis. Front Pharmacol. 2025;16:1594419. doi pubmed
Zhao Y, Wang Q, Zhu J, Cai J, Feng X, Song Q, Jiang 148. Li R, Yan X, Xiao C, Wang T, Li X, Hu Z, Liang J, et
H, et al. Identification of KW-2449 as a dual inhibitor of al. FTO deficiency in older livers exacerbates ferropto-
ferroptosis and necroptosis reveals that autophagy is a tar- sis during ischaemia/reperfusion injury by upregulating
getable pathway for necroptosis inhibitors to prevent fer- ACSL4 and TFRC. Nat Commun. 2024;15(1):4760. doi
roptosis. Cell Death Dis. 2024;15(10):764. doi pubmed pubmed
Qian ZB, Li JF, Xiong WY, Mao XR. Ferritinophagy: 149. Chen X, Zhu S, Li HD, Wang JN, Sun LJ, Xu JJ, Hui YR,
A new idea for liver diseases regulated by ferroptosis. et al. N(6)-methyladenosine-modified circIRF2, identi-
Hepatobiliary Pancreat Dis Int. 2024;23(2):160-170. doi fied by YTHDF2, suppresses liver fibrosis via facilitat-
pubmed ing FOXO3 nuclear translocation. Int J Biol Macromol.
Li Y, Feng D, Wang Z, Zhao Y, Sun R, Tian D, Liu D, 2023;248:125811. doi pubmed
et al. Ischemia-induced ACSL4 activation contributes to 150. Zhu L, Luo S, Zhu Y, Tang S, Li C, Jin X, Wu F, et al.
ferroptosis-mediated tissue injury in intestinal ischemia/ The emerging role of ferroptosis in various chronic liv-
reperfusion. Cell Death Differ. 2019;26(11):2284-2299. er diseases: opportunity or challenge. J Inflamm Res.
doi pubmed 2023;16:381-389. doi pubmed
Feng J, Bin JL, Liao XW, Wu Y, Tang Y, Lu PZ, Zhu GZ, 151. Wang N, Que H, Luo Q, Zheng W, Li H, Wang Q, Gu J.
et al. The prognostic role of ACSL4 in postoperative ad- Mechanisms of ferroptosis in nonalcoholic fatty liver dis-
juvant TACE-treated HCC: implications for therapeutic ease and therapeutic effects of traditional Chinese medi-
response and mechanistic insights. J Exp Clin Cancer cine: a review. Front Med (Lausanne). 2024;11:1356225.
Res. 2024;43(1):306. doi pubmed doi pubmed
Toshida K, Itoh S, Iseda N, Tomiyama T, Yoshiya S, 152. Feng X, Wang Y, Zhu C, Huai Q, Cui J. Porphyromonas
Toshima T, Liu YC, et al. Impact of ACSL4 on the prog- gingivalis aggravates alcohol-related liver injury via gut
nosis of hepatocellular carcinoma: Association with microbiome-HO-1-ACSL4-dependent ferroptosis. Front
cancer-associated fibroblasts and the tumour immune Microbiol. 2025;16:1554703. doi pubmed
microenvironment. Liver Int. 2024;44(4):1011-1023. doi 153. Pan Y, Tang P, Cao J, Song Q, Zhu L, Ma S, Zhang J.
pubmed Lipid peroxidation aggravates anti-tuberculosis drug-in-
Castillo AF, Orlando UD, Maloberti PM, Prada JG, Dat- duced liver injury: Evidence of ferroptosis induction. Bi-
tilo MA, Solano AR, Bigi MM, et al. New inhibitor tar- ochem Biophys Res Commun. 2020;533(4):1512-1518.
Articles © The authors | Journal compilation © Gastroenterol Res and Elmer Press Inc™ | = https:/gr.elmerpub.com


