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Chemoresistance has been a major obstacle to the efficient treatment of cancer.
Recently, targeting lipid metabolism has gained significant attention because of
its roles not only in promoting cancer progression but also in inducing
chemotherapy resistance. Fatty acid synthase (FAS) is the sole enzyme that is
in charge of catalyzing the synthesis of palmitate, a long-chain lipid that is
essential for membrane construction and post-translational modification in
cell biology. Both FAS and its product, palmitate, have been validated as
critical players in mediating or causing chemoresistance in cancers, although
the details remain elusive, requiring further basic studies. In this mini-review, we
provide a brief and concise overview of the basic research on FAS in cancer and its
mechanisms of inducing chemoresistance. More importantly, we summarize and
critically discuss the progress of small-molecule FAS inhibitors, especially those in
clinical trials. While by far, several FAS inhibitors, including denifanstat and
omeprazole, have demonstrated beneficial effects in clinical trials, no
candidate has been approved by the FDA. We concluded here that targeting
FAS is a feasible strategy to overcome chemoresistance, although more
interdisciplinary efforts are needed to identify a potent, specific, and
bioavailable FAS inhibitor for clinical applications.
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1 Introduction

Fatty acid synthase (FAS) is a multifunctional enzyme complex responsible for the de
novo synthesis of long-chain saturated fatty acids, primarily palmitate, using acetyl-CoA
and malonyl-CoA (Fhu and Ali, 2020). FAS is composed of several catalytic domains that
work sequentially to synthesize palmitate, including β-ketoacyl synthase (KS), malonyl/
acetyl transferase (MAT), dehydratase (DH), enoyl reductase (ER), β-ketoacyl reductase
(KR), acyl carrier protein (ACP), and thioesterase (TE) (Herbst et al., 2018). Under normal
physiological conditions, FAS expression is relatively low in most adult tissues due to
dietary fat intake that can meet metabolic needs. However, in many types of cancers,
including breast, prostate, lung, colorectal, and ovarian cancers, FAS is dramatically
upregulated not only to support the rapid progression but also closely involved with
aggressive tumor phenotypes and correlated with poor clinical outcomes (Menendez and
Lupu, 2007; Esslimani-Sahla et al., 2007). This metabolic reprogramming is a hallmark of
cancer, which is characterized by the ability to support proliferative signaling and resist cell
death by reprogramming energy and biosynthetic pathways (Yang et al., 2023; Zhou et al.,
2024; Vanauberg et al., 2023).
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One of the primary functions of FAS in cancer cells is to produce
palmitate, which subsequently serves as a key building block for
membrane phospholipids and lipid-modified proteins (Liu et al.,
2008). Rapidly proliferating tumor cells require constant synthesis of
cellular membranes to support continuous and unleashed cell
division, proliferation, and migration. The palmitate produced by
FAS provides essential lipid components for membrane biogenesis,
which in turn facilitates mitotic progression, cell growth, and
survival. Additionally, palmitate and other lipids derived from
FAS activity contribute to the formation of lipid rafts that play
critical roles in cell signaling, trafficking, and intercellular
communication (Vanauberg et al., 2023).

Beyond its role in membrane synthesis, FAS also supports
energy storage and redox balance in cancer cells. The fatty acids
synthesized by FAS can be esterified into triglycerides and stored
in lipid droplets, serving as a reservoir of energy-rich molecules
that can be mobilized under nutrient-deprived or stress
conditions (Jensen-Urstad and Semenkovich, 2012). This lipid
storage contributes to the metabolic plasticity of cancer cells,
allowing them to survive harsh tumor microenvironments of
hypoxia or intensive oxidative stress, etc (Weng et al., 2024).
Moreover, the reduction of NADPH during fatty acid synthesis
can buffer oxidative stress by maintaining cellular redox
homeostasis, which is another key survival mechanism in
cancer biology (Weng et al., 2024).

In addition to its roles in palmitate production and energy
storage for cancer cells, FAS can also function as a pro-growth and
survival factor for cancer cells, promoting the initiation, progression,
development, and migration of cancers by integrating other critical
signaling pathways. In general, FAS may promote cancers in two
ways, including (1) palmitate-mediated modifications of signaling
lipids or proteins (Louie et al., 2013), and (2) its direct interactions
with other critical signal pathways.

The palmitate generated from FAS may facilitate the
construction of certain signaling lipids, including
lysophosphatidic acids and ceramide-1-phosphate, both of
which closely engage in key signaling pathways that promote
cancer initiation and progression (Arana et al., 2010; Xu, 2019;
Benjamin et al., 2015). Another major role palmitate play is the
protein palmitoylation mediated by palmitoyl CoA, a common
but essential posttranslational modification that can help
improve the binding affinity, stabilize, and transport certain
pro-cancer proteins (Resh, 2013; Zhou et al., 2023). For
example, it has been found that the palmitoylation of
epidermal growth factor receptor (EGFR) can induce tyrosine
kinase inhibitor gefitinib resistance in non-small cell lung cancer
(NSCLC) (Ali et al., 2018). The palmitoylation of Hedgehog
proteins at the N-terminal, influences membrane binding and
regulates the signaling range and efficacy (Buglino and Resh,
2012). In addition to the two aforementioned pivotal proteins,
other key players, such as Wnt and Src, can also undergo
palmitoylation to exert their functions in promoting signaling
transduction and cancer progression (Buglino and Resh, 2012;
Resh, 2017; Resh, 2021). A recent study showed that palmitic acid
from the diet could induce epigenetic changes of intratumoural
Schwann cells, i.e., Set1A/COMPASS activation (Pascual et al.,
2021). It is noteworthy that Set1A/COMPASS activation is
triggered by dietary palmitic acid rather than the de novo

generated by FAS (Pascual et al., 2021), however, we suspect
that it may employ the same mechanism, requiring further
validation.

Another important role for FAS is that it can directly or
indirectly participate in promoting cancer cells’ growth via
regulating specific signaling pathways, although the exact
acting mode remains elusive. A recent study indicated that
FAS is essential in the 2D-to-3D growth transition of breast
cancer cells, via an isocitrate dehydrogenase 1 (IDH1)- and
reactive oxygen species (ROS)-dependent pathways (Bueno
and Quintela-Fandino, 2020). In colorectal cancer, FAS was
found to enhance cancer cells’ proliferation and lymph node
metastasis, causing a poor prognosis (Lu et al., 2019). This cell-
based study also found that FAS can increase ATP production via
suppressing AMP-activated protein kinase (AMPK)/mechanistic
target of rapamycin (mTOR) signals (Lu et al., 2019). Similar
mechanisms were also verified in gastric and ovarian cancers
(Sun et al., 2018; Wagner et al., 2017). Furthermore, FAS
overexpression appears to coordinate with PTEN, a tumor-
suppressing gene, to cause an aggressive phenotype in murine
prostate and prostate cancer patients, although more details are
largely unknown (Bastos et al., 2021). In addition, FAS is able to
regulate epithelial-mesenchymal transition (EMT) of breast
cancer cells via liver fatty acid-binding protein (L-FABP) and
VEGF/VEGFR-2 mediated mechanism (Li et al., 2014a).

However, it should be noted that although current evidence
supports multiple and critical roles of FAS in regulating cancer cell
growth and survival, potentially through modulation of key signaling
pathways, its precise molecular modes of action remain unclear.
Similarly, the mechanistic basis of FAS overexpression in
coordination with PTEN loss is largely unknown. Addressing these
gaps will require in-depth studies integrating pathway dissection,
protein–protein interaction mapping, and advanced lipidomic analyses.

2 FAS confers chemotherapy resistance
in cancers

The development of multidrug resistance (MDR) significantly
limits the efficacy of literally all anticancer treatments and impacts
patients’ survival and quality of life, despite the significant progress of
available and cutting-edge treatments (Wang et al., 2021b; Dong et al.,
2022; Zhao et al., 2024). Drug resistance accounts for approximately
90% of deaths among cancer patients, suggesting an urgent and unmet
clinical need that requires swift action and interdisciplinary effort to
tackle via developing novel therapeutic agents (Cui et al., 2022; Yan
et al., 2024). Previously, it was known that FAS induces drug
resistance via its major role in palmitate production that supports
the survival and proliferation of cancer cells (Liu et al., 2008). Over the
past decade, more details have revealed the involvement of
other functions.

