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Abstract

Lipid metabolism plays a pivotal role in gastric cancer (GC) progression, charac-
terized by complex metabolic reprogramming that supports tumor growth and
survival. This narrative review comprehensively examines the dysregulation of
lipid metabolism-associated genes, including fatty acid synthase (FASN), ATP-
citrate lyase, acetyl-CoA carboxylases, FA binding proteins, sterol regulatory
element-binding proteins, and other key enzymes. These genes facilitate critical
oncogenic processes by enhancing FA synthesis, modifying cellular signaling, and
supporting cancer cell proliferation, migration, and therapy resistance. Metabolic
adaptations observed in GC include increased de novo lipogenesis, altered
enzymatic activities, and modified protein lipidation, which contribute to tumor
aggressiveness. The review highlights the potential of targeting these metabolic
pathways as a therapeutic strategy, demonstrating how inhibiting specific
enzymes like FASN, ATP-citrate lyase, and stearoyl-CoA desaturase 1 can induce
apoptosis, disrupt cancer stem cell properties, and potentially overcome treatment
resistance. By elucidating the intricate interactions between lipid metabolism
genes and cancer progression, this review provides insights into novel diagnostic
and therapeutic approaches for managing GC.

Key Words: Lipid metabolism; Gastric cancer; Oncogenic pathways; Fatty acid synthesis;
Metabolic reprogramming
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Core Tip: Dysregulation of lipid metabolism plays a crucial role in gastric cancer (GC) progression by supporting tumor
growth, migration, and therapy resistance. This review explores the oncogenic pathways involving key lipid metabolism-
associated genes, including fatty acid synthase, ATP-citrate lyase, acetyl-CoA carboxylases, fatty acid binding proteins, and
sterol regulatory element-binding proteins, highlighting their role in metabolic reprogramming. Targeting these pathways
offers promising therapeutic strategies, as inhibiting lipid biosynthesis enzymes can induce apoptosis and disrupt cancer
stem cell properties. Understanding the intricate link between lipid metabolism and GC may pave the way for novel
diagnostic and therapeutic advancements.
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INTRODUCTION

Gastric cancer (GC) ranks as the fifth most common malignancy globally and is the third leading cause of cancer-related
mortality, significantly contributing to global cancer morbidity and mortality[1]. GC is a complex disease driven by both
environmental and genetic factors, with incidence increasing with age, typically presenting around the median age of 70.
Notably, approximately 10% of cases arise in individuals aged 45 years or younger, making the study of early-onset GC a
critical area for investigating genetic alterations associated with tumorigenesis, as younger patients have less exposure to
environmental carcinogens[2]. In East Asian countries, the implementation of population-wide screening programs has
facilitated earlier detection and improved survival outcomes. However, in Western nations, the prognosis for GC remains
poor, primarily due to late-stage diagnoses that preclude curative surgical interventions[3].

Survival rates in patients with advanced GC are significantly influenced by factors such as age, type of gastrectomy,
tumor size, histological subtype, and lymph node involvement; however, these factors exert less influence on early-stage
cases, with the exception of patients over 70 years of age. Factors such as sex, age, tumor stage, location, and the interval
between surgical procedures do not significantly affect GC prognosis. Conversely, the thoroughness of curative
gastrectomy, particularly lymphadenectomy, is critical to outcomes. Long-term surveillance, appropriate resection, and
management of hypertension-related comorbidities are essential for enhancing survival rates in patients with gastric
remnant cancer, which maintains a consistent incidence even following partial gastrectomy[4]. Patients with advanced
carcinoma exhibiting characteristics akin to early-stage disease demonstrate an intermediate prognosis, indicating a
potential developmental continuum between early and advanced lesions[5]. GC can also manifest in conjunction with
various hereditary cancer syndromes, including familial adenomatous polyposis, MUTYH-associated polyposis, Peutz-
Jeghers syndrome, juvenile polyposis syndrome, Lynch syndrome, Li-Fraumeni syndrome, Cowden syndrome, and
hereditary breast and ovarian cancer syndrome[6].

