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Abstract. Metabolic reprogramming is an important charac-
teristic of tumor cells. Tumor cells reprogram their metabolic
pathways to meet the material, energy and redox force needs
for rapid proliferation. Metabolic reprogramming changes the
level or type of specific metabolites inside and outside cells,
and promotes tumor growth by affecting gene expression, cell
state and the tumor microenvironment. Glucose metabolism,
glutamine metabolism and lipid metabolism are significant
metabolic pathways in tumors. Targeting metabolic repro-
gramming can significantly inhibit tumor growth and induce
apoptosis. Metabolic reprogramming also plays an important
role in maintaining the growth advantage of tumor cells and
enhancing the chemotherapy tolerance of lung cancer. This
review summarizes abnormal changes in the metabolism of
glucose, fat and amino acids in lung cancer, and the under-
lying molecular mechanism, with the aim of providing novel
ideas for the prevention, early diagnosis and treatment of lung
cancer.
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1. Introduction

Lung cancer is a disease with high incidence and mortality
rates worldwide. At present, the pathogenic factors of
lung cancer have not been completely clarified. The most
common pathogenic factor of lung cancer is long-term and
high-frequency smoking (1). In addition, long-term exposure
to carcinogens, air pollution, human immune status, genetic
factors and metabolic activities have been associated with lung
cancer (2). Lung cancer is mainly divided into small cell lung
cancer (SCLC) and non-SCLC (NSCLC). The latter includes
lung squamous cell carcinoma, lung adenocarcinoma (LUAD)
and large cell cancer, accounting for ~85% of all lung cancer
cases (3). Although considerable progress has been achieved
in the targeted treatment of lung cancer in recent years, drug
resistance, recurrence and metastasis have brought great
difficulties (4). At present, surgical resection is still performed
for tumors that limit themselves to the primary location, but
80-85% of patients are already in the unresectable stage at
early diagnosis (5). In addition, the progress of lung cancer
treatment is limited by the adverse reactions of chemothera-
peutic drugs, the high resistance rate of targeted drugs and the
immune tolerance microenvironment of the tumor. Therefore,
novel strategies for lung cancer treatment need to be developed.

Metabolism is the energy and material basis of life
activities. Under normal circumstances, metabolism occurs
in the body in an orderly manner to ensure physiological
functions (6). However, tumor growth is a multi-factor and
multi-stage dynamic process. Some studies have shown that
the metabolic pattern of tumor cells is different from that of
normal cells (7-9). Metabolic change, also called metabolic
reprogramming, plays an important role in regulating the
occurrence and development of tumors. To meet the needs
of rapid proliferation and growth in a tumor microenviron-
ment with poor blood vessels and nutrition, tumor cells
undergo metabolic reprogramming to provide energy and
raw materials, maintain the steady state of cell redox and
regulate intracellular signal transduction (10). However, the
mechanisms underlying tumorigenesis and development
remain to be elucidated. Various metabolism-related genes
serve as oncogenes and tumor suppressor genes (11). It has
been shown that oncogenes such as MYC, NF-«xB and AKT
can regulate the enzymes in the glycolysis and glutaminolysis
pathways (12-14). MYC increases the transcription rate of
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GLUT transporter and hexokinase-2, which enhances glucose
uptake and retention (15).

Therefore, the present review summarizes the abnormal
changes in the metabolism of glucose, fat and amino acids
in lung cancer, and the molecular mechanisms behind them
to provide novel ideas for the prevention, early diagnosis and
treatment of lung cancer (Fig. 1).

2. Glucose metabolism

Metabolic reprogramming is an important marker of
cancer (16). A number of metabolic pathways in tumor cells
change to meet the material, energy and redox force needs for
rapid and continuous cell proliferation (17). In the 1920s, Otto
Warburg reported that cancer cells consume a large amount
of glucose even in the presence of oxygen, and most of this
is metabolized into lactic acid. This phenomenon is called
aerobic glycolysis or the Warburg effect (18). This process is
one of the important metabolic differences between cancer
and most normal tissues, and it is also the first tumor metabolic
reprogramming process. Under aerobic conditions, normal
cells consume oxygen through glycolysis, the tricarboxylic acid
(TCA) cycle and oxidative phosphorylation, thus completely
decomposing the glucose and producing a large amount of
ATP (34 mol ATP/mol glucose). Under anaerobic conditions,
the lack of oxygen prevents the complete degradation of intra-
cellular glucose. Glucose is partially degraded to pyruvate and
converted to lactic acid. The energy generated by this process
(2 mol ATP/mol glucose) is much lower than that generated by
oxidative phosphorylation (19). Although enhanced glycolysis
in lung cancer consumes a large amount of glucose and leads
to lactic acid accumulation, high levels of glucose have also
been found in the serum samples of patients with lung cancer.
Although glycolysis accelerates the decomposition of glucose,
several reactions in the glycolytic pathway are reversible and
participate in glucose resynthesis. Gluconeogenesis, carbo-
hydrate metabolism and lipogenesis can store and provide
energy by synthesizing glucose, which may be the reason for
the increase in glucose level in lung cancer (20).

