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Fatty acid activation in carcinogenesis and cancer development:
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Abstract. The significance of fatty acid metabolism in cancer
initiation and development is increasingly accepted by scien-
tists and the public due to the high prevalence of overweight
and obese individuals. Fatty acids have different turnovers
in the body: Either breakdown into acetyl-CoA to aid ATP
generation through catabolic metabolism or incorporation into
triacylglycerol and phospholipid through anabolic metabolism.
However, these two distinct pathways require a common initial
step known as fatty acid activation. Long-chain acyl-CoA
synthetases (ACSLs), which are responsible for activation
of the most abundant long-chain fatty acids, are commonly
deregulated in cancer. This deregulation is also associated
with poor survival in patients with cancer. Fatty acids physi-
ologically regulate ACSL expression, but cancer cells could
hijack certain involved regulatory mechanisms to deregulate
ACSLs. Among the five family isoforms, ACSL1 and ACSL4
are able to promote ungoverned cell growth, facilitate tumor
invasion and evade programmed cell death, while ACSL3
may have relatively complex functions in different types of
cancer. Notably, ACSL4 is also essential for the induction of
ferroptosis (another form of programmed cell death) by facili-
tating arachidonic acid oxidation, which makes the enzyme
a desirable cancer target. The present review thus evaluates
the functions of deregulated ACSLs in cancer, the possible
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molecular mechanisms involved and the chemotherapeutic
potentials to target ACSLs. A better understanding of the
pathological effects of ACSLs in cancer and the involved
molecular mechanisms will aid in delineating the exact role of
fatty acid metabolism in cancer and designing precise cancer
prevention and treatment strategies.
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1. Introduction

Fatty acids are essential nutrients, either obtained externally
from daily meals or derived internally from de novo synthesis
and breakdown of cellular triacylglycerol (TAG) and phos-
pholipid. As important building blocks of the body, they
also participate in energy metabolism and cellular signaling
pathways to maintain physiological functions. However, dereg-
ulated fatty acid metabolism favoring excess lipid biosynthesis
and deposition eventually predisposes the body to metabolic
disorders and carcinogenesis.

Fatty acids have different turnovers in the body (Fig. 1).
They can break down through a series of mitochondrial
[-oxidation processes into acetyl-CoA, which then enters the
tricarboxylic acid cycle to aid ATP generation. Alternatively,
fatty acids can be incorporated into TAG, phospholipids
or cholesterol esters. It is noteworthy that the two distinct
pathways require a common initial step known as fatty acid
activation by acyl-CoA synthetase (ACS) (1,2). Long-chain
ASCs (ACSLs) are essential enzymes for the activation of the



TANG et al: FATTY ACID ACTIVATION BY ACSLs IN CANCER

most abundant long-chain fatty acids (12-20 carbons) (2,3). By
contrast, fatty acids with <6 carbons (e.g., acetate, propionate
and butyrate) are activated by short-chain ACSs (ACSS) and
fatty acids with 6-10 carbons are activated by medium-chain
ACSs, while very long-chain fatty acids (>20 carbons) are
activated by very long-chain ACSs (1-3).

Five isoforms of ACSLs, namely ACSL1, ACSL3, ACSL4,
ACSL5 and ACSL6, are present in mammals, and they have
overlapping but specific roles in the activation of long-chain
fatty acids. Individual ACSL isoforms may have preferred
substrates for activation, dependent on the chain length and
saturation status of fatty acids (1,2). For example, ACSL3
and ACSL4 can activate polyunsaturated fatty acids (PUFA),
but ACSL3 prefers oleic acid, whereas ACSL4 favors arachi-
donic acid (AA) and adrenic acid (1,2).

Recent pathological studies have found the abnormal expres-
sion of ACSLs in cancer tissues in comparison to neighboring
non-cancerous tissues (2,3), as discussed below. Furthermore,
their oncogenic roles and certain involved molecular mecha-
nisms have been unveiled. The present review thus focuses on
ACSLs, evaluating the recent evidence of the pathological func-
tions of ACSLs in carcinogenesis and cancer development, and
discussing the chemotherapeutic potential of targeting ACSLs.