https://www.doi.org/10.21037/jgo-21-916
http://www.ncbi.nlm.nih.gov/pubmed/35557596
https://www.doi.org/10.3390/biomedicines9111660
http://www.ncbi.nlm.nih.gov/pubmed/34829889
http://www.ncbi.nlm.nih.gov/pubmed/34829889
https://www.doi.org/10.2337/db06-0267
http://www.ncbi.nlm.nih.gov/pubmed/17259370
https://www.doi.org/10.1126/sciadv.adk1200
https://www.doi.org/10.1126/sciadv.adk1200
http://www.ncbi.nlm.nih.gov/pubmed/38552012
https://www.doi.org/10.1007/s10863-017-9725-9
http://www.ncbi.nlm.nih.gov/pubmed/28918598
https://www.doi.org/10.1038/s41419-022-05137-5
http://www.ncbi.nlm.nih.gov/pubmed/35963845
https://www.doi.org/10.1155/jdr/7146054
http://www.ncbi.nlm.nih.gov/pubmed/39741964
https://www.doi.org/10.1038/s41419-024-07157-9
http://www.ncbi.nlm.nih.gov/pubmed/39433736
https://www.doi.org/10.1016/j.hbpd.2023.10.005
http://www.ncbi.nlm.nih.gov/pubmed/37903710
http://www.ncbi.nlm.nih.gov/pubmed/37903710
https://www.doi.org/10.1038/s41418-019-0299-4
https://www.doi.org/10.1038/s41418-019-0299-4
http://www.ncbi.nlm.nih.gov/pubmed/30737476
https://www.doi.org/10.1186/s13046-024-03222-5
http://www.ncbi.nlm.nih.gov/pubmed/39563427
https://www.doi.org/10.1111/liv.15839
http://www.ncbi.nlm.nih.gov/pubmed/38293713
http://www.ncbi.nlm.nih.gov/pubmed/38293713
https://www.doi.org/10.1007/s00018-020-03679-5
http://www.ncbi.nlm.nih.gov/pubmed/33068124
https://www.doi.org/10.3390/ijms26114989
http://www.ncbi.nlm.nih.gov/pubmed/40507798
https://www.doi.org/10.3390/biom15081106
http://www.ncbi.nlm.nih.gov/pubmed/40867551
http://www.ncbi.nlm.nih.gov/pubmed/40867551
https://www.doi.org/10.1016/j.jri.2025.104630
http://www.ncbi.nlm.nih.gov/pubmed/40763450
http://www.ncbi.nlm.nih.gov/pubmed/40763450
https://www.doi.org/10.1038/s41598-024-63898-9
http://www.ncbi.nlm.nih.gov/pubmed/38862656
https://www.doi.org/10.1016/j.cellsig.2025.111589
http://www.ncbi.nlm.nih.gov/pubmed/39765278
https://www.doi.org/10.1016/j.intimp.2025.115851
http://www.ncbi.nlm.nih.gov/pubmed/41252768
https://www.doi.org/10.3389/fphar.2025.1594419
http://www.ncbi.nlm.nih.gov/pubmed/40932861
https://www.doi.org/10.1038/s41467-024-49202-3
http://www.ncbi.nlm.nih.gov/pubmed/38834654
http://www.ncbi.nlm.nih.gov/pubmed/38834654
https://www.doi.org/10.1016/j.ijbiomac.2023.125811
http://www.ncbi.nlm.nih.gov/pubmed/37467831
https://www.doi.org/10.2147/JIR.S385977
http://www.ncbi.nlm.nih.gov/pubmed/36748023
https://www.doi.org/10.3389/fmed.2024.1356225
https://www.doi.org/10.3389/fmed.2024.1356225
http://www.ncbi.nlm.nih.gov/pubmed/38590315
https://www.doi.org/10.3389/fmicb.2025.1554703
http://www.ncbi.nlm.nih.gov/pubmed/40241734
https://www.doi.org/10.1016/j.bbrc.2020.09.140

Liang et al

Gastroenterol Res.2026;19(1):1-17

154.

155.

doi pubmed

Jaeschke H, Ramachandran A. Ferroptosis and intrinsic
drug-induced liver injury by acetaminophen and other
drugs: a critical evaluation and historical perspective.
J Clin Transl Hepatol. 2024;12(12):1057-1066. doi pub-
med

Tian X, Wu L, Li X, Zheng W, Zuo H, Song H. Exosomes
derived from bone marrow mesenchymal stem cells al-
leviate biliary ischemia reperfusion injury in fatty liver

156.

157.

transplantation by inhibiting ferroptosis. Mol Cell Bio-
chem. 2024;479(4):881-894. doi pubmed

Li L, Zhu Z. Pharmacological modulation of ferroptosis
as a therapeutic target for liver fibrosis. Front Pharmacol.
2022;13:1071844. doi pubmed

Zhang P, Wang T, Zhu N, Zhuang F, Ding D, Wang P.
CIITA was involved in regulating ACSL4-dependent fer-
roptosis in gastric cancer cells. Mol Cell Biochem. 2025.
doi pubmed

Articles © The authors | Journal compilation © Gastroenterol Res and Elmer Press Inc™ | = https:/gr.elmerpub.com 17


https://www.doi.org/10.1016/j.bbrc.2020.09.140
http://www.ncbi.nlm.nih.gov/pubmed/33121683
https://www.doi.org/10.14218/JCTH.2024.00324
http://www.ncbi.nlm.nih.gov/pubmed/39649034
http://www.ncbi.nlm.nih.gov/pubmed/39649034
https://www.doi.org/10.1007/s11010-023-04770-8
http://www.ncbi.nlm.nih.gov/pubmed/37243945
https://www.doi.org/10.3389/fphar.2022.1071844
http://www.ncbi.nlm.nih.gov/pubmed/36703745
https://www.doi.org/10.1007/s11010-025-05411-y
https://www.doi.org/10.1007/s11010-025-05411-y
http://www.ncbi.nlm.nih.gov/pubmed/41114762