Tumor cells produce intermediate metabolites through
glycolysis. These intermediate metabolites provide raw mate-
rials for biosynthetic pathways, such as nucleotides, lipids,
amino acids and reduced nicotinamide adenine dinucleotide
phosphate (NADPH), to meet the needs of rapid cell prolif-
eration (21). These metabolic pathways include the pentose
phosphate pathway for the production of RNA and NADPH,
the hexosamine pathway for protein glycosylation and glycogen
production, and the serine biosynthesis pathway (22-24).

The first step in glycolysis is glucose entering the cell
through the plasma membrane. Glucose transporters (GLUTS)
are important carrier proteins responsible for transporting
glucose. Treatment of A549 lung cancer cells with WZB117,
an irreversible inhibitor of GLUTI, reduces GLUT1 expres-
sion and glucose uptake; it also inhibits the growth of lung
cancer cells in cooperation with cisplatin and paclitaxel. The
addition of exogenous ATP alleviates this inhibitory effect,
which indicates that the inhibition of GLUTI prevents tumor
growth by blocking ATP synthesis (25).

After glucose enters the cell, the first irreversible reac-
tion is the production of glucose-6-phosphate catalyzed by

hexokinase 2 (HK2). Tumor cells promote glucose metabolism
by increasing glucose uptake and inducing high HK?2 expres-
sion (26). Targeting HK can reverse the drug resistance of
tumor cells (27). 2-Deoxy-D-glucose (2-DG) is a small-mole-
cule inhibitor targeting HK. 2-DG combined with Adriamycin
or paclitaxel can significantly delay tumor growth and prolong
the survival time of mice with NSCLC (28). Moreover,
inhibition of glycolysis by 2-DG can improve the sensitivity
of NSCLC with T790M secondary drug resistance mutation
to epidermal growth factor receptor (EGFR)-tyrosine kinase
inhibitor (TKI) (29).

In the second step, fructose-1,6-diphosphate is catalyzed
by phosphofructokinase 1 (PFK1). Fascin promotes the tran-
scription of PFKFB3 by promoting the binding of YAPI to a
TEADI1/4 binding site, which activates the expression of PFK1
and mediates glycolysis in lung cancer (30). Not only is PFK
expression upregulated in malignant tumors, platelet-type
PFK can also regulate the glycolysis level of lung cancer and
promote cell proliferation (31).

In the third step, pyruvate kinase catalyzes the conver-
sion of phosphoenolpyruvic acid and ADP to pyruvate and
ATP, respectively. Low-affinity pyruvate kinase M2 (PKM?2)
is highly expressed in lung cancer, and its upregulation is
often associated with the hypomethylation of the PKM2 gene
promoter. Silencing PKM?2 can improve the sensitivity of lung
cancer to the chemotherapy drugs cisplatin and docetaxel by
increasing apoptosis and inhibiting proliferation. PKM?2 is a
potential adjuvant therapeutic target (32,33). However, PKM1
rather than PKM2 shows tumor-promoting function in pulmo-
nary neuroendocrine tumors, including SCLC. This finding
challenges the view that PKM2 limiting glucose metabolism
is a prerequisite for tumorigenesis and provides a theoretical
basis for PKMI1 as a therapeutic target in SCLC (34).