2. Subcellular localization and physiological functions of
ACSLs

ACSL-mediated fatty acid activation contributes to the two
distinct pathways of anabolic lipid biosynthesis and catabolic
fatty acid oxidation. The manner in which cells adapt to
channel fatty acids into the distinct anabolic or catabolic path-
ways is currently poorly understood. Certain early hypotheses
suggested that the subcellular localization of ACSLs and
specified fatty acid transportation system may contribute to
channeling fatty acids into different turnovers (1,2,4). Fig. 2
depicts a mitochondrion, where ACSL1, ACSL4 and ACSL5
localize and support fatty acid synthesis and -oxidation, and
a peroxisome, where ACSL1 and ACSL4 are involved in alkyl
lipid biosynthesis and [3-oxidation. ACSL1, ACSL3 and ACSL4
have also been found to reside in the endoplasmic reticulum
(ER), facilitating glycerolipid synthesis and w-oxidation (a
minor pathway for medium-chain fatty acids in the normal
physiological condition, but an alternative pathway when
[(-oxidation is defective). In addition, ACSL3 in lipid droplets
may aid neutral lipid synthesis and lipid droplet formation (5).

Tissue-specific loss-of-function studies are particularly
useful to unveil the physiological function of individual ACSL
isoforms. The majority of studies have focused on ACSL1, the
founding member of the ACSL family. Liver-specific knockout
of ACSL1 reduced TAG synthesis and fatty acid oxidation (6).
In contrast, adipose-specific (7), skeletal muscle-specific (8)
or heart-specific (9) knockout of ACSLI exhibited common
phenotypes of decreased fatty acid oxidation alone. In
addition, transgenic mice with all-tissue ACSL5-knockout
exhibited decreased adiposity and increased energy expendi-
ture, indicating its major role in fatty acid biosynthesis and
deposition (10). Thus, the specific role of ACSL5 may be
different from that of ACSLI. However, for the remaining
ACSL isoforms, there are no such loss-of-function mouse
models available.
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Figure 1. Acyl-CoA synthetases-mediated fatty acid activation is involved
in two distinct lipid metabolism pathways. ACSS, short-chain acyl-CoA
synthetase; ACSM, medium-chain acyl-CoA synthetase; ACSL, long-chain
acyl-CoA synthetase; ACSVL, very long-chain acyl-CoA synthetase.
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Figure 2. Subcullular localization and function of ACSL isoforms. ACSL
members reside in different subcellular organelles to channel fatty acids into
two distinct metabolic pathways. The white arrows refer to channeling to
anabolic metabolism, while the black arrows refer to catabolic metabolism.
ACSL, long-chain acyl-CoA synthetase.

Taken together, these results suggest that ACSLs are
important for fatty acid metabolism. Whether individual ACSL
isoforms channel fatty acids toward anabolic metabolism or
catabolic metabolism may be dependent on their subcellular
localization and interaction with specific fatty acid transporta-
tion systems. It is also possible that certain compositions of
fatty acids could affect the expression and localization of
ACSL isoforms in physiological and pathological conditions.

3. Deregulated expression of ACSLs in clinical cancer

Accumulating findings have demonstrated that almost all
ACSL members are deregulated in clinical cancer and that
a number are associated with poor patient survival. The
expressional changes of ASCLs in different types of cancer
are summarized in Fig. 3, with the asterisk marks indicating
statistically significant associations with patient prognosis.
Upregulation of ACSLI was found in multiple types of cancer,
including colon (11,12), breast (13) and liver (14,15) cancer,
and myeloma (16), while downregulation was found in lung
squamous cell carcinoma (17). More importantly, ACSLI
overexpression was associated with a poor clinical outcome in
colon cancer patients (18). Like those of ACSLI, the majority
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Figure 3. Deregulated ACSL expression in cancer. The expressional changes
of individual ACSL isoforms in different types of cancer were summarized.
The asterisk indicates statistically significant associations with poor cancer
survival outcomes. ACSL, long-chain acyl-CoA synthetase.