FAS overexpression can cause drug and radiation resistance via
activating DNA repair through the nonhomologous end-joining
(NHEJ) pathway and increasing the expression and activity of
poly(ADP-ribose) polymerase 1 (PARP-1) by the inhibition of
NF-κB and the enhancement of the transcription factor
specificity protein 1 (Sp1) (Wu et al., 2016). FAS was also found
to reverse apoptosis effects and ceramide over-production, both of
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which were induced by doxorubicin, through the inactivation of
caspase 8 and neutral sphingomyelinase that was directly involved in
cellular ceramide synthesis (Liu et al., 2013). In addition, FAS seems
to be able to induce MDR in cancers (Wu et al., 2016; Liu et al.,
2013), especially those DNA-damaging drugs but not microtubule
modulators (Liu et al., 2013). These facts may suggest a common
mechanism, i.e., DNA-damage response such as the upregulation of
PARP-1 due to FAS, which has therapeutic implications to develop
novel combination strategy to treat resistant cancers (Wu
et al., 2014).

A recent study showed that the overexpressed FAS induced anoikis
resistance in gastric cancer via the p-ERK1/2/Bcl-xL pathway, whereas
the silencing of FAS reversed anoikis resistance and retarded the
migration and invasion of gastric cancer cells (Yu et al., 2021). In
tyrosine kinase inhibitor gefitinib-resistant NSCLC PC-9GR cells that
possesses EGFR delE746-A750 mutation, mRNA levels and protein
expressions of both FAS and its regulator sterol regulatory element-
binding transcription factor 1 (SREBF1) were found to be significantly
elevated (Ali et al., 2018). The silencing of EGFR could reverse the
enhanced FAS and SREBF1, suggesting a network of FAS and EGFR,
whichwas then validated by further studywhich showed FAS facilitated
the palmitoylation of EGFR, leading to gefitinib resistance (Ali et al.,
2018). In breast cancer cell line MCF-7-MEK5 with stably EMT
property, FAS was able to regulate the sensitivity of tumor necrosis
factor-α (TNF-α) through modulating TNF receptor 2 (TNFR2) via
lipid rafts and activating Wnt-1/β-catenin signaling pathway that
closely involves in EMT (Li et al., 2014b).

3 FAS as a feasible target validated by
genomic knockdown or knockout

FAS is universally upregulated to meet the needs of cancer cells,
regardless of types, and combat cell death induced by chemotherapy,
leading to drug resistance. Meanwhile, growing evidence has
suggested that the downregulation of FAS, by short hairpin RNA
(shRNA) or small interfering RNA (siRNA), can suppress cancer
phenotype and, importantly, reverse drug resistance in cancers,
providing direct evidence supporting FAS as a feasible target for
cancers. We here listed a few of these studies in different cancer types.

In breast cancer patients with invasive ductal carcinoma, the level
of FAS correlated with metastasis and invasion, while the silence of
FAS in SK-Br-3 cells led to decreased fatty acids and decreased
migration (Xu et al., 2021). Decreased cell viability was also
discovered in breast cancer MCF-7 cells transfected with FAS
siRNA (Pham et al., 2021), and it also sensitized doxorubicin,
accompanied by decreased PARP1 (Wu et al., 2014). FAS
expression status correlates with the malignant phenotype during
breast cancer progression. FAS shRNA treatment reduces the
secretion of vascular endothelial growth factor (VEGF) and
angiogenesis in breast cancer CA1d cells, leading to reduced tumor
growth and a dormant-like phenotype in vivo (Gonzalez-Guerrico
et al., 2016). FAS was upregulated in mantle cell lymphoma Jeko-1,
Mino, SP53 and Rec-1, and its downregulation by FAS inhibitor or
siRNA suppressed cell growth (Gelebart et al., 2012). In addition, FAS
knockout simultaneously downregulate β-catenin whose over-
expression may simultaneously increase FAS, suggesting an
interaction between these two and/or a combination strategy

(Gelebart et al., 2012). Similarly, in liver cancer HepG2 cells, FAS
siRNA treatment leads to decreased cells proliferation and increased
apoptosis mediated by downregulated Bcl-2, upregulated Bax,
caspase-3, and P21, which was also accompanied with decreased
β-catenin and c-Myc (Zhang et al., 2020). In NSCLC A549 cells, FAS
siRNA transfection could reduce the proliferation rate, migration and
invasion ability through reducing ATP and lactic acid productions,
suggesting a connection between fatty acid and glucose metabolism
(Chang et al., 2019). More importantly, FAS siRNA treatment could
inhibit tumor growth in the A549 cells xenograft mouse model
(Chang et al., 2019). FAS upregulation could stimulate the
proliferation and metastasis of colorectal cancer SW480 and
HCT116 cells, while the knockdown of FAS by shRNA reduced
the proliferation and migration (Lu et al., 2019). Similarly, in
colorectal cancer KM20 and HT29 cells, FAS shRNA was able to
suppress the proliferation and colony numbers via attenuating CD-
44/c-Met signal (Zaytseva et al., 2012). Furthermore, the silence of
FAS could reduce the tumor growth and inhibit the metastasis in mice
xenograft models (Zaytseva et al., 2012). FAS also play key role in
retinoblastoma Y79,WERI RB1 cells, and the silence of FAS by siRNA
lead to decreased cell viability and increased apoptosis (Sangeetha
et al., 2015). This study also indicated a close interaction between FAS
and the phosphoinositide 3-kinase (PI3K)/protein kinase B (AKT),
indicating a therapeutic implication via dual-targeting. In uterine
leiomyosarcomas SK-UT-1 cells, the upregulation of FAS appears to
activate the histone methylation of H3K9 (H3K9me3) and acetylation
of H3K27 (H3K27ac), therefore promoting the proliferation, which
can be reversed by FAS siRNA transfection (Guan et al., 2017).
Furthermore, gastric cancer SGC-7901 transfected with FAS siRNA
demonstrated a slower proliferation rate and migration ability than
the non-treated cells (Sun et al., 2018). FAS siRNA treatment
negatively impacted the proliferation and the migration of bladder
carcinomaUMUC3 cells (Yan et al., 2019), 5637 and 253J cells (Zheng
et al., 2016) via inducing apoptosis (Jiang et al., 2012).

The knockdown of FAS could also modulate the sensitivity of
certain chemotherapeutics. In TNBC MDA-MB-231 cells that show
cisplatin-resistant property, FAS siRNA treatment increased
cisplatin sensitivity (Al-Bahlani et al., 2017). Recently, a novel
liposome composed with FAS siRNA and a HER2-targeting fab’
fragment was shown to selectively target HER2+ SK-BR3 andMCF-7
cells, with decreased proliferation and migration (Khan et al., 2020).
FAS levels in melanoma LM16 R cells were found to negatively
correlate with IC50 values of Vemurafenib (an approved BRAF
inhibitor), and the silence of FAS could enhance the cytotoxicity
of PLX4032 to PLX4032-resistant LM16 R cells (Stamatakos
et al., 2021).

The information above taken together strongly suggests that
FAS is a pharmacological target for cancers, including chemo-
resistant cancers.

4 FAS-targeting drug candidates for
overcoming chemoresistance
in cancers

In this section, we summarize and discuss the recent progress of
the development of drug candidates (Figure 1; Table 1) that are
either prominent or active in clinical trials for their application in
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FIGURE 1
The structures of FAS inhibitors.

TABLE 1 FAS inhibitors in combinations show promising therapeutic effects in clinical trials.