The attenuation of the last reaction step promotes the
entry of intermediate metabolites into the above biosynthetic
pathway (35). However, the expression of lactate dehydroge-
nase (LDH) in lung cancer cells is upregulated (36), which
can convert pyruvate into lactate. In addition, lactate secretion
is increased, which is characterized by a high expression of
monocarboxylate transporter (MCT), as lactate retained in
cells inhibits the expression of PFK1 (37). Lactate secretion
into the environment can also promote the development of
tumors (38). Lactate, as a signal transduction substance under
hypoxia, activates the signal pathway associated with tumor
cell survival (39). Targeted lactate production is a possible
strategy to overcome tumor drug resistance. Inhibition of LDH
activity by small interfering RNA or oxalate can overcome
the drug resistance of tumor cells to paclitaxel and trastu-
zumab (40,41). In mice and patients with lung cancer, lactate
in tissues and circulation provides an equivalent carbon source
for the aerobic oxidation of normal and tumor tissues, and
its contribution to mitochondrial metabolism is no less than
that of glucose (38,42). Faubert ef al (42) injected *C-labeled
lactate into patients with lung cancer and found that lactate
can be used as the carbon source of the TCA cycle in patients
with different lung cancer types, and that the expression levels
of MCT1, MCT4, LDHA and LDHB in tumors are upregu-
lated. In the transplanted tumor model of human lung cancer
cells in mice, the levels of isotopic-labeled lactic acid and
isotopic-labeled TCA cycle intermediate metabolites at the
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Figure 1. Tumor metabolism in lung cancer. An overview of key metabolic pathways and their associated crucial molecules in lung cancer cells is presented.
Red arrows represent upregulated genes or metabolites involved in tumor metabolism, and the developed inhibitors are indicated. GLUT], glucose transporter
1; HK2, hexokinase 2; G6P, glucose-6-phosphate; PFK1, phosphofructokinase 1; PEP, phosphoenolpyruvic acid; PKM2, pyruvate kinase M2; MCT, monocar-
boxylate transporter; LDH, lactate dehydrogenase; FA, fatty acid; FASN, fatty acid synthase; ACC, acetyl-CoA carboxylase; ACLY, ATP-citrate lyase; GAC,
glutaminase C; ASCT?2, alanine-serine-cysteine transporter 2; ATBO+, amino acid transporter B®*; LAT1, Human L-type amino acid transporter 1; a-KG,
a-ketoglutarate; OA A, oxaloacetate; PDH, pyruvate dehydrogenase; GLS, glutaminase; KGA, kidney-type glutaminase.

tumor site are increased. Knockout of MCT1 in mice could
reduce the uptake of lactic acid by tumors (43).

The upregulated expression of these key glycolytic enzymes
in lung cancer cells is often closely associated with the abnor-
mally activated oncogenes and cancer-promoting signaling
pathways in cells. Hypoxia inducible factor-la. (HIF-1a) is an
important transcription factor involved in glycolysis regulation
in cells, which can directly transcribe and regulate the expres-
sion of multiple key glycolysis enzymes (44). The expression of
aldolase A in the glycolysis pathway is increased in NSCLC,
which consequently increases lactate activity to inhibit prolyl
hydroxylase activity and further induce HIF-1a (45). The posi-
tive feedback of lactate further promotes the aerobic glycolysis
of tumor cells. MYC is an important oncogene that promotes
the glycolysis of lung cancer cells by transcriptionally regu-
lating the expression of multiple key glycolytic enzymes (46).

3. Amino acid metabolism

Amino acid metabolic abnormalities include those in gluta-
mine, serine and glycine, among others, the most important of
which are the glutamine metabolic abnormalities (47). In addi-
tion to glycolysis, numerous tumor cells also rely on glutamine

to meet their bioenergy and metabolic needs. Although
glutamine is an important non-essential amino acid required
for cell proliferation, it is also an essential amino acid under
specific circumstances (48). Glutamine depends on glutamine
metabolism, provides metabolic energy for rapidly prolifer-
ating tumor cells, provides carbon and nitrogen sources for the
synthesis and metabolism of substances, such as nucleotides,
amino acids and fatty acids, and maintains the balance and
stability of cellular reactive oxygen species (49). Therefore,
similar to glucose, glutamine is considered the main nutrient
to promote tumor proliferation.

In tumor cells, glutamine can be transported into cells
by amino acid transporters as a substrate. Glutamine is then
converted into glutamate in the mitochondria and enters
the TCA cycle. Some amino acid transporters, such as
alanine-serine-cysteine transporter 2, amino acid transporter
B%* and Human L-type amino acid transporter 1, are overex-
pressed in lung cancer and upregulate the intake of glutamine
by cancer cells (50). Meanwhile, glutamine and glutamate play
important roles in the growth of pC9/IR-resistant cells. The
growth of erlotinib-resistant NSCLC depends on glutamine (51).