of studies of ACLS4 favor an oncogenic role. ACSL4 has been
shown to be overexpressed in multiple cancer types, including
colon (11,19), breast (20), liver (21-23) and prostate (24) cancer,
while another study has shown its downregulation in gastric
cancer (25). In terms of patient survival outcome, ACSL4 over-
expression predicted poorer patient survival in stage II colon
cancer [together with upregulated stearoyl-CoA desaturase
(SCD)] (12) and in liver cancer (together with downregulated
growth arrest and DNA damage inducible ) (21).

By contrast, ACSL5 appears to exhibit the opposite func-
tion in cancer. ACSL5 was downregulated in colon (26) and
breast (27) cancer, where ACSL1 and ACSL4 were upregulated.
ACSL5 was also decreased in bladder cancer (28). More impor-
tantly, lower expression of ACSLS in breast cancer was associated
with a worse prognosis (27). An exception was reported in
glioma, where ACSL5 was upregulated (29). One recent study
also demonstrated that fibroblast growth factor receptor 2
(FGFR2)-ACSL5 chimera RNA rendered clinical gastric cancer
cells resistant to treatment with FGFR inhibitors (30).

The role of ACSL3 in cancer is comparatively complex.
ACSL3 was found to be overexpressed in lung cancer (31),
prostate cancer (32) and estrogen receptor-negative breast
cancer (33). Furthermore, its upregulation predicted an unfa-
vorable prognosis in prostate cancer (32). However, opposing
results were also determined in studies conducted in prostate
cancer and breast cancer. The expression of ACSL3 was
decreased in high-grade and metastatic prostate cancer (34).
Homozygous deletion of ACSL3 was found in breast cancer
following chemotherapy, and was associated with increased
risks of recurrence and distant metastasis (35). These contra-
dicting results may suggest that the roles of ACSL3 vary
among the different stages of cancer. Lastly, few studies have
reported on ACSL6 in cancer. Only one case report found
a t(5;12)(q23-31;p13)/ETV6-ACSL6 gene fusion in chronic
leukemia, which rendered cancer cells resistant to treatment
using a tyrosine kinase inhibitor (36).

A recent bioinformatics study (37) utilizing online data-
bases Oncomine (https://www.oncomine.org/resource/login
.html) and PrognoScan (http://www.abren.net/PrognoScan/)
stated certain novel associations between ACSL expression
and cancer survival outcomes. On the one hand, which was in
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line with previous findings (12,18,27), the study showed that
the overexpression of either ACSL1 or ACSL4 was associated
with a poorer prognosis in patients with colon cancer, and that
ACSLS5 downregulation was associated with poor survival in
breast cancer patients. On the other hand, the study suggested
certain novel links. High ACSL1 expression was associated
with worse survival in lung cancer patients and high ACSL3
was associated with worse survival in patients with melanoma.
However, there are also opposing results (37) linking higher
ACSL expression with improved patient survival in multiple
types of cancer, including breast, ovarian, brain and lung
cancer, and acute myeloid leukemia. The dry-lab bioinformatic
approach enabled fast analyses and novel associative findings,
but the obtained results may require further validations using
datasets from the other databases or sources.

Taken together, the results from the majority of studies
supported the fact that ACSL1 and ACSL4 serve oncogenic
roles in the majority of cancer types, whereas ACSL5 may
suppress tumor development. However, the function of ACSL3
in cancer may be dependent on the stages of prostate and
breast cancer. The aforementioned ACSL-knockout transgenic
mice models, alone or cross-bred with other transgenic mice
with known oncogenes [e.g., KRAS proto-oncogene, GTPase
and HBx (hepatitis B virus X-interacting protein), etc.], will be
useful to shed light on the cause-effect function of ACSLs in
carcinogenesis and cancer development.