Candidates Combinations Clinical status/effects References

Denifanstat Bevacizumab Well-tolerated, favorable safety profile and response signals when combined with bevacizumab Kelly et al. (2023)

Paclitaxel Manageable toxicity and preliminary antitumor activity Falchook et al. (2021)

Enzalutamide Ongoing Beer et al. (2017)

Orlistat NA NA NA

Omeprazole Anthracycline/taxane Promising pathologic complete response Sardesai et al. (2021)

Docetaxel/cisplatin Enhanced antitumor effects Wang et al. (2015)

EGCG NA NA NA

Curcumin Docetaxel Encouraging efficacy results Bayet-Robert et al. (2010)

Resveratrol NA NA NA

Note: NA, not available.
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overcoming chemoresistance in cancers. We also discussed the
challenges each candidate faced.

Denifanstat, previously known as TVB-2640 or ASC40, is an
investigational, oral inhibitor of the FAS KR domain developed
by Sagimet Biosciences. Different with the other inhibitors
discussed below, denifanstat appears to be an optimized
compound and is the only one that has undergone extensive
medicinal chemistry study (a critical step in developing a new
therapeutic agent), and it is possible third-generation of this class
FAS inhibitor according to the disclosed patent (PCT/GB2007/
004920, titled “Sulfonamide derivatives for therapeutic use as
fatty acid synthase inhibitors”).

Denifanstat shows potency in impairing membrane
synthesis, energy homeostasis, and oncogenic lipid signaling
mediated by FAS inhibition, making it a compelling
candidate. In TNBC brain metastases, combining denifanstat
with topoisomerase inhibitor SN-38 suppressed tumor
progression more effectively than either agent alone by
simultaneously targeting angiogenesis and metabolic
reprogramming (Serhan et al., 2024). In clinical settings,
denifanstat has shown encouraging results, especially in
combination regimens. A first-in-human Phase 1 study
(NCT02223247) evaluated denifanstat as monotherapy and in
combination with paclitaxel in patients with advanced solid
tumors, revealing manageable toxicity and preliminary
antitumor activity, with notable responses in patients
harboring KRAS mutations (Falchook et al., 2021). Building
on this, a Phase 2 trial (NCT03808558) is ongoing to investigate
the single use of denifanstat in KRAS-mutant NSCLC (Salgia
et al., 2021). In another Phase 2 study (NCT03032484),
denifanstat was administered with bevacizumab targeting
vascular endothelial growth factor A (VEGF-A) in patients
with recurrent high-grade astrocytomas, including
glioblastoma, targeting both metabolic and angiogenic
pathways, and the results showed that the combination was
safe and promising signals were detected in treated patients,
warranting further study (Kelly et al., 2023). Additionally, a
Phase 1b trial (NCT05743621) is evaluating denifanstat with
enzalutamide (an androgen receptor inhibitor) in metastatic
castration-resistant prostate cancer (mCRPC) (Beer et al.,
2017); however, no further details of its outcomes have been
revealed. Denifanstat represents the first orally active and
specific FAS inhibitor, although very few preclinical results
have been published. Further basic and preclinical studies as
well as its combinations with other anticancer agents should be
largely exploited for its role and applications in reversing
chemoresistance, including the cutting-edge immunotherapy.

Orlistat, a well-known anti-obesity drug approved by the
FDA and reproposed as a FAS TE domain inhibitor, has been
studied in multiple preclinical cancer studies to enhance
chemotherapy efficacy. In prostate cancer models, Orlistat
combined with docetaxel led to synergistic inhibition of tumor
cell proliferation and increased apoptosis by blocking lipid
biosynthesis, promoting proapoptotic caspase activation, and
enhancing microtubule stabilization, which was also
independent of ABCB1 (Souchek et al., 2023; Souchek et al.,
2017). In colon cancer, co-treatment with oxaliplatin and Orlistat
significantly reduced tumor growth and induced autophagy

through cell cycle arrest and increased apoptosis, indicating a
metabolic vulnerability exploited by dual therapy (Zhang et al.,
2022). In pancreatic cancer cells, combining Orlistat with
gemcitabine induced endoplasmic reticulum stress, increased
DNA damage, and reduced cell viability by interfering with
fatty acid metabolism and nucleotide biosynthesis (Tadros
et al., 2017). However, currently, no active clinical trials using
orlistat are scheduled for cancers. We suspected that it may not be
potent enough to achieve favorable treatment outcomes since it is
originally a drug to treat obesity. Plus, orlistat is not a specific
FAS inhibitor but rather a lipase inhibitor that reduces the overall
absorption of fatty acids. Another issue for orlistat is the low
bioavailability due to high lipophilicity. Therefore, further
structural modifications are needed to address these issues.
Despite the challenges, since orlistat is an approved drug,
determining its impact on treatment outcomes in cancer
patients is still meaningful.

Several preclinical studies in the past decade have identified
proton pump inhibitors (PPIs), especially lansoprazole and
omeprazole, as potential FAS TE domain inhibitors (Wang et al.,
2021a; Fako et al., 2015). These studies demonstrated that PPIs can
bind to and inhibit the TE domain of FAS, leading to disrupted
palmitate synthesis, impaired lipid homeostasis, and induction of
apoptosis via disturbing DNA repair pathways in cancer cells (Wang
et al., 2021a; Fako et al., 2015). In breast, prostate, and colon cancer
models, PPI treatment reduced FAS activity, induced DNA damage,
and suppressed tumor cell proliferation (Beebe et al., 2022; Fako
et al., 2015). A Phase 1/2 clinical trial (NCT01069081) demonstrated
that high-dose PPIs, including omeprazole, improved outcomes in
metastatic breast cancer patients when added to chemotherapy, by
reducing tumor acidity and enhancing drug uptake (Wang et al.,
2015). In a Phase 2 trial (NCT02595372) of operable TNBC,
omeprazole was safely administered before and during
neoadjuvant chemotherapy, leading to a high pathologic
complete response (pCR) rate of 72.4% in FAS-overexpressing
patients (Sardesai et al., 2021). Omeprazole significantly reduced
FAS expression and activity, with no severe toxicities, supporting its
potential as a metabolic sensitizer in TNBC treatment (Sardesai
et al., 2021). Large-scale clinical trials in certain FAS-dependent,
-addicted, or -overexpressed cancer patients, including pretreated
patients, are needed to proceed with its final approval as a drug
targeting FAS. Similar to orlistat, omeprazole is not a specific FAS
inhibitor, given that it is originally developed to target and inhibit
the H+/K+-ATPase enzyme, rendering it also a multitargeting agent.
Therefore, its off-target effect should be closely monitored during
clinical trials.

Several prominent natural products have also shown FAS-
targeting or -downregulating effects. However, they are all
multitargeting compounds with multiple potential targets. Since
they can thus serve as tool compounds to study pharmacological
effects, or as hit compounds that can be further structurally modified
to improve specificity and selectivity, they are briefly
discussed below.

Epigallocatechin gallate (EGCG) is the most abundant and
biologically active catechin in green tea, widely recognized for its
antioxidant, anti-inflammatory, and anticancer properties. EGCG
has been shown to directly inhibit FAS, particularly in cancer cells
where FAS is often overexpressed (Wang and Tian, 2001; Puig

Frontiers in Pharmacology frontiersin.org05

Huang et al. 10.3389/fphar.2025.1674752

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1674752


et al., 2008; Relat et al., 2012). EGCG has advanced into early-phase
clinical trials primarily as a chemopreventive or adjuvant therapy.
In a Phase 1 trial (NCT00455416) in patients with early-stage
breast cancer, oral EGCG was found to be safe and well tolerated,
with evidence of FAS downregulation in tumor tissue and
modulation of lipid metabolism (Tuli et al., 2023). In prostate
cancer patients, EGCG-rich green tea extracts reduced prostate-
specific antigen (PSA) levels and markers of oxidative stress in
Phase 2 studies, supporting its role in disease stabilization
(Johnson et al., 2010). Additionally, in colorectal cancer
prevention trials (NCT01360320), EGCG supplementation
reduced the recurrence of adenomas and altered serum lipid
profiles (Stingl et al., 2011). However, EGCG’s low
bioavailability and rapid metabolism remain limitations for
achieving systemic anticancer efficacy (Wang et al., 2022),
warranting further research into synthetic derivatives, such as
those guided by artificial intelligence (AI).