Key genes involved in lipid metabolism, particularly fatty acid synthase (FASN), are pivotal in the progression and
prognosis of GC. FASN, which is integral to lipid synthesis, is frequently overexpressed in tumors, including GC, playing
a significant role in tumor development. Nonetheless, the precise implications of FASN expression in GC remain
inadequately elucidated[7]. Liver X receptors (LXRs), which are activated by oxysterols, regulate cellular cholesterol
homeostasis, and their dysregulation has been implicated in GC pathogenesis, underscoring their relevance in cancer
biology|[8]. Research consistently emphasizes the importance of LXRs in modulating immune function and maintaining
tolerance, suggesting potential for targeted therapies aimed at inhibiting tumorigenesis and promoting apoptosis in
tumor cells[9]. Activation of sterol regulatory element-binding protein 1c (SREBP-1c) in GC tissues correlates with
increased expression of FA synthesis genes, including stearoyl-CoA desaturase 1 (SCD1) and FASN. Silencing SREBP-1c
reverses migration and invasion deficiencies in GC cells, suggesting its potential as a therapeutic target[10]. The efficacy
of checkpoint inhibitors in cancer therapy is linked to the presence of tissue-resident memory T cells within the tumor
microenvironment. Approximately 30% of tumor-infiltrating lymphocytes in gastric adenocarcinoma are characterized as
cluster of differentiation 69-positive (CD69+), CD103+ resident memory T cells, which are linked to improved prognosis.
Resident memory T cells exhibit tumor-reactive capabilities and depend on FA oxidation for survival. Targeting
programmed death ligand-1 in gastric adenocarcinoma cells has implications for the expression of fatty acid binding
protein 4 (FABP4) and FABP5, suggesting that modulation of lipid metabolism may represent a viable therapeutic
strategy to enhance anti-tumor immunity[11].

In this narrative review, we explored the role of genes involved in lipid metabolism in the context of GC. To gather
relevant data, we conducted comprehensive searches across multiple databases, including PubMed, Scopus, and Google
Scholar. Our search strategy focused on identifying studies that elucidate which genes are implicated in lipid metabolism
and their specific roles in the body as reported in the existing literature. We meticulously extracted data concerning the
involvement of these genes in the development and progression of GC, as well as evidence supporting their potential
utility in the treatment of this malignancy. The collected data was synthesized to provide a coherent discussion on the
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mechanisms by which lipid metabolism-related genes contribute to GC pathogenesis and their prospective applications in
therapeutic strategies.

The aim of this narrative review is to provide an overview of GC, emphasizing the importance of understanding
genetic factors in cancer development. Additionally, it examines the role of lipid metabolism and investigates the
involvement of lipid metabolism-associated genes in GC development. The review encompasses an overview of lipid
metabolism pathways, discusses dysregulation of lipid metabolism in cancer, identifies specific lipid metabolism-
associated genes implicated in GC, explores mechanisms linking lipid metabolism genes to GC development, presents
experimental evidence, discusses clinical implications, suggests future research directions, and concludes with key
insights.

LIPID METABOLISM DYSREGULATION IN CANCER

Lipid metabolism is a critical aspect of cellular biology, encompassing pathways vital for energy storage, membrane
integrity, and signaling mechanisms. FAs, synthesized via complex enzymatic reactions, are integral to cellular
functionality and overall health. A thorough understanding of lipid metabolism is essential for clarifying its dysregu-
lation in various diseases, particularly cancer, where metabolic reprogramming facilitates aggressive proliferation and
survival strategies (Figure 1)[12].

FA synthesis is a central component of lipid metabolism, commencing with the conversion of acetyl-CoA and NADPH
to malonyl CoA, a reaction catalyzed by acetyl-CoA carboxylase. This step is crucial, as malonyl CoA acts as a precursor
for subsequent condensation and reduction reactions catalyzed by FASN, ultimately producing long-chain FAs necessary
for cellular membrane construction and energy storage[13]. By contrast, FA oxidation predominantly occurs in the
mitochondria, where FAs undergo p-oxidation to yield acetyl-CoA, NADH, and FADH2. These metabolites are further
utilized in the citric acid cycle, generating ATP through oxidative phosphorylation, thereby fulfilling cellular energy
requirements during periods of fasting or increased metabolic demand[14].