4. Molecular mechanisms to deregulate ACSL expression
in cancer

ACSLs serve essential roles in fatty acid activation and
metabolism, and their expression is also readily controllable
by intracellular fatty acids in physiological and pathological
conditions. Physiologically, diet-derived fatty acids can
activate several transcription factors, including peroxisome
proliferator-activated receptors o and & (PPARa and PPARJ),
liver X receptors o and B (LXRa and LXRf3), cCAMP response
element-binding and specificity protein 1 (Spl) (13,15,38,39).
These transcription factors can then activate different ACSLs
through direct binding to conserved responsive elements in
the ACSL promoter regions. Pathologically, cancer cells could
hijack these transcriptional mechanisms to upregulate ACSLs,
as evidenced by the following three examples. Firstly, cancer
cells can utilize an epigenetic approach to activate ACSL indi-
rectly. PPARa increases ACSLI1 transcription, but this action
could be repressed by microRNA-9 (miR-9) in the normal
liver. However, liver cancer overexpressed the long non-coding
RNA (IncRNA) known as highly upregulated in liver cancer.
This IncRNA could dampen miR-9 and relieve its suppres-
sion of PPARa expression and consequently turn on ACSLI
transcription (15). Secondly, oncogenes can activate ACSL
transcription indirectly through modulation of the aforemen-
tioned transcription factor. In breast cancer cells, HBx was
reported to act as a co-activator to sensitize Spl-mediated
transcription of ACSL1 (13). Thirdly, hepatitis B virus mutant
large surface protein also increased ACSL3 expression through
induction of ER stress, and this action could promote lipid
biosynthesis and deposition (40). Glycogen synthase kinase 3[3
can also activate ACSL3 in an ER stress-dependent manner,
but the exact mechanism remains unclear.
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Apart from direct regulation of ACSL transcription,
cancer cells can manipulate the mRNA stability of ACSLs
by targeting their 3'-untranslated regions (3'UTR). Previous
studies reported that miR-205 was downregulated in liver
cancer (41) and lung squamous cell carcinoma (17) to augment
ACSL1 mRNA stability, since miR-205 can directly bind to
the 3'UTR of ACSLI1 and facilitate its degradation. A recent
study further showed that DNA polymorphism (rs8086, T/T
genotype) in the 3'UTR of the ACSL1 gene enabled higher
ACSLI expression compared with the corresponding C/T or
C/C genotype. It was suggested that the genotype difference
in 3'UTR may affect the binding affinity of microRNA and
the resultant ACSL1 mRNA stability. More importantly, those
patients with the T/T genotype and colon cancer had a poor
disease-free survival outcome (18). Note that, in liver cancer,
HBx repressed miR-205 expression and consequently increased
ACSL4 mRNA stability (41). It is thus rational to propose that
HBx can activate ACSLI1 using the same mechanism.

Alternatively, protein ubiquitination and the involved prote-
asome degradation pathway is another mechanism to regulate
ACSL expression. Fatty acid AA treatment could enhance
ACSL4 protein ubiquitination and shorten its protein half-life
in HepG?2 cells via a negative feedback loop (42), as AA is the
preferred substrate of ACSL4. By contrast, in breast cancer,
the hormone 17@-estradiol extended the half-life of the ACSL4
protein, and subsequently increased cellular uptake of AA
and eicosapentaenoic acid (43). This 17p-estradiol-mediated
ACSL4 upregulation was found to be essential for the inva-
siveness of estrogen receptor-expressing breast cancer cells.