Curcumin is a polyphenolic compound derived from the
spice turmeric (Curcuma longa), which has long been
recognized for its anti-inflammatory, antioxidant, and
anticancer properties. Curcumin has been shown to inhibit
FAS, thereby suppressing tumor progression, metastasis, and
chemoresistance (Zhao et al., 2011; Fan et al., 2014; Fan et al.,
2016; Younesian et al., 2017). Curcumin has been evaluated in
numerous clinical trials, mainly for its safety, chemopreventive
potential, and ability to enhance conventional cancer therapies
(Greil et al., 2018). In a Phase 1/2 trial in patients with advanced
colorectal cancer (NCT00118989), curcumin was well tolerated
up to 3.6 g/day and showed biological activity by modulating
cancer-related biomarkers including cyclin D1, COX-2, and
possibly FAS (Fuentes et al., 2017). In breast cancer patients
(NCT number is not available), curcumin combined with
docetaxel showed an improved clinical response and reduced
inflammation; however, direct measurement of FAS modulation
was not conducted (Bayet-Robert et al., 2010). Additional clinical
studies (NCT00745134, NCT02138955) in pancreatic, prostate,
and head and neck cancers have shown that curcumin can
improve treatment tolerability and reduce tumor-promoting
inflammation and oxidative stress (Panknin et al., 2023).
However, similar as EGCG, curcumin’s poor bioavailability
limits its systemic efficacy (Anand et al., 2007; Lopresti, 2018),
which has prompted the development of enhanced formulations,
e.g., liposomal curcumin, nanoparticles, and curcumin analogs
by conventional medicinal chemistry or AI-driven technology,
that may provide improved FAS inhibition in vivo.

Resveratrol is a natural polyphenol found in grapes, red wine,
peanuts, and several berries, known for its antioxidant, anti-
inflammatory, and chemopreventive properties and has been
identified as an FAS inhibitor (Pandey et al., 2011; Wang et al.,
2019). There are several clinical studies of resveratrol in cancer
(Singh et al., 2015; Howells et al., 2011). In a Phase 1 trial
(NCT00256334) in patients with colorectal cancer, daily
resveratrol (up to 5 g/day) was well tolerated and led to
detectable levels in colon tissue (Nguyen et al., 2009). In patients
with multiple myeloma, resveratrol-enriched extracts were

associated with immune activation and reductions in
inflammatory cytokines (Ren et al., 2025; Bhardwaj et al., 2007).
Despite promising signals, resveratrol’s rapid metabolism and low
oral bioavailability remain barriers to clinical efficacy (Salehi et al.,
2018), requiring studying for specific formulations and synthetic
derivatives or analogs to enhance delivery and metabolic stability.

While EGCG, Curcumin, and Resveratrol have demonstrated
promising in vitro activity in targeting FAS and reversing
chemoresistance, their clinical translation is majorly hampered by
pharmacokinetic limitations. For instance, EGCG’s poor oral
bioavailability and rapid metabolism result in subtherapeutic
plasma and tumor concentrations, which are insufficient for
sustained FAS inhibition, required to resensitize resistant tumor
cells. Similarly, Curcumin’s rapid conjugation and systemic
elimination hinder its ability to modulate lipid metabolism and
apoptosis pathways involved in chemoresistance. Resveratrol’s
instability in plasma limits its capacity to inhibit key survival
proteins such as survivin, which contribute to drug resistance.
Recent formulation strategies, including nanoparticle
encapsulation, liposomal delivery, and structural analog
development, have shown improved tumor targeting and
prolonged systemic exposure, leading to enhanced
chemosensitization in preclinical models. These advances suggest
that overcoming these bioavailability barriers is essential for the
clinical viability of these compounds as FAS-targeted
chemoresistance modulators.

5 Conclusion

FAS has been validated as a druggable target for cancer
treatment due to its essential roles in promoting cancer cell
proliferation and mitigating chemotherapy-induced cell death.
While several clinical candidates have been investigated in
multiple trials, further efforts are needed to develop more specific
and bioactive FAS inhibitors.

Author contributions

LH: Conceptualization, Data curation, Formal Analysis,
Funding acquisition, Investigation, Methodology, Project
administration, Resources, Software, Supervision, Validation,
Visualization, Writing – original draft, Writing – review and
editing. MZ: Conceptualization, Methodology, Writing – original
draft, Writing – review and editing. YX: Conceptualization, Data
curation, Formal Analysis, Funding acquisition, Resources,
Software, Supervision, Validation, Visualization,
Writing – original draft.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Frontiers in Pharmacology frontiersin.org06

Huang et al. 10.3389/fphar.2025.1674752

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1674752


Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial

intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

References

Al-Bahlani, S., Al-Lawati, H., Al-Adawi, M., Al-Abri, N., Al-Dhahli, B., and Al-
Adawi, K. (2017). Fatty acid synthase regulates the chemosensitivity of breast
cancer cells to cisplatin-induced apoptosis. Apoptosis 22, 865–876. doi:10.1007/
s10495-017-1366-2

Ali, A., Levantini, E., Teo, J. T., Goggi, J., Clohessy, J. G., Wu, C. S., et al. (2018). Fatty
acid synthase mediates EGFR palmitoylation in EGFR mutated non-small cell lung
cancer. EMBO Mol. Med. 10, e8313. doi:10.15252/emmm.201708313

Anand, P., Kunnumakkara, A. B., Newman, R. A., and Aggarwal, B. B. (2007).
Bioavailability of curcumin: problems and promises. Mol. Pharm. 4, 807–818. doi:10.
1021/mp700113r

Arana, L., Gangoiti, P., Ouro, A., Trueba, M., and Gomez-Munoz, A. (2010).
Ceramide and ceramide 1-phosphate in health and disease. Lipids Health Dis. 9, 15.
doi:10.1186/1476-511X-9-15

Bastos, D. C., Ribeiro, C. F., Ahearn, T., Nascimento, J., Pakula, H., Clohessy, J., et al.
(2021). Genetic ablation of FASN attenuates the invasive potential of prostate cancer
driven by pten loss. J. Pathol. 253, 292–303. doi:10.1002/path.5587

Bayet-Robert, M., Kwiatkowski, F., Leheurteur, M., Gachon, F., Planchat, E., Abrial,
C., et al. (2010). Phase I dose escalation trial of docetaxel plus curcumin in patients with
advanced and metastatic breast cancer. Cancer Biol. Ther. 9, 8–14. doi:10.4161/cbt.9.1.
10392

Beebe, J., Josephraj, S., Wang, C. J., Danielson, J., Cui, Q., Huang, C., et al. (2022).
Therapeutic activity of the lansoprazole metabolite 5-Hydroxy lansoprazole sulfide in
triple-negative breast cancer by inhibiting the enoyl reductase of fatty acid synthase.
J. Med. Chem. 65, 13681–13691. doi:10.1021/acs.jmedchem.2c00642

Beer, T. M., Armstrong, A. J., Rathkopf, D., Loriot, Y., Sternberg, C. N., Higano, C. S.,
et al. (2017). Enzalutamide in men with chemotherapy-naive metastatic castration-
resistant prostate cancer: extended analysis of the phase 3 PREVAIL study. Eur. Urol. 71,
151–154. doi:10.1016/j.eururo.2016.07.032

Benjamin, D. I., Li, D. S., Lowe, W., Heuer, T., Kemble, G., and Nomura, D. K. (2015).
Diacylglycerol metabolism and signaling is a driving force underlying FASN inhibitor
sensitivity in cancer cells. ACS Chem. Biol. 10, 1616–1623. doi:10.1021/acschembio.
5b00240

Bhardwaj, A., Sethi, G., Vadhan-Raj, S., Bueso-Ramos, C., Takada, Y., Gaur, U., et al.
(2007). Resveratrol inhibits proliferation, induces apoptosis, and overcomes
chemoresistance through down-regulation of STAT3 and nuclear factor-kappaB-
regulated antiapoptotic and cell survival gene products in human multiple myeloma
cells. Blood 109, 2293–2302. doi:10.1182/blood-2006-02-003988

Bueno, M. J., and Quintela-Fandino, M. (2020). Emerging role of fatty acid synthase
in tumor initiation: implications for cancer prevention. Mol. Cell Oncol. 7, 1709389.
doi:10.1080/23723556.2019.1709389