Clinical studies have found high plasma glutamine levels
in patients with malignant tumors (52). Glutamine can be
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converted into glutamate under the action of glutaminase
(GLS) for the synthesis of fatty acids and glutathione.
Antioxidant glutathione maintains the balance of redox reac-
tion in tumor cells, helps tumor cells resist oxidative stress and
prolongs tumor cell survival (53).

GLS is the starting and rate-limiting enzyme for glutamine
catabolism (54); it can be divided into renal GLS1 and hepatic
GLS2. Selective cleavage of GLSI1 precursor mRNA produces
two subtypes, glutaminase C (GAC) and renal glutaminase
(KGA), which have different regulatory activities (55,56).
Some studies have shown that the expression of GAC increases
in various types of cancer, such as breast cancer (57), lung
cancer (58) and acute myeloid leukemia (59), suggesting
that GLSI is closely associated with glutamine metabolism
reprogramming in various tumors.

Van den Heuvel et al(60) analyzed the GAC/KGA ratio in
45 NSCLC tissues and matched normal lung cancer tissues.
The study found that the ratio increases significantly in lung
cancer tissues, indicating that GAC plays a key role in tumor
metabolism. Transfection of the oncogene KRAS induces
the dependence of cells on glutamine. However, different
KRAS mutation sites may play different roles. For example,
lung cancer cells carrying KRAS-G21V mutation are less
glutamine-dependent than G12C or G12D mutant cells (60).
Recent studies have shown that KRAS and LKB1 co-mutants
lead to the invasion and metastasis of NSCLC, accompanied
by metabolic reprogramming (61).

4. Lipid metabolism

Lipids contain thousands of different types of molecules,
including glycerophosphingolipids, glycerides, fatty acids,
sphingolipids, sterol lipids, pregnenolone lipids, glycolipids
and polyketones. Lipids are widely distributed in organelles
and are a key component of all membranes (62). Lipid metabo-
lism provides energy for tumor cells, cell proliferation and
signaling molecule generation (63).

Fatty acid metabolism and lung cancer. In normal cells,
the de novo synthesis of fatty acids generally occurs only
in specific tissues, such as liver tissue, adipose tissue and
breast tissue during lactation (64). Rapidly proliferating cells
increase fatty acid synthesis, provide lipids for membrane
components, and are conducive to 3-oxidation and protein acyl
modification. Therefore, increased fat synthesis is extremely
important for highly proliferating cancer cells. When the
glucose level is low, tumor cells absorb fatty acids in the
surrounding environment for fatty acid metabolism, produce
metabolic intermediates, and then enter the TCA cycle to
produce ATP and nutrients required for tumor growth (65).
Fatty acids are usually stored in lipid droplets in the form of
triglycerides (TGs), and free fatty acids are released through
the action of adipose TG lipase, hormone-sensitive lipase and
monoacylglycerol lipase.

The biosynthesis of fatty acids begins with acetyl-CoA
carboxylase (ACC) carboxylating acetyl CoA in the cytoplasm
to produce malonyl CoA. Silencing ACC accelerates the
growth of lung cancer cells by promoting the redox balance
of NADPH (53). ND-646, an allosteric inhibitor of ACC, also
exerts an antitumor effect on NSCLC cells (66).

Fatty acid synthase (FASN) catalyzes the assembly of
malonyl CoA or acetyl CoA into fatty acids; it is also one of
the key enzymes in fatty acid anabolism. The increase in fatty
acid synthesis is due to the increase in FASN level, which
is closely associated with a poor prognosis, as confirmed in
various tumors, such as pancreatic and breast cancer (67,68).
Currie et al (69) found a high expression level of fatty acid
synthase in NSCLC. A high expression level of FASN not
only promotes the growth of tumor cells but also improves the
metastatic ability of NSCLC cells and cisplatin resistance (70).
Ali et al (71) found that the palmitoylation of EGFR is specifi-
cally expressed in mutated EGFR NSCLC with acquired TKI
resistance. Mutated EGFR activates FASN mediated by sterol
regulatory element-binding proteins (SREBPs), which conse-
quently promote the palmitoylation of EGFR. To produce
TKI resistance, orlistat, a selective inhibitor of FASN, can
inhibit this effect. Therefore, FASN is an attractive therapeutic
target. Most tumor cells rely on the FASN-mediated de novo
synthesis of fatty acids, whereas most non-tumor cells rely
on exogenous fatty acids. The first targeted drug of FASN,
TVB-2640, has entered clinical trials. Combined with pacli-
taxel, it can stabilize the disease progression in the medium
and long term (72,73).