5. Effects of ACSLs on carcinogenesis and cancer
development

ACSL-mediated lipid anabolism may promote cancer initia-
tion. Silencing of ACSL3 markedly inhibited HCV secretion,
suggesting that phospholipid generation by the ACSL pathway
is involved in the replication and secretion of the hepatitis B
virus and the hepatitis C virus (44). The latter two viruses
are well-known etiologies of liver cancer. Note that cancer is
characterized by 10 hallmarks, including self-sufficiency in
growth signals, deregulated metabolism, tissue invasion and
metastasis, and evasion of programmed cell death (45). Next,
the effects of ACSLs on the relevant cancer hallmarks and the
possible molecular mechanisms involved are summarized.

ACSLs and ungoverned cell proliferation. Fatty acids
promote unchecked cancer cell proliferation directly, by
providing essential biosynthetic and functional intermedi-
ates. Cholesterol supplementation alone enhanced cell
proliferation in liver cancer cells (41). Several studies high-
lighted that ACSLs stimulated proliferation in cancer cells.
Knockdown of ACSLI1, ACSL3 or ACSL4 independently
decreased cell proliferation and anchorage-independent
growth in multiple cancer cells and xenograft tumor growth
in nude mice (11,21,31,43). By contrast, forced overexpres-
sion of these ACSLs increased cell proliferation and tumor
growth (15,20,24,46,47). Furthermore, treatment with a PUFA
analogue triacsin C (a potent inhibitor of ACSL1, ACSL3 and
ACSLA4, but not ACSLS5) or other inhibitors repressed cancer
cell growth in vitro and in vivo (48). Lastly, it was reported
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that blockage of octamer-binding protein 1 binding to ACSL3
enhancer by the use of pyrrole-imidazole polyamides reduced
ACSL3 expression and castration-resistant tumor growth (32).
In general, these findings were in line with the observations
that ACSLs are upregulated in cancer. However, in a few
exceptions, knockdown of ACSL1 or ACSL4 with specific
small interfering RNA promoted lung (37) or gastric (25)
cancer cell growth, respectively, and in vivo xenograft growth
of gastric tumors (25).

ACSLs and deregulated cancer metabolism. It is yet unclear
whether the deregulated expression of ACSLs result from the
increasing demands of the cancerous tissues to metabolize
and store oversupplied lipids. Particularly in those cancer
types that originate from tissues with a higher basal level of
lipid metabolism and deposition (e.g. liver, colon, breast and
prostate cancer), ACSL1 (11-15) and ACSL4 (19-24) were
generally upregulated. These two enzymes participate in
lipid anabolism and catabolism. By contrast, ACSLS5 [another
ACSL member which drives lipid biosynthesis rather than
fatty acid oxidation (10)] was downregulated in breast and
prostate cancer (26,27). It is thus tentative to propose that
ACSLI- and ACSL4-mediated lipid catabolism are useful for
cancer promotion.

Apart from lipid metabolism, ACSL isoforms can also
affect glucose metabolism. ACSL1 overexpression in cancer
was found to increase intracellular acylcarnitine and lower
basal respiration rates, while ACSL4 upregulation decreased
PUFA concentration and promoted glycolysis (11). Combined
expression of ACSL1 and ACSL4 together with SCD enabled
cells to upregulate phospholipids and urea cycle metabolites.
Importantly, the expression level of ACSLs could be altered
when cancer cells shift from anabolic lipid metabolism to
catabolism. ACSL3 was increased in early carcinogenesis
to promote lipid anabolism and deposition, but deceased in
advanced breast and prostate cancer to increase lipid utiliza-
tion (34,35). This shift can promote cancer cell survival and
invasiveness, which will be discussed in detail in the following
sections.