Buglino, J. A., and Resh, M. D. (2012). Palmitoylation of hedgehog proteins. Vitam.
Horm. 88, 229–252. doi:10.1016/B978-0-12-394622-5.00010-9

Chang, L., Fang, S., Chen, Y., Yang, Z., Yuan, Y., Zhang, J., et al. (2019). Inhibition of
FASN suppresses the malignant biological behavior of non-small cell lung cancer cells
via deregulating glucose metabolism and AKT/ERK pathway. Lipids Health Dis. 18, 118.
doi:10.1186/s12944-019-1058-8

Cui, Q., Wang, C., Zeng, L., Zhou, Q. X., and Fan, Y. F. (2022). Editorial: novel small-
molecule agents in overcoming multidrug resistance in cancers. Front. Chem. 10,
921985. doi:10.3389/fchem.2022.921985

Dong, X. D., Zhang, M., Cai, C. Y., Teng, Q. X., Wang, J. Q., Fu, Y. G., et al. (2022).
Overexpression of ABCB1 associated with the resistance to the KRAS-G12C specific
inhibitor ARS-1620 in cancer cells. Front. Pharmacol. 13, 843829. doi:10.3389/fphar.
2022.843829

Esslimani-Sahla, M., Thezenas, S., Simony-Lafontaine, J., Kramar, A., Lavaill, R.,
Chalbos, D., et al. (2007). Increased expression of fatty acid synthase and progesterone
receptor in early steps of human mammary carcinogenesis. Int. J. Cancer 120, 224–229.
doi:10.1002/ijc.22202

Fako, V. E., Wu, X., Pflug, B., Liu, J. Y., and Zhang, J. T. (2015). Repositioning proton
pump inhibitors as anticancer drugs by targeting the thioesterase domain of human
fatty acid synthase. J. Med. Chem. 58, 778–784. doi:10.1021/jm501543u

Falchook, G., Infante, J., Arkenau, H. T., Patel, M. R., Dean, E., Borazanci, E., et al.
(2021). First-in-human study of the safety, pharmacokinetics, and pharmacodynamics
of first-in-class fatty acid synthase inhibitor TVB-2640 alone and with a taxane in
advanced tumors. EClinicalMedicine 34, 100797. doi:10.1016/j.eclinm.2021.100797

Fan, H., Tian, W., and Ma, X. (2014). Curcumin induces apoptosis of HepG2 cells via
inhibiting fatty acid synthase. Target Oncol. 9, 279–286. doi:10.1007/s11523-013-0286-5

Fan, H., Liang, Y., Jiang, B., Li, X., Xun, H., Sun, J., et al. (2016). Curcumin inhibits
intracellular fatty acid synthase and induces apoptosis in human breast cancer MDA-
MB-231 cells. Oncol. Rep. 35, 2651–2656. doi:10.3892/or.2016.4682

Fhu, C. W., and Ali, A. (2020). Fatty acid synthase: an emerging target in cancer.
Molecules 25, 3935. doi:10.3390/molecules25173935

Fuentes, N. R., Salinas, M. L., Kim, E., and Chapkin, R. S. (2017). Emerging role of
chemoprotective agents in the dynamic shaping of plasma membrane organization.
Biochim. Biophys. Acta Biomembr. 1859, 1668–1678. doi:10.1016/j.bbamem.2017.
03.014

Gelebart, P., Zak, Z., Anand, M., Belch, A., and Lai, R. (2012). Blockade of fatty acid
synthase triggers significant apoptosis in mantle cell lymphoma. PLoS One 7, e33738.
doi:10.1371/journal.pone.0033738

Gonzalez-Guerrico, A. M., Espinoza, I., Schroeder, B., Park, C. H., Kvp, C. M.,
Khurana, A., et al. (2016). Suppression of endogenous lipogenesis induces reversion of
the malignant phenotype and normalized differentiation in breast cancer. Oncotarget 7,
71151–71168. doi:10.18632/oncotarget.9463

Greil, R., Greil-Ressler, S., Weiss, L., Schonlieb, C., Magnes, T., Radl, B., et al. (2018). A
phase 1 dose-escalation study on the safety, tolerability and activity of liposomal
curcumin (lipocurc) in patients with locally advanced or metastatic cancer. Cancer
Chemother. Pharmacol. 82, 695–706. doi:10.1007/s00280-018-3654-0

Guan, M., Wu, X., Chu, P., and Chow, W. A. (2017). Fatty acid synthase reprograms
the epigenome in uterine leiomyosarcomas. PLoS One 12, e0179692. doi:10.1371/
journal.pone.0179692

Herbst, D. A., Townsend, C. A., and Maier, T. (2018). The architectures of iterative
type I PKS and FAS. Nat. Prod. Rep. 35, 1046–1069. doi:10.1039/c8np00039e

Howells, L. M., Berry, D. P., Elliott, P. J., Jacobson, E. W., Hoffmann, E., Hegarty, B.,
et al. (2011). Phase I randomized, double-blind pilot study of micronized resveratrol
(SRT501) in patients with hepatic metastases--safety, pharmacokinetics, and
pharmacodynamics. Cancer Prev. Res. (Phila) 4, 1419–1425. doi:10.1158/1940-6207.
CAPR-11-0148

Jensen-Urstad, A. P., and Semenkovich, C. F. (2012). Fatty acid synthase and liver
triglyceride metabolism: housekeeper or messenger? Biochim. Biophys. Acta 1821,
747–753. doi:10.1016/j.bbalip.2011.09.017

Jiang, B., Li, E. H., Lu, Y. Y., Jiang, Q., Cui, D., Jing, Y. F., et al. (2012). Inhibition of
fatty-acid synthase suppresses P-AKT and induces apoptosis in bladder cancer. Urology
80, 484 e9–15. doi:10.1016/j.urology.2012.02.046

Johnson, J. J., Bailey, H. H., and Mukhtar, H. (2010). Green tea polyphenols for
prostate cancer chemoprevention: a translational perspective. Phytomedicine 17, 3–13.
doi:10.1016/j.phymed.2009.09.011

Frontiers in Pharmacology frontiersin.org07

Huang et al. 10.3389/fphar.2025.1674752

https://doi.org/10.1007/s10495-017-1366-2
https://doi.org/10.1007/s10495-017-1366-2
https://doi.org/10.15252/emmm.201708313
https://doi.org/10.1021/mp700113r
https://doi.org/10.1021/mp700113r
https://doi.org/10.1186/1476-511X-9-15
https://doi.org/10.1002/path.5587
https://doi.org/10.4161/cbt.9.1.10392
https://doi.org/10.4161/cbt.9.1.10392
https://doi.org/10.1021/acs.jmedchem.2c00642
https://doi.org/10.1016/j.eururo.2016.07.032
https://doi.org/10.1021/acschembio.5b00240
https://doi.org/10.1021/acschembio.5b00240
https://doi.org/10.1182/blood-2006-02-003988
https://doi.org/10.1080/23723556.2019.1709389
https://doi.org/10.1016/B978-0-12-394622-5.00010-9
https://doi.org/10.1186/s12944-019-1058-8
https://doi.org/10.3389/fchem.2022.921985
https://doi.org/10.3389/fphar.2022.843829
https://doi.org/10.3389/fphar.2022.843829
https://doi.org/10.1002/ijc.22202
https://doi.org/10.1021/jm501543u
https://doi.org/10.1016/j.eclinm.2021.100797
https://doi.org/10.1007/s11523-013-0286-5
https://doi.org/10.3892/or.2016.4682
https://doi.org/10.3390/molecules25173935
https://doi.org/10.1016/j.bbamem.2017.03.014
https://doi.org/10.1016/j.bbamem.2017.03.014
https://doi.org/10.1371/journal.pone.0033738
https://doi.org/10.18632/oncotarget.9463
https://doi.org/10.1007/s00280-018-3654-0
https://doi.org/10.1371/journal.pone.0179692
https://doi.org/10.1371/journal.pone.0179692
https://doi.org/10.1039/c8np00039e
https://doi.org/10.1158/1940-6207.CAPR-11-0148
https://doi.org/10.1158/1940-6207.CAPR-11-0148
https://doi.org/10.1016/j.bbalip.2011.09.017
https://doi.org/10.1016/j.urology.2012.02.046
https://doi.org/10.1016/j.phymed.2009.09.011
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1674752