In cancer cells, lipid metabolism experiences substantial reprogramming to support rapid proliferation and survival.
These cells often demonstrate heightened rates of de novo lipogenesis, synthesizing FAs endogenously even in the
presence of exogenous lipid sources[15]. This metabolic shift is facilitated by the upregulation of key enzymes, partic-
ularly FASN, which is essential for lipid synthesis necessary for membrane biogenesis and intracellular signaling[16].
Furthermore, de novo synthesized lipids in cancer cells serve diverse roles beyond structural components. Phospholipids,
such as phosphatidylcholine and phosphatidylserine, act as signaling molecules that modulate processes like prolif-
eration, survival, and migration. Their interactions with membrane receptors and intracellular signaling pathways are
critical to tumor progression[17]. The dysregulation of lipid metabolism in cancer also includes the posttranslational
modification of proteins through lipidation, which alters their functions within signaling networks. For instance,
glycosylphosphatidylinositol-anchored proteins, such as the urokinase-type plasminogen activator receptor, are instru-
mental in cancer progression via their roles in cell adhesion and signaling[18].

Understanding these metabolic adaptations in cancer holds significant implications for therapeutic strategies.
Targeting enzymes involved in lipid metabolism, such as FASN, presents a promising avenue for disrupting the
metabolic dependencies of cancer cells while sparing normal tissues[15,16]. Such targeted interventions aim to exploit the
vulnerabilities created by dysregulated lipid metabolism in cancer, potentially leading to more effective treatment
options.

ROLE OF LIPID METABOLISM-ASSOCIATED GENES IN GC
FASN

FASN is a multifunctional enzyme integral to lipid metabolism, with significant implications in cancer biology, especially
in GC. The enzymatic activity of FASN is essential for the de novo synthesis of FAs, which is crucial for maintaining
membrane integrity, energy storage, and signaling pathways that facilitate cell proliferation and survival[19,20]. This
metabolic pathway is frequently dysregulated in cancer cells, leading to overexpression of FASN to meet the increased
lipid demands required for rapid tumor growth[21,22].

In the context of cancer progression, including GC, the upregulation of FASN supports oncogenic processes beyond
mere lipid biosynthesis. It enhances glycolytic activity and amino acid metabolism, contributing to the metabolic
reprogramming that characterizes cancer cells[23]. Furthermore, FASN influences cancer stem cell populations, thereby
impacting tumor initiation, progression, and resistance to conventional therapies[24,25]. Research indicates that FASN
expression levels are consistently elevated in GC compared to normal gastric tissue. This overexpression correlates with
advanced disease stages, lymph node metastasis, and poor prognosis[7,26]. Additionally, FASN'’s involvement in GC is
underscored by its presence in precancerous lesions such as gastric adenomas and intestinal metaplasia, suggesting its
role in the early stages of tumor development[25].

FASN has also been associated with chemoresistance in GC cells, adversely affecting treatment outcomes and patient
survival rates[22,23]. The clinical relevance of targeting FASN in GC is supported by promising preclinical results with
FASN inhibitors, such as orlistat, which have demonstrated efficacy in inducing apoptosis in GC cells and overcoming
resistance mechanisms, particularly in human epidermal growth factor receptor 2 (HER2)-positive GCs[22,26]. Moreover,
combinatorial therapies that target both HER2 and FASN have shown synergistic effects, reinforcing FASN'’s potential as
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Figure 1 Schematic representation of the role of lipids in gastric cancer cell proliferation and metastasis[12]. A high-fat diet (HFD) promotes
lipid accumulation in adipocytes, releasing free fatty acids (FFAs) that are taken up by gastric cancer (GC) cells. FFAs enhance lipid droplet formation via
diacylglycerol acyltransferase-2 (DGAT2), regulated by CCAAT/enhancer binding protein beta (C/EBPb). Mitochondrial -oxidation of FFAs increases NADPH and
reactive oxygen species, promoting anoikis resistance and metastatic potential. Citation: Li S, Wu T, Lu YX, Wang JX, Yu FH, Yang MZ, Huang YJ, Li ZJ, Wang SL,
Huang L, Lu L, Tian T. Obesity promotes gastric cancer metastasis via diacylglycerol acyltransferase 2-dependent lipid droplets accumulation and redox
homeostasis. Redox Biol 2020; 36: 101596. Copyright© The Authors 2020. Published by Elsevier. The figure under the CC BY-NC-ND 4.0 License, which permits
reuse with attribution, for non-commercial purposes, without derivatives (https:/creativecommons.org/Licenses/by-nc-nd/4.0/). ROS: Reactive oxygen species;
shRNA: Short hairpin RNA.

a therapeutic target in the management of GC[22,23].