Fatty acid synthesis can also be performed through reduc-
tive carboxylation. Glutamine-derived a-ketoglutarate is
catalyzed by isocitrate dehydrogenase (IDH) to form citric
acid (49). IDH mutations are associated with various tumor
types, including gliomas, myeloid malignancies and myelo-
dysplastic syndormes (74). Genetic hybridization of IDH2
mutant mice with carcinogenic FLT3 or NRAS alleles can
promote leukemia transformation by inhibiting myeloid cell
differentiation (75). The expression levels of FASN, ACC
and ATP-citrate lyase (ACLY) are upregulated in fatty acid
synthesis in various cancer types, including prostate cancer,
breast cancer, colorectal cancer, lung cancer, hepatocellular
carcinoma, pancreatic cancer, gastric cancer and multiple
myeloma. Inhibition of these enzymes prevents tumor growth
in vitro and in vivo (76-78).

ACLY is the most critical enzyme in glucose catabolism,
and cholesterol and fatty acid anabolism. In the presence of
ATP and CoA, it catalyzes citric acid in the cytoplasm to
produce acetyl CoA and oxaloacetate. Acetyl CoA is not only
an important raw material for the de novo synthesis of choles-
terol and fatty acids, but also a substrate for protein acetylation
modification. ACLY knockdown or inhibition with SB-204990
changes the metabolic pathway to reduce the occurrence of
mouse tumors and the formation of transplanted human
tumor cells (79,80). Acetylation of 540, 546 and 554 lysine
residues (3K) of ACLY polypeptide chain promotes lipid
biosynthesis and tumor growth. The acetylation level of ACLY
is significantly increased in lung cancer tissues (81). Further
investigations have confirmed that ACLY 3K is also a ubiquitin
modification site, and a competitive association exists between
them. Under high-glucose conditions, P300/calcium-binding
protein-associated factor acetyltransferase is activated to
promote ACLY acetylation, block ACLY ubiquitination
and degradation, improve its stability, and promote de novo
lipid synthesis and tumor growth (81). ACLY is a promising
therapeutic target for lung cancer; its product, acetyl CoA, is
not only an important metabolite, but also a substrate for the
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acetylation of proteins and nucleic acids. Therefore, inhibiting
its production affects de novo fatty acid biosynthesis.

Fatty acids entering the bioactive pool must be activated
by acetyl CoA synthetase (ACS) to produce fatty acid CoA.
Bioactive fatty acids contribute to protein palmitoylation, a
post-translational modification that is particularly important
in certain tumors (82). Triacsin C, a chemical inhibitor of ACS,
induces the apoptosis of lung cancer cells, and the expression
of ACS is negatively correlated with the overall survival of
patients with lung cancer (83).

The polyunsaturated fatty acid metabolism and biotrans-
formation pathways have a great impact on tumor apoptosis
and proliferation. A number of tumor cells highly express
clyclooxygenase (COX), lipoxygenase (LOX) and cytochrome
P450. These enzymes transform w-6 polyunsaturated fatty
acids into highly active arachidonic acid (AA) to regulate the
proliferation and apoptosis of tumor cells (84). Various w-3
metabolites of polyunsaturated fatty acids inhibit tumorigenic
pathways; for example, the eicosapentaenoic acid metabo-
lite w-3,17,18-epoxide cascade activates anti-proliferation
and pro-apoptosis pathways (85). Resolvins produced by
LOX metabolites are effective inhibitors of tumor-derived
inflammatory pathways (86). The cytosolic phospholipase
A2-AA-COX-2 pathway is an important signaling pathway of
inflammation, and some key factors of the pathway are associ-
ated with lung cancer. Overexpression of COX-2 initiates and
promotes lung cancer development (87,88).

Cholesterol metabolism and lung cancer. Cholesterol homeo-
stasis is strictly regulated by a complex protein grid, including
its intake, synthesis, efflux, metabolism and esterification.
High levels of cholesterol are found in prostate, breast, liver,
gastric, colorectal and lung cancer (89,90).