Kelly, W., Diaz Duque, A. E., Michalek, J., Konkel, B., Caflisch, L., Chen, Y., et al.
(2023). Phase II investigation of TVB-2640 (denifanstat) with bevacizumab in patients
with first relapse high-grade astrocytoma. Clin. Cancer Res. 29, 2419–2425. doi:10.1158/
1078-0432.CCR-22-2807

Khan, A., Aljarbou, A. N., Aldebasi, Y. H., Allemailem, K. S., Alsahli, M. A., Khan, S.,
et al. (2020). Fatty acid synthase (FASN) siRNA-Encapsulated-Her-2 targeted fab’-
immunoliposomes for gene silencing in breast cancer cells. Int. J. Nanomedicine 15,
5575–5589. doi:10.2147/IJN.S256022

Li, J., Dong, L., Wei, D., Wang, X., Zhang, S., and Li, H. (2014a). Fatty acid synthase
mediates the epithelial-mesenchymal transition of breast cancer cells. Int. J. Biol. Sci. 10,
171–180. doi:10.7150/ijbs.7357

Li, J. Q., Xue, H., Zhou, L., Dong, L. H., Wei, D. P., and Li, H. (2014b). Mechanism of
fatty acid synthase in drug tolerance related to epithelial-mesenchymal transition of
breast cancer. Asian Pac J. Cancer Prev. 15, 7617–7623. doi:10.7314/apjcp.2014.15.18.
7617

Liu, H., Liu, Y., and Zhang, J. T. (2008). A newmechanism of drug resistance in breast
cancer cells: fatty acid synthase overexpression-mediated palmitate overproduction.
Mol. Cancer Ther. 7, 263–270. doi:10.1158/1535-7163.MCT-07-0445

Liu, H., Wu, X., Dong, Z., Luo, Z., Zhao, Z., Xu, Y., et al. (2013). Fatty acid synthase
causes drug resistance by inhibiting TNF-alpha and ceramide production. J. Lipid Res.
54, 776–785. doi:10.1194/jlr.M033811

Lopresti, A. L. (2018). The problem of curcumin and its bioavailability: could its
gastrointestinal influence contribute to its overall health-enhancing effects? Adv. Nutr.
9, 41–50. doi:10.1093/advances/nmx011

Louie, S. M., Roberts, L. S., Mulvihill, M. M., Luo, K., and Nomura, D. K. (2013).
Cancer cells incorporate and remodel exogenous palmitate into structural and
oncogenic signaling lipids. Biochim. Biophys. Acta 1831, 1566–1572. doi:10.1016/j.
bbalip.2013.07.008

Lu, T., Sun, L., Wang, Z., Zhang, Y., He, Z., and Xu, C. (2019). Fatty acid synthase
enhances colorectal cancer cell proliferation and metastasis via regulating AMPK/
mTOR pathway. Onco Targets Ther. 12, 3339–3347. doi:10.2147/OTT.S199369

Menendez, J. A., and Lupu, R. (2007). Fatty acid synthase and the lipogenic phenotype
in cancer pathogenesis. Nat. Rev. Cancer 7, 763–777. doi:10.1038/nrc2222

Nguyen, A. V., Martinez, M., Stamos, M. J., Moyer, M. P., Planutis, K., Hope, C., et al.
(2009). Results of a phase I pilot clinical trial examining the effect of plant-derived
resveratrol and grape powder onWnt pathway target gene expression in colonic mucosa
and colon cancer. Cancer Manag. Res. 1, 25–37. doi:10.2147/cmar.s4544

Pandey, P. R., Okuda, H., Watabe, M., Pai, S. K., Liu, W., Kobayashi, A., et al. (2011).
Resveratrol suppresses growth of cancer stem-like cells by inhibiting fatty acid synthase.
Breast Cancer Res. Treat. 130, 387–398. doi:10.1007/s10549-010-1300-6

Panknin, T. M., Howe, C. L., Hauer, M., Bucchireddigari, B., Rossi, A. M., and Funk,
J. L. (2023). Curcumin supplementation and human disease: a scoping review of clinical
trials. Int. J. Mol. Sci. 24, 4476. doi:10.3390/ijms24054476

Pascual, G., Dominguez, D., Elosua-Bayes, M., Beckedorff, F., Laudanna, C., Bigas, C.,
et al. (2021). Dietary palmitic acid promotes a prometastatic memory via schwann cells.
Nature 599, 485–490. doi:10.1038/s41586-021-04075-0

Pham, D. V., Tilija Pun, N., and Park, P. H. (2021). Autophagy activation and SREBP-
1 induction contribute to fatty acid metabolic reprogramming by leptin in breast cancer
cells. Mol. Oncol. 15, 657–678. doi:10.1002/1878-0261.12860

Puig, T., Vazquez-Martin, A., Relat, J., Petriz, J., Menendez, J. A., Porta, R., et al.
(2008). Fatty acid metabolism in breast cancer cells: differential inhibitory effects of
epigallocatechin gallate (EGCG) and C75. Breast Cancer Res. Treat. 109, 471–479.
doi:10.1007/s10549-007-9678-5

Relat, J., Blancafort, A., Oliveras, G., Cufi, S., Haro, D., Marrero, P. F., et al. (2012).
Different fatty acid metabolism effects of (-)-epigallocatechin-3-gallate and C75 in
adenocarcinoma lung cancer. BMC Cancer 12, 280. doi:10.1186/1471-2407-12-280

Ren, Z. Q., Zheng, S. Y., Sun, Z., Luo, Y., Wang, Y. T., Yi, P., et al. (2025). Resveratrol:
molecular mechanisms, health benefits, and potential adverse effects.MedComm (2020)
6, e70252. doi:10.1002/mco2.70252

Resh, M. D. (2013). Covalent lipid modifications of proteins. Curr. Biol. 23,
R431–R435. doi:10.1016/j.cub.2013.04.024

Resh, M. D. (2017). Palmitoylation of proteins in cancer. Biochem. Soc. Trans. 45,
409–416. doi:10.1042/BST20160233

Resh, M. D. (2021). Palmitoylation of hedgehog proteins by hedgehog acyltransferase:
roles in signalling and disease. Open Biol. 11, 200414. doi:10.1098/rsob.200414

Salehi, B., Mishra, A. P., Nigam, M., Sener, B., Kilic, M., Sharifi-Rad, M., et al. (2018).
Resveratrol: a double-edged sword in health benefits. Biomedicines 6, 91. doi:10.3390/
biomedicines6030091

Salgia, R., Pharaon, R., Mambetsariev, I., Nam, A., and Sattler, M. (2021). The
improbable targeted therapy: KRAS as an emerging target in non-small cell lung cancer
(NSCLC). Cell Rep. Med. 2, 100186. doi:10.1016/j.xcrm.2020.100186

Sangeetha, M., Deepa, P. R., Rishi, P., Khetan, V., and Krishnakumar, S. (2015).
Global gene deregulations in FASN silenced retinoblastoma cancer cells: molecular and
clinico-pathological correlations. J. Cell Biochem. 116, 2676–2694. doi:10.1002/jcb.
25217

Sardesai, S. D., Thomas, A., Gallagher, C., Lynce, F., Ottaviano, Y. L., Ballinger, T. J.,
et al. (2021). Inhibiting fatty acid synthase with omeprazole to improve efficacy of
neoadjuvant chemotherapy in patients with operable TNBC. Clin. Cancer Res. 27,
5810–5817. doi:10.1158/1078-0432.CCR-21-0493

Serhan, H. A., Bao, L., Cheng, X., Qin, Z., Liu, C. J., Heth, J. A., et al. (2024). Targeting
fatty acid synthase in preclinical models of TNBC brain metastases synergizes with SN-
38 and impairs invasion. NPJ Breast Cancer 10, 43. doi:10.1038/s41523-024-00656-0