ATP-citrate lyase

ATP-citrate lyase (ACLY) is a cytosolic enzyme that catalyzes the conversion of citrate to acetyl-CoA, a critical step
linking glucose metabolism with FA synthesis and the mevalonate pathway. Acetyl-CoA serves as a vital precursor for
the biosynthesis of endogenous FAs and cholesterol, as well as for isoprenoid-based protein modifications and protein
acetylation, including histone acetylation. Thus, ACLY plays a pivotal role in various metabolic and cellular processes[27,
28]. In the context of cancer, particularly gastric adenocarcinoma, ACLY’s role in lipid metabolism is significant, as
increased lipid synthesis provides essential building blocks for rapid cell growth and division[29]. ACLY facilitates the
transformation of glucose-derived citrate into acetyl-CoA, which is essential for FA synthesis and the mevalonate
pathway. This process is furthered by acetyl-CoA carboxylase (ACC), which converts acetyl-CoA into malonyl-CoA,
advancing FA synthesis[27].

High expression levels of ACLY have been associated with advanced stages of gastric adenocarcinoma, lymph node
metastasis, and poor prognosis, suggesting its potential as a biomarker for disease progression and patient survival[30].
In GC, the upregulation of ACLY supports metabolic reprogramming characterized by increased glycolysis, glutamine
lysis, de novo FA synthesis, cholesterol synthesis, and FA B-oxidation. Targeting these metabolic pathways has
demonstrated antitumor effects both in vitro and in vivo, suggesting that a multifaceted therapeutic approach is necessary
to address the metabolic flexibility observed in tumors[31]. These adaptations enhance the proliferation, migration, and
survival of cancer cells. Furthermore, ACLY overexpression promotes angiogenesis and the epithelial-mesenchymal
transition, both of which are crucial for tumor metastasis. Under hypoxic conditions, which are common in tumor
microenvironments, hypoxia-inducible factor 1 alpha levels are elevated, leading to increased ACLY expression and
oncogenic effects[32]. Additionally, hyperglycemia induces ACLY expression in GC cells, further enhancing their prolif-
eration and migration; inhibiting ACLY under these conditions can mitigate these oncogenic activities[33].

Targeting ACLY presents a promising therapeutic strategy for managing lipid-related pathologies and cancers.
Preclinical studies indicate that ACLY inhibitors can yield significant antitumor effects by disrupting critical metabolic
pathways in cancer cells[29]. Moreover, combining ACLY inhibitors with other metabolic pathway inhibitors may
enhance therapeutic efficacy by reducing metabolic flexibility, a common mechanism of resistance in tumors[34].
Compounds such as nobiletin have the ability to inhibit ACLY activity by targeting the sterol regulatory element-binding

protein 1 (SREBP1)/ACLY axis, leading to autophagy-dependent cell death in GC cells and suppression of tumor growth
[35].

ACCs

ACCs are essential enzymes in FA metabolism, catalyzing the conversion of acetyl-CoA to malonyl-CoA, which is
subsequently utilized by FASN to produce long-chain saturated FAs. In mammals, there are two ACC isoforms: ACC1,
predominantly located in the cytosol, which drives FA synthesis; and ACC2, situated on the outer mitochondrial
membrane, contributing to distinct downstream metabolic pathways[36,37]. Furthermore, activation of SREBP1c in GC
cells facilitates malignant phenotypes, including enhanced migration and invasion, highlighting its role in tumor aggress-
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iveness[10]. Beyond its established function in lipid clearance, lipoprotein lipase (LPL) has a complex role in cellular lipid
uptake and energy metabolism, which is particularly significant in the context of GC. In GC, LPL activity displays hetero-
geneous distribution within tumors, often correlating with areas of high cellular proliferation[38]. Table 1 provides a
comprehensive overview, whereas Figure 2 provides a schematic representation of lipid metabolism-associated genes in
GC.