ACSLs and tissue invasion and metastasis. Cancer cell inva-
sion and migration are characteristic for cancer progression,
recurrence and metastasis. Accumulating data have shown
that ACSL1 and ACSL4 could promote cancer cell invasion
and migration in breast and prostate cancer cells (20,24,37,43).
The common epithelial-mesenchymal transition (EMT)
contributes to their actions in cell migration and invasion.
A series of studies conducted in colon cancer further indi-
cated that ACSL1 and ACSL4 may act synergistically on
cancer progression (11). ACSL1 promoted cell invasion, but
ACSLA4 stimulated cell proliferation and migration in colon
cancer cells. The combined overactivation of ACSLs together
with SCD contributed to EMT, cancer invasion and poor
patient survival in patients with stage II colon cancer (11).
Another study also showed that ACSL4-mediated uptake of
fatty acids AA and eicosapentaenoic acid was essential for
17p-estradiol-induced cell migration and invasion in breast
cancer cells (43). By contrast, homozygous deletion of ACSL3
promoted distant metastasis in breast cancer patients following
adjunct chemotherapy treatment (35). In another investigation
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studying how CUB-domain containing protein 1 mechanically
activated high metastatic potency in triple-negative breast
cancer cells (49), ACSL3 was again found to decrease inva-
siveness through increased abundance of lipid droplets and
decreased fatty acid oxidation.

Fatty acids are natural ligands of several nuclear transcrip-
tion factors, e.g., hepatocyte nuclear factor-4a (HNF-4a),
PPARa and retinoic acid X receptor-a. Long-chain acyl-CoA
thioesters, which are products of ACSL-mediated fatty acid
activation, can directly bind to HNF-4a and modulate its
transcriptional activity (50). ACSLs can facilitate HNF-4a
modulation by converting fatty acids to acyl-CoA, while
acyl-CoA thioesterase acts in the opposite manner. These
modulations are dependent on the chain length and saturation
degree of the fatty acyl-CoA thioesters. For example, PUFA
(a-linolenic acid and eicosatrienoic acid) in the physiological
plasma concentration could suppress HNF-4a transcriptional
activity. As HNF-4a is inversely associated with EMT and
[(-catenin signaling activity in liver and colon carcinogen-
esis (51), the ACSL-mediated modulation of HNF-4a activity
could thus promote cell invasion and migration. Furthermore,
ACSL4 could also upregulate cyclooxygenase-2 (COX-2)
expression and synergize with the latter to activate AA
metabolism and cancer cell invasion (47,52).

ACSLs and programmed cell death. Apoptosis and other
forms of programmed cell death are important for cellular
non-immune surveillance to eradicate damaged or mutated
cells during carcinogenesis. However, these defensive actions
can be utilized smartly by the evolved cancer cells to counteract
chemotherapy and other death signals. In general, genetic
inhibition of ACSLs could induce lipotoxicity and cell death
in cancer cells (21,23,31,53,54). Triacsin C treatment reduced
overall ACSL activities and induced cell death in cancer cells,
but forced overexpression of the insensitive ACSLS5, markedly
compensated ACSL activity and rescued cell death induced by
triacsin C (53,55). Importantly, the pro-survival function was
again replicated in ACSS2 (which utilizes short-chain acetate
for fatty acid activation and acetyl-CoA production). ACSS2 is
upregulated in numerous types of cancer (e.g., breast and liver
cancer, and glioblastoma) and is capable of utilizing acetate
as an alternative energy source to support cell survival under
metabolic stress (56). Taken together, these results substanti-
ated the role of ACSLs in cancer cell survival.