Singh, C. K., Ndiaye, M. A., and Ahmad, N. (2015). Resveratrol and cancer: challenges
for clinical translation. Biochim. Biophys. Acta 1852, 1178–1185. doi:10.1016/j.bbadis.
2014.11.004

Souchek, J. J., Davis, A. L., Hill, T. K., Holmes, M. B., Qi, B., Singh, P. K., et al. (2017).
Combination treatment with Orlistat-Containing nanoparticles and taxanes is
synergistic and enhances microtubule stability in taxane-resistant prostate cancer
cells. Mol. Cancer Ther. 16, 1819–1830. doi:10.1158/1535-7163.MCT-17-0013

Souchek, J. J., Laliwala, A., Houser, L., Muraskin, L., Vu, Q., and Mohs, A. M. (2023).
Fatty acid synthase inhibitors enhance microtubule-stabilizing and microtubule-
destabilizing drugs in taxane-resistant prostate cancer cells. ACS Pharmacol. Transl.
Sci. 6, 1859–1869. doi:10.1021/acsptsci.3c00182

Stamatakos, S., Beretta, G. L., Vergani, E., Dugo, M., Corno, C., Corna, E., et al.
(2021). Deregulated FASN expression in BRAF inhibitor-resistant melanoma cells
unveils new targets for drug combinations. Cancers (Basel) 13, 2284. doi:10.3390/
cancers13092284

Stingl, J. C., Ettrich, T., Muche, R., Wiedom, M., Brockmoller, J., Seeringer, A., et al.
(2011). Protocol for minimizing the risk of metachronous adenomas of the colorectum
with green tea extract (MIRACLE): a randomised controlled trial of green tea extract
versus placebo for nutriprevention of metachronous colon adenomas in the elderly
population. BMC Cancer 11, 360. doi:10.1186/1471-2407-11-360

Sun, L., Yao, Y., Pan, G., Zhan, S., Shi, W., Lu, T., et al. (2018). Small interfering RNA-
mediated knockdown of fatty acid synthase attenuates the proliferation and metastasis
of human gastric cancer cells via the mTOR/Gli1 signaling pathway. Oncol. Lett. 16,
594–602. doi:10.3892/ol.2018.8648

Tadros, S., Shukla, S. K., King, R. J., Gunda, V., Vernucci, E., Abrego, J., et al. (2017).
De novo lipid synthesis facilitates gemcitabine resistance through endoplasmic
reticulum stress in pancreatic cancer. Cancer Res. 77, 5503–5517. doi:10.1158/0008-
5472.CAN-16-3062

Tuli, H. S., Garg, V. K., Bhushan, S., Uttam, V., Sharma, U., Jain, A., et al. (2023).
Natural flavonoids exhibit potent anticancer activity by targeting microRNAs in cancer:
a signature step hinting towards clinical perfection. Transl. Oncol. 27, 101596. doi:10.
1016/j.tranon.2022.101596

Vanauberg, D., Schulz, C., and Lefebvre, T. (2023). Involvement of the pro-oncogenic
enzyme fatty acid synthase in the hallmarks of cancer: a promising target in anti-cancer
therapies. Oncogenesis 12, 16. doi:10.1038/s41389-023-00460-8

Wagner, R., Stubiger, G., Veigel, D., Wuczkowski, M., Lanzerstorfer, P., Weghuber, J.,
et al. (2017). Multi-level suppression of receptor-PI3K-mTORC1 by fatty acid synthase
inhibitors is crucial for their efficacy against ovarian cancer cells. Oncotarget 8,
11600–11613. doi:10.18632/oncotarget.14591

Wang, X., and Tian, W. (2001). Green tea epigallocatechin gallate: a natural inhibitor
of fatty-acid synthase. Biochem. Biophys. Res. Commun. 288, 1200–1206. doi:10.1006/
bbrc.2001.5923

Wang, B. Y., Zhang, J., Wang, J. L., Sun, S., Wang, Z. H., Wang, L. P., et al. (2015).
Intermittent high dose proton pump inhibitor enhances the antitumor effects of
chemotherapy in metastatic breast cancer. J. Exp. Clin. Cancer Res. 34, 85. doi:10.
1186/s13046-015-0194-x

Wang, X., Jiang, B., Lv, H., Liang, Y., and Ma, X. (2019). Vitisin B as a novel fatty acid
synthase inhibitor induces human breast cancer cells apoptosis. Am. J. Transl. Res. 11,
5096–5104.

Wang, C. J., Li, D., Danielson, J. A., Zhang, E. H., Dong, Z., Miller, K. D., et al. (2021a).
Proton pump inhibitors suppress DNA damage repair and sensitize treatment
resistance in breast cancer by targeting fatty acid synthase. Cancer Lett. 509, 1–12.
doi:10.1016/j.canlet.2021.03.026

Wang, J. Q., Yang, Y., Cai, C. Y., Teng, Q. X., Cui, Q., Lin, J., et al. (2021b). Multidrug
resistance proteins (MRPs): structure, function and the overcoming of cancer multidrug
resistance. Drug Resist Updat 54, 100743. doi:10.1016/j.drup.2021.100743

Wang, Y., Wu, S., Li, Q., Lang, W., Li, W., Jiang, X., et al. (2022). Epigallocatechin-3-
gallate: a phytochemical as a promising drug candidate for the treatment of Parkinson’s
disease. Front. Pharmacol. 13, 977521. doi:10.3389/fphar.2022.977521

Weng, L., Tang, W. S., Wang, X., Gong, Y., Liu, C., Hong, N. N., et al. (2024). Surplus
fatty acid synthesis increases oxidative stress in adipocytes and lnduces lipodystrophy.
Nat. Commun. 15, 133. doi:10.1038/s41467-023-44393-7

Wu, X., Qin, L., Fako, V., and Zhang, J. T. (2014). Molecular mechanisms of fatty acid
synthase (FASN)-mediated resistance to anti-cancer treatments. Adv. Biol. Regul. 54,
214–221. doi:10.1016/j.jbior.2013.09.004

Wu, X., Dong, Z., Wang, C. J., Barlow, L. J., Fako, V., Serrano, M. A., et al. (2016).
FASN regulates cellular response to genotoxic treatments by increasing PARP-1
expression and DNA repair activity via NF-κB and SP1. Proc. Natl. Acad. Sci. U. S.
A. 113, E6965–E6973. doi:10.1073/pnas.1609934113

Frontiers in Pharmacology frontiersin.org08

Huang et al. 10.3389/fphar.2025.1674752

https://doi.org/10.1158/1078-0432.CCR-22-2807
https://doi.org/10.1158/1078-0432.CCR-22-2807
https://doi.org/10.2147/IJN.S256022
https://doi.org/10.7150/ijbs.7357
https://doi.org/10.7314/apjcp.2014.15.18.7617
https://doi.org/10.7314/apjcp.2014.15.18.7617
https://doi.org/10.1158/1535-7163.MCT-07-0445
https://doi.org/10.1194/jlr.M033811
https://doi.org/10.1093/advances/nmx011
https://doi.org/10.1016/j.bbalip.2013.07.008
https://doi.org/10.1016/j.bbalip.2013.07.008
https://doi.org/10.2147/OTT.S199369
https://doi.org/10.1038/nrc2222
https://doi.org/10.2147/cmar.s4544
https://doi.org/10.1007/s10549-010-1300-6
https://doi.org/10.3390/ijms24054476
https://doi.org/10.1038/s41586-021-04075-0
https://doi.org/10.1002/1878-0261.12860
https://doi.org/10.1007/s10549-007-9678-5
https://doi.org/10.1186/1471-2407-12-280
https://doi.org/10.1002/mco2.70252
https://doi.org/10.1016/j.cub.2013.04.024
https://doi.org/10.1042/BST20160233
https://doi.org/10.1098/rsob.200414
https://doi.org/10.3390/biomedicines6030091
https://doi.org/10.3390/biomedicines6030091
https://doi.org/10.1016/j.xcrm.2020.100186
https://doi.org/10.1002/jcb.25217
https://doi.org/10.1002/jcb.25217
https://doi.org/10.1158/1078-0432.CCR-21-0493
https://doi.org/10.1038/s41523-024-00656-0
https://doi.org/10.1016/j.bbadis.2014.11.004
https://doi.org/10.1016/j.bbadis.2014.11.004
https://doi.org/10.1158/1535-7163.MCT-17-0013
https://doi.org/10.1021/acsptsci.3c00182
https://doi.org/10.3390/cancers13092284
https://doi.org/10.3390/cancers13092284
https://doi.org/10.1186/1471-2407-11-360
https://doi.org/10.3892/ol.2018.8648
https://doi.org/10.1158/0008-5472.CAN-16-3062
https://doi.org/10.1158/0008-5472.CAN-16-3062
https://doi.org/10.1016/j.tranon.2022.101596
https://doi.org/10.1016/j.tranon.2022.101596
https://doi.org/10.1038/s41389-023-00460-8
https://doi.org/10.18632/oncotarget.14591
https://doi.org/10.1006/bbrc.2001.5923
https://doi.org/10.1006/bbrc.2001.5923
https://doi.org/10.1186/s13046-015-0194-x
https://doi.org/10.1186/s13046-015-0194-x
https://doi.org/10.1016/j.canlet.2021.03.026
https://doi.org/10.1016/j.drup.2021.100743
https://doi.org/10.3389/fphar.2022.977521
https://doi.org/10.1038/s41467-023-44393-7
https://doi.org/10.1016/j.jbior.2013.09.004
https://doi.org/10.1073/pnas.1609934113
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1674752