Table 1 Overview of lipid metabolism-associated genes in gastric cancer

Gene Description Evidence Importance
FASN Enzyme essential for FASN, membrane integrity, =~ Higher expression in GC tissues than normal Prognosis treatment
and cell proliferation tissues, associated with metastasis, lymphatic
spread, and poor prognosis in GC
ACC Cytosolic enzyme that generates acetyl-CoA from ACC expression is increased in GC tissues. Prognosis treatment
citrate Increased expression of pACC in GC tissues is
related to good prognosis of GC
ACSS In fatty acid metabolism it converts acetyl-CoA to  Expression of ACSS3 is increased and that of Cancer progression
malonyl-CoA for long-chain fatty acid ACSS2 is decreased in GCs. Low expression of prognosis
ACSS2 is related to poor prognosis
FABP Binds long-chain fatty acids and other lipids, FABPS5 is related to increased proliferation of GC. ~ Cancer progression
performing diverse functions FABP4 and H-FABP are associated with poor prognosis treatment
prognosis in GIST and GCs respectively
SCD1 Endoplasmic reticulum membrane enzyme that Increased expression of SCD1 is related to Cancer progression
converts saturated fatty acids into monounsat- increased proliferation and metastasis of GC prognosis treatment
urated fatty acids
LPL Hydrolyze triglycerides in chylomicrons and Rs15285 genotype is associated with increased risk Cancer risk progression
VLDL in the bloodstream of GC, poor prognosis and increased malignancy ~ prognosis
of GC
SREBPs Transcription factors regulating genes for fatty SREBPs are involved in lymph node metastasis of ~ Cancer progression
acid and cholesterol biosynthesis, essential for cell GC treatment
proliferation and survival
ACLY Converts acetate to acetyl-CoA, crucial for fatty Increased expression of ACLY is associated with Cancer progression
acid and cholesterol biosynthesis lymph node and peritoneal metastasis of GCand  prognosis treatment
is a marker of poor prognosis
CPT1 Transports long-chain fatty acids into Overexpression of CPT1 is associated with Cancer progression
mitochondria for B-oxidation and regulating fatty  increased cell proliferation, metastasis and poor prognosis treatment
acid oxidation prognosis of GC
LXRs Nuclear receptors (LXRa/NRIH3 and Overexpression of LXRa has been implicated in

LXRB/NR1H2) crucial in metabolic pathways and
cellular processes

promoting invasion and epithelial-mesenchymal
transition of GC cells

ACC: Acetyl-CoA carboxylase; ACLY: ATP citrate lyase; ACSS: Acetyl-CoA synthetase; CPT1: Carnitine palmitoyltransferase 1; FABP: Fatty acid binding
protein; FASN: Fatty acid synthase; GC: Gastric cancer; H-FABP: Heart-type fatty acid binding protein; LXRs: Liver X receptors; pACC: Phosphorylated
acetyl-CoA carboxylase; GIST: Gastrointestinal stromal tumor; LPL: Lipoprotein lipase; SCD1: Stearoyl-CoA desaturase 1; SREBPs: Sterol regulatory
element-binding proteins; VLDL: Very low-density lipoprotein.

FUTURE DIRECTIONS

Emerging studies indicate that alterations in lipid metabolism within cancer cells may contribute to resistance to
anticancer therapies, driven by increased expression of enzymes involved in both lipogenesis and lipolysis[39]. Prior
research has primarily focused on traditional lipid risk factors, including triglycerides, high-density lipoprotein, low-
density lipoprotein, and very low-density lipoprotein[40-42]. Efforts to explore plasma lipid profiles across various cancer
types have faced challenges due to discrepancies in findings, underscoring the need for further investigation into the
complex interplay of lipid metabolism in cancer[2,6-10]. Some conflicting results stem from the limitations of standard
clinical blood lipid tests, which typically assess only total triglycerides, total cholesterol, low-density lipoprotein, high-
density lipoprotein, and their respective cholesterol components. A more nuanced understanding of plasma lipid
subfractions may enhance insights into the biochemical mechanisms underlying lipid metabolism dysregulation in
patients with GC[43].