3-Hydroxy-3-methyl glutaryl CoA reductase is the
rate-limiting enzyme of cholesterol biosynthesis; it is upregu-
lated in lung cancer and the target of statins regulating plasma
cholesterol (91).

In a number of tissues and organs, cholesterol can be
converted to 27-hydroxycholersterol (27HC) through sterol 27
hydroxylase (CYP27A1). 27HC is the most abundant hydroxyl
cholesterol substance in the circulating blood; its role in cancer
mainly depends on the properties of endogenous SREBP and
the function of liver X receptor (LXR) regulator.

In normal cells, the rate of cholesterol production is
low, occurring through the transcriptional regulation of
key genes involved in lipid biosynthesis. Tumor cells can
regulate and activate SREBP through the PI3K/Akt/mTOR,
MAPK/ERK1/2, HIF-1a, p5S3 and SHH pathways to increase
the signal activity of growth factors or steroid hormone
receptors (92). In vivo, 27THC inhibits cholesterol synthesis by
regulating SREBP (93).

LXRs are members of the nuclear receptor family of
ligand-dependent transcription factors. Activation of LXRs
affects cancer progression in various ways. Specifically,
LXRs inhibit the proliferation, migration and invasion of
breast, prostate, ovarian, lung, skin and colorectal cancer
cells (94,95). 27HC is a risk factor for a number of cancer
types; it triggers a tumor response to endocrine therapy and
reduces the activation of estrogen receptor (ER) to promote
angiogenesis, proliferation, invasion and migration (96). By

contrast, 27HC inhibits cell viability, proliferation, invasion
and migration by activating LXRs in EGFR-mutated malig-
nant tumors, such as lung cancer and colon cancer (97,98).
Lung cancer tissues are rich in 27HC, and the expression of
27THC synthase CYP27A1 in lung cancer cells is also higher
than that in normal lung cells. 27HC may be the main source
of lung cancer occurrence and development (99). Existing
research results show that 27HC promotes lung cancer cells
proliferation in an ERf-dependent manner. The role of 27HC
is not affected by the membrane-bound ER G protein-coupled
receptor 30. Conversely, the role of 27HC is not associated
with the activation of EGFR or MAPK, but is mediated by
the PI3K/Akt signaling pathway. In other respects, 27HC
promotes the production of osteoclasts in the microenviron-
ment of LUAD by inhibiting the expression of miR-139 and
activating the STAT3/c-Fos/NFATcl pathway to accelerate
bone metastasis (100). A high-cholesterol diet upregulates
the level of 27HC in vivo, whereas 27HC downregulates the
cholesterol level of ER-negative NSCLC A549 cells by acti-
vating the LXR signaling pathway, and inhibits the activity
and proliferation of A549 cells.

Cholesterol is also involved in the drug resistance of
tumor cells. For example, Chen et al (101) observed that the
cholesterol level is significantly higher in the lipid raft of
gefitinib-resistant cells than in that of gefitinib-sensitive cells
in NSCLC. After depletion of lipid raft cholesterol, the cells
recover their sensitivity to gefitinib. Colenemine and betulin
improve the sensitivity of patients with NSCLC to gefitinib by
inhibiting SREBP/SCAP or SREBP (102).

5. Conclusion

Carcinogenesis is a complex process involving multiple
genes and steps. In cell carcinogenesis, the imbalance
in cell metabolism is not only an important biochemical
basis for maintaining various malignant phenotypes, such
as tumor cell growth, proliferation and apoptosis, but also
a result of the imbalance of the intracellular regulation
grid; it involves the activation of oncogenes, the inactiva-
tion of tumor suppressor genes and gene mutations. With
the continuous development of metabolomics, genomics,
proteomics and other associated disciplines and technolo-
gies, great breakthroughs have been achieved in the research
into the metabolic reprogramming of lung cancer in recent
years, and the molecular mechanisms underlying metabolic
reprogramming have been gradually understood. However,
tumor metabolic reprogramming includes different meta-
bolic pathways that usually involve several regulatory genes,
metabolic enzymes and signaling pathways. The research
progress associated with lung cancer metabolism is far less
than expected, and each metabolic pathway and its specific
regulatory mechanism need to be further studied. The
identification of the specific metabolic enzymes or metabo-
lites involved in the occurrence and development of lung
cancer, and the elucidation of their roles and mechanisms in
tumorigenesis warrant further investigation.
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