Fatty acids, particularly AA (a preferred substrate of
ACSL4), are apoptosis inducers. This was identified by a
landmark study investigating the mechanisms involved in
COX-2 inhibition-induced cell death in colon cancer (57).
Accumulation of unesterified AA, by either exogenous
supplementation in the culture medium or treatment with
triacsin C, resulted in cell death. However, in cancer cells,
the pro-apoptotic activities of unesterified AA could be
neutralized by ACSL4 (which activates AA for esterifica-
tion into TAG) and COX-2 (which facilitates AA to convert
to prostaglandin). Inducible expression of ACSL4 or COX-2
dampened AA accumulation and consequently rescued cell
death (57). Note that these two enzymes have been found to
be upregulated in colon cancer and other types of cancer, and
this study therefore disclosed the oncogenic mechanism of
ACSLA4 in cancer cell survival.
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Unexpectedly, two relevant studies recently reported that
ACSL4 was essential for the induction of ferroptosis, another
form of programmed cell death. Ferroptosis is characterized by
ungoverned lipid peroxidation and it can be prevented by iron
chelators and antioxidants (58,59). The first study (60) screened
lipid species by the use of redox lipidomics approaches in
order to identify potential ferroptosis signals. It was found that
the oxidized form of acyl-AA and acyl-adrenic acid (AdA)
were necessary and essential for ferroptosis. In the process,
ACSL4 facilitated AA and AdA esterification for subsequent
lopoxygenase (LOX)-mediated oxidation. Consistently,
genetic or pharmacological inhibition of ACSL4 could prevent
ferroptosis. The other parallel study (61) utilized two different
genetics methodologies to search for essential genes in ferrop-
tosis execution. The clustered regularly interspaced short
palindromic repeats-based genetic screening approach and the
other transcriptome approach comparing ferroptosis-resistant
and -sensitive cells commonly uncovered ACSL4. ACSL4 was
then confirmed to be necessary and essential in ferroptosis.
These two studies were in line with an earlier report (62)
revealing that ACSL4 may mark the sensitivity of ferroptosis
in breast cancer cell lines.

Taken together, ACSLs may generally render resistance to
fatty acid-induced lipotoxicity and cell death in cancer cells.
However, ACSL4 also enables cells to undergo ferroptosis
through oxidized AA and AdA. Why ACSL4 directs AA
metabolism toward these two distinct pathways (cell survival
and ferroptosis) is unresolved. One question to be raised is
whether there is a threshold of AA concentration to differen-
tiate survival and ferroptosis. In other words, we propose that
ACSLA4 is necessary for fatty acid activation; it can cope with
a low level of AA metabolism and esterify AA to the COX-2
pathway to promote cell survival. However, excess AA induces
Fenton reaction-involved oxidative stress, and the latter may
switch off the COX-2 conversion pathway, but turn on the LOX
oxidation pathway. Tentative post-translational modifications
(probably oxidation of sulfides) of the key amino acids in
these two enzyme proteins may affect their activities. Another
translational question to be answered is whether ferroptosis
inducers can specifically target clinical cancer cells overex-
pressing ACSL4, but safely spare the non-cancerous tissues
with physiological ACSL4 expression in vivo. Considering that
ACSL4 is overexpressed in numerous types of cancer, specific
activation of ferroptosis may be a desirable anticancer strategy.

6. Conclusions

In light of the epidemic of overweight and obese individuals,
excess fatty acid metabolism has increasingly been found to
be associated with metabolic disorders and carcinogenesis.
Based on the evidence examined thus far, ACSL1 and ACSL4
are overexpressed in the majority of cancer types and exhibit
oncogenic activities. These ACSLs can promote unchecked
cancer cell proliferation, switch on deregulated cancer
metabolism, facilitate tumor invasion and metastasis, and
evade programmed cell death. ACSL3 is relatively complex,
with varying expression and function in the different stages
of prostate and breast cancer. By contrast, ACSLS is generally
decreased in those cancer types where ACSL1 and ACSL4
are upregulated. It is thus imperative to clarify the molecular
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mechanisms involved in individual ACSL isoforms and design
targeted therapies in a precision mode. Manipulation of ACSL
activities by genetic or pharmacological approaches (e.g.,
triacsin C to inhibit ACSL1 and ACSL4, but spare ACSLS5) is
theoretically applicable, but the non-specific toxicity cannot
be overlooked due to the importance of fatty acid activation in
physiology. Notably, ACSL4 marks the sensitivity of ferrop-
tosis, making it a desirable target in cancer. Future studies
are necessary to deepen our understanding of ACSL-involved
fatty acid metabolism and carcinogenesis.
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