The Lipids in Health and Disease study examined lipid metabolism-related genes in GC using data from The Cancer
Genome Atlas and Gene Expression Omnibus. This analysis identified key genes, such as glutathione peroxidase 3 and
N-nicotinamide methyltransferase, and established a predictive risk score to assist in prognostic assessments of overall
survival in patients with GC[44]. A comprehensive understanding of human health and disease requires an analysis of
the intricate molecular interactions across multiple levels, including the genome, epigenome, transcriptome, proteome,
and metabolome[45]. Integrating mass spectrometry imaging-based spatial metabolomics and lipidomics with
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Figure 2 Schematic representation of fatty acid metabolism reprogramming in gastric cancer cells[39]. The diagram highlights lipid uptake,
synthesis, storage, and breakdown, along with key enzymes and pathways involved in lipid-mediated cell signaling and energy production. Citation: Cui MY, Yi X, Zhu
DX, Wu J. The Role of Lipid Metabolism in Gastric Cancer. Front Oncol 2022; 12: 916661. Copyright® The Authors 2022. Published by Frontiers Media S.A. This is
an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not comply with these terms (https://creativecommons.org/Licenses/by-nc-nd/4.0/).
ACC: Acetyl-CoA carboxylase; ACLY: ATP-citrate lyase; ATGL: Adipose triglyceride lipase; ACSS2: Acetyl-CoA synthetase 2; CPT1A: Carnitine palmitoyltransferase
1A; DGAT1/2: Diacylglycerol acyltransferase 1/2; ELOVLS: Elongation of very long-chain fatty acids protein 5; FAs: Fatty acids; FABPs: Fatty acid binding proteins;
FADS1: Fatty acid desaturase 1; FAO: Fatty acid oxidase; FASN: Fatty acid synthase; HMGCR: 3-hydroxy-3-methylglutaryl-coenzyme A reductase; LDLR: Low-
density lipoprotein receptor; LDs: Lactate dehydrogenase; LXRs: Liver X receptors; MGLL: Monoacylglycerol esterase; MUFA: Monounsaturated fatty acid; PUFA:
Polyunsaturated fatty acid; SCD1: Stearoyl-CoA desaturase 1; SOAT1: Sterol O-acyltransferases 1; SREBPs: Sterol regulatory element-binding proteins; TCA:
Trichloroacetic acid.

microarray-based spatial transcriptomics reveals intratumoral metabolic heterogeneity and cellular interactions in GC.
This approach visualizes metabolic reprogramming associated with tumors and establishes connections between
metabolites, lipids, and genes within metabolic pathways, facilitating the identification of cell types and their distri-
butions in the tumor microenvironment. Unique transcriptional signatures and immunometabolic alterations at the
tumor-normal interface provide insights into tumor interactions with adjacent tissues[46]. Proton nuclear magnetic
resonance spectroscopy is a valuable tool in cancer research, allowing for the analysis of lipid subfractions based on
density, particle size, and chemical characteristics. This technique plays a critical role in understanding cancer
progression and its clinical implications[47-51]. While single-cell RNA sequencing has improved understanding of the
transcriptional regulation of intratumoral heterogeneity and tumor-associated cellular reprogramming, it does not
address cell-specific metabolite and lipid alterations or interactions within the gastric tumor microenvironment[52-55]
Table 2).

( Immlznotherapy targeting cancer-specific neoantigens derived from non-silent mutations offers promise for person-
alized cancer treatment. Shared neoantigens across patients may serve as a resource for developing T cell-based therapies.
The Cancer Genome Atlas data reveal widespread alterations in lipid metabolism pathways across various cancers,
including FA, arachidonic acid, and cholesterol metabolism, as well as peroxisome proliferator-activated receptor
signaling. While FA metabolism shows consistent gene expression profiles, variations in cholesterol and arachidonic acid
pathways indicate tissue-specific characteristics. Integrating gene expression, DNA methylation, and mutation data helps
identify regulatory factors influencing lipid gene expression, with immune-related differentially expressed genes
suggesting crosstalk between lipid metabolism and immune responses. Genes such as 3-hydroxy-3-methylglutaryl-CoA
synthase 2, glutathione peroxidase 2, and CD36, linked to both lipid metabolism and immune response, may provide
insights into potential tumor biomarkers or therapeutic targets, particularly for cancers with poor prognoses[24,25].
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Table 2 Technologies employed to study the role of lipid metabolism-associated genes in gastric cancer

Technology Description Uses and importance in GC

Mass Analytical technique identifying molecules based on their ~Detects biomarkers and metabolic alterations in GC tissues. Charac-

spectrometry mass-to-charge ratio. It provides quantitative and terizing the metabolic profile of GC cells for personalized treatment
qualitative analysis of compounds in a sample strategies

Single-cell RNA  Molecular biology technique enabling transcriptomic Identifies distinct cell populations within gastric tumors, aiding in

sequencing analysis of individual cells, revealing gene expression understanding tumor heterogeneity. Uncovering gene expression changes
patterns and cellular heterogeneity associated with cancer progression and metastasis

The Cancer Comprehensive database containing genomic, Provides insights into genetic alterations, molecular subtypes, and

Genome Atlas transcriptomic, and clinical data from various cancers, pathways involved in GC development. Facilitating the discovery of
including GC potential therapeutic targets and biomarkers for diagnosis and prognosis

GC: Gastric cancer.