Xu, Y. (2019). Targeting lysophosphatidic acid in cancer: the issues in moving from
bench to bedside. Cancers (Basel) 11, 1523. doi:10.3390/cancers11101523

Xu, S., Chen, T., Dong, L., Li, T., Xue, H., Gao, B., et al. (2021). Fatty acid synthase
promotes breast cancer metastasis by mediating changes in fatty acid metabolism.
Oncol. Lett. 21, 27. doi:10.3892/ol.2020.12288

Yan, X. J., Li, G. F., Tang, M., and Yang, X. P. (2019). Effect of down-regulation of fatty
acid synthase expression on proliferation, migration and invasion of bladder carcinoma
UMUC3 cell lines. Zhongguo Ying Yong Sheng Li Xue Za Zhi 35, 543–547. doi:10.12047/
j.cjap.5868.2019.119

Yan, W., Zhou, Y., Yuan, X., Bai, P., Tang, M., Chen, L., et al. (2024). The cytotoxic
natural compound erianin binds to colchicine site of beta-tubulin and overcomes taxane
resistance. Bioorg Chem. 150, 107569. doi:10.1016/j.bioorg.2024.107569

Yang, A., Wu, Q., Wang, A., Chen, Q., Yang, J., Tao, Y., et al. (2023). Integrated
transcriptomics and metabolomics analyses to investigate the anticancer mechanisms of
cinobufagin against liver cancer through interfering with lipid, amino acid,
carbohydrate, and nucleotide metabolism. Bioorg Chem. 130, 106229. doi:10.1016/j.
bioorg.2022.106229

Younesian, O., Kazerouni, F., Dehghan-Nayeri, N., Omrani, D., Rahimipour, A.,
Shanaki, M., et al. (2017). Effect of curcumin on fatty acid synthase expression and
enzyme activity in breast cancer cell line SKBR3. Int. J. Cancer Manag. 10, e8173. doi:10.
5812/ijcm.8173

Yu, L., Wang, X., Du, Y., Zhang, X., and Ling, Y. (2021). FASN knockdown inhibited
anoikis resistance of gastric cancer cells via P-ERK1/2/Bcl-xL pathway. Gastroenterol.
Res. Pract. 2021, 6674204. doi:10.1155/2021/6674204

Zaytseva, Y. Y., Rychahou, P. G., Gulhati, P., Elliott, V. A., Mustain, W. C., O’Connor,
K., et al. (2012). Inhibition of fatty acid synthase attenuates CD44-associated signaling

and reduces metastasis in colorectal cancer. Cancer Res. 72, 1504–1517. doi:10.1158/
0008-5472.CAN-11-4057

Zhang, W., Huang, J., Tang, Y., Yang, Y., and Hu, H. (2020). Inhibition of fatty acid
synthase (FASN) affects the proliferation and apoptosis of HepG2 hepatoma carcinoma
cells via the beta-catenin/C-myc signaling pathway. Ann. Hepatol. 19, 411–416. doi:10.
1016/j.aohep.2020.03.005

Zhang, Q., Zhou, Y., Feng, X., Gao, Y., Huang, C., and Yao, X. (2022). Low-dose
orlistat promotes the therapeutic effect of oxaliplatin in colorectal cancer. Biomed.
Pharmacother. 153, 113426. doi:10.1016/j.biopha.2022.113426

Zhao, J., Sun, X. B., Ye, F., and Tian, W. X. (2011). Suppression of fatty acid synthase,
differentiation and lipid accumulation in adipocytes by curcumin. Mol. Cell Biochem.
351, 19–28. doi:10.1007/s11010-010-0707-z

Zhao, X., Di, J., Luo, D., Vaishnav, Y., Nuralieva, N., Verma, D., et al. (2024). Recent
developments of P-glycoprotein inhibitors and its structure-activity relationship (SAR)
studies. Bioorg Chem. 143, 106997. doi:10.1016/j.bioorg.2023.106997

Zheng, S. S., Gao, J. G., Liu, Z. J., Zhang, X. H., Wu, S., Weng, B. W., et al. (2016).
Downregulation of fatty acid synthase complex suppresses cell migration by targeting
phosphor-AKT in bladder cancer. Mol. Med. Rep. 13, 1845–1850. doi:10.3892/mmr.
2015.4746

Zhou, B., Hao, Q., Liang, Y., and Kong, E. (2023). Protein palmitoylation in cancer:
molecular functions and therapeutic potential. Mol. Oncol. 17, 3–26. doi:10.1002/1878-
0261.13308

Zhou, L., Du, K., Dai, Y., Zeng, Y., Luo, Y., Ren, M., et al. (2024). Metabolic
reprogramming based on RNA sequencing of gemcitabine-resistant cells reveals the
FASN gene as a therapeutic for bladder cancer. J. Transl. Med. 22, 55. doi:10.1186/
s12967-024-04867-8

Frontiers in Pharmacology frontiersin.org09

Huang et al. 10.3389/fphar.2025.1674752

https://doi.org/10.3390/cancers11101523
https://doi.org/10.3892/ol.2020.12288
https://doi.org/10.12047/j.cjap.5868.2019.119
https://doi.org/10.12047/j.cjap.5868.2019.119
https://doi.org/10.1016/j.bioorg.2024.107569
https://doi.org/10.1016/j.bioorg.2022.106229
https://doi.org/10.1016/j.bioorg.2022.106229
https://doi.org/10.5812/ijcm.8173
https://doi.org/10.5812/ijcm.8173
https://doi.org/10.1155/2021/6674204
https://doi.org/10.1158/0008-5472.CAN-11-4057
https://doi.org/10.1158/0008-5472.CAN-11-4057
https://doi.org/10.1016/j.aohep.2020.03.005
https://doi.org/10.1016/j.aohep.2020.03.005
https://doi.org/10.1016/j.biopha.2022.113426
https://doi.org/10.1007/s11010-010-0707-z
https://doi.org/10.1016/j.bioorg.2023.106997
https://doi.org/10.3892/mmr.2015.4746
https://doi.org/10.3892/mmr.2015.4746
https://doi.org/10.1002/1878-0261.13308
https://doi.org/10.1002/1878-0261.13308
https://doi.org/10.1186/s12967-024-04867-8
https://doi.org/10.1186/s12967-024-04867-8
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1674752

	Fatty acid synthase in chemoresistance: mechanisms and therapeutic opportunities
	1 Introduction
	2 FAS confers chemotherapy resistance in cancers
	3 FAS as a feasible target validated by genomic knockdown or knockout
	4 FAS-targeting drug candidates for overcoming chemoresistance in cancers
	5 Conclusion
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