Personalized medicine holds the potential for enhanced health outcomes, cost savings, and accelerated drug
development. Realizing this vision necessitates collaboration among various stakeholders: Patients participating in trials,
entrepreneurs developing genetic tools, regulators providing education, and policymakers enacting reforms. Physicians
must deepen their understanding of molecular disease mechanisms, while academics drive research innovation.
Information technology plays a crucial role in securing data, and stakeholders must explore viable business models.
Ultimately, personalized medicine aims to provide tailored healthcare solutions based on genetic insights.

Despite progress in adjuvant therapies, GC continues to be challenged by high recurrence rates and poor prognosis.
Trastuzumab, which inhibits HER2 heterodimerization, has significantly improved outcomes for patients with recurrent
or metastatic GC who exhibit HER2 overexpression or amplification. Additionally, other targetable mutations beyond
HER?2 present opportunities for treatment with tyrosine kinase inhibitors or monoclonal antibodies. The Cancer Genome
Atlas has identified four molecular subtypes of GC, highlighting its substantial heterogeneity and informing the
implementation of personalized genome-based therapies[26,27] (Table 3). The increasing accessibility of genetic testing,
driven by technological advancements and reduced sequencing costs, has facilitated its integration into standard medical
practice. Clinicians must recognize the importance of genomic medicine in their specialties to ensure timely and accurate
diagnoses and to guide treatment decisions effectively. However, comprehensive clinical data and input from various
specialties remain crucial for the accurate interpretation of genetic variants[56].

Table 3 Inhibitors of lipogenic enzymes involved in gastric cancer

Inhibitor Target Comment Ref.
Berberine FABPs Trigger cell apoptosis by regulating fatty acid metabolism [57]
Omeprazole ACLY Suppress de novo lipogenesis in gastric epithelial cells [58]
Orlistat FASN Increase survival from GC [59]
A939572 SCD1 Disrupts lipid homeostasis [60]
Perihexiline CPT1 Its combination with oxaliptin suppress progression of GIT cancer [61]
Avasimbe ACAT1 Target the metabolism of cholesterol of primary gastric tumors [62]

ACATI: Acetyl coenzyme A acetyltransferase; ACLY: ATP-citrate lyase; CPT1: Carnitine palmitoyltransferase 1; FABPs: Fatty acid binding proteins; FASN:
Fatty acid synthase; GC: Gastric cancer; GIT: Gastrointestinal tract 1, SCD1: Stearoyl-CoA desaturase 1.

CONCLUSION

Lipid metabolism-related genes are critical in the pathophysiology of GC. Key genes such as FASN, ACLY, ACCs, FABPs,
SREBP-1, SCD1, carnitine palmitoyltransferase, acetyl-CoA synthetase 2, LPL, and LXRs are involved in key processes
such as tumor growth, metastasis, metabolic reprogramming, and chemoresistance. FASN, ACLY, and FABPs are
promising biomarkers and therapeutic targets, with FASN influencing tumor progression and chemoresistance, and
ACLY facilitating growth and metastasis. ACCs, SREBP-1, and SCD1 contribute to metabolic adaptation, promoting
tumor survival and resistance to therapy, making them important targets for combined metabolic interventions. Carnitine
palmitoyltransferase enzymes and acetyl-CoA synthetase 2 regulate tumor cell energetics and immune evasion, while
LPL affects lipid uptake and metastatic spread. LXRs play dual roles in cancer, with LXRo promoting aggressiveness and
LXRB acting as a tumor suppressor, highlighting the complexity of lipid metabolism in cancer biology. Targeting these
genes holds potential for novel therapeutic strategies, and further research is essential to translate these findings into
clinical applications for improved patient outcomes.
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