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Cancer incidences are rising globally. Therefore, in order to prevent and treat cancer, understanding cancer pathology

is crucial. Tumors reprogram their metabolic phenotype to meet their needs for bioenergy, biosynthesis, and redox

control. Alteration of the metabolic pathway has been proposed as the hallmark of cancer and explains the distinction

between normal and cancer cells concerning nutrient utilization. Changes in the metabolism of nutrients such as glucose,

amino acid, and fatty acid are associated with cancer risk. Luckily, this can be controlled with lifestyle modifications.

Improvements in lifestyle behaviors to reduce cancer risks include a healthy diet, calorie restriction, and regular physical

activity. This review begins with the understandings of metabolic reprogramming in cancer. Then, there will be evidence

on the correlation between lifestyle factors and altered nutrient metabolism suggesting an application of lifestyle inter-

vention for cancer risk reduction.
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INTRODUCTION

Cancer is a group of diseases defined as the uncontrol-
lable proliferation and invasion of abnormal cells. The nor-
mal cells transform into cancer cells through a multistep
process including alterations in both molecular signature and
metabolic phenotype. The final stage of the invasion process
called “metastasis” potentially attributes to a fatal outcome.

The incidences of cancer morbidity and mortality are ex-

pected to increase rapidly over the next decades. Global
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Cancer Statistics (GLOBOCAN) estimated 18.1 million new
cancer cases and 9.6 million cancer deaths in 2018 [1,2],
marking cancer as the second major cause of death. America
alone had more than 16.9 million people alive with at least
one experience of cancer as of January 1 of 2019 [3].
Advances in cancer research; however, cannot overcome
challenges in cancer treatment since cancer cells evolve to
acquire resistance to the therapy and recur as secondary
cancer which in most cases, is more malignant and ag-
gressive [4]. The risk factors for cancer are strongly asso-
ciated with the consequences of population growth and so-
cial development [5]. The evolution of society is indis-
pensably linked with lifestyle changes that increase meta-
bolic diseases such as diabetes and obesity, metabolic dis-
order, and even cancer [6,7]. Nutrients such as red meat or
processed meat can increase risks of colorectal cancer
whereas calcium, fiber, milk, and whole-grain lower cancer

risks. This can be explained via the improvement of immune
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responsiveness, inflammation, and over-nutrient which are
risk factors for colorectal cancer development [8]. Different
from classical opinion, novel cancer trait also includes de-
regulating cellular energetics, which indicates the important
contribution of cellular metabolism in cancer development
[9]. Indeed, different from their normal counterparts, can-
cer cells display a diversity of metabolic reprogramming
which is controlled by not only intrinsic genetic mutations
but also the tumor microenvironment. This metabolic adap-
tation eventually supports cancer cells with energy in the
form of ATP as well as building blocks to maintain biosyn-
thesis capacity and the balance of redox status [10]. This
review will discuss the importance of changes in molecular
signatures and metabolic phenotype in understanding cancer
pathology and the importance of lifestyle factors on the re-
programming nutrient metabolism, strongly suggesting life-

style modification for cancer prevention and treatment.

MOLECULAR BIOLOGY OF CANCER

Centuries of cancer research has proven that cancer is a
disease involving dynamic changes in the genome. Cancer
development is associated with the mutations generating on-
cogene with a gain of function and tumor suppressor gene
with loss of function. Evidence indicates that tumorigenesis
is the result of a process driving the transformation of nor-
mal human cells into a highly malignant and invasive tumor,
which is in parallel with the instability of the genome. It
further suggests that the development of cancer is reflected
by the alterations of six manifestations including sufficient
growth signals, resistance to antigrowth signal, uncontrol-
lable replicative capability, sustained angiogenesis, tissue in-
vasion, and metastasis (Fig. 1) [11].

A growth signal is required for both normal cells and can-

T Growth signal

l / { Antiproliferative signal
\Apoptosis resistance

Invasion and metastasis \
Cancer

/ development
Angiogenesis I

Telomere maintenance

Fig. 1. Alteration of molecular biology during cancer develop-
ment.
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cer cells to move from a quiescent state into an active pro-
liferative state. These signals are transmitted into the cells
via transmembrane receptors. Normal cells are unable to
proliferate without those stimulatory signals while many on-
cogenes can mimic growth factors to induce cancer cell
proliferation. One typical example is the automatically ac-
tive Ras signaling cascade in 25% of human tumors which
provides the release of a flux of mitogenic signals into cells
without touching their upstream regulators [12].

Similar to the constitutive active transduction of growth
signal, cancer cells also show insensitivity to antiprolife-
rative signals. Those signals are also received by trans-
membrane cell surface receptors to inhibit cell proliferation
by keeping cells into the quiescent (Go) state or induce spe-
cific differentiation-associated traits. Some types of cancer
cells are known to evade these antiproliferative signals to
prosper. For example, they try to disrupt the retinoblastoma
protein (Rb) signaling to liberate the E2F transcription fac-
tor, and eventually continue the cell cycle [13].

The mechanism that cancer cells can expand uncon-
trollably is determined not only by the rate of cell pro-
liferation but also by the resistance mechanism to apoptosis,
a kind of programmed cell death. Apoptosis is triggered by
multiple physiologic signals which lead to membrane dis-
rupted and broken-down cellular skeletons. While normal
cells show normal apoptotic programs in all cell types
throughout the body, cancer cells exert the loss of proa-
poptotic regulators for example via the mutation of the p53
tumor suppressor gene [14].

Besides proliferation and apoptosis regulation, telomere
maintenance is an important characteristic to distinguish
normal cells from cancer cells. Cancer cells can upregulate
the expression of the telomerase enzyme which adds hex-
anucleotide repeats onto the ends of telomeric DNA [15].
This leads to telomere maintenance for limitless replication
of cancer cells.

Angiogenesis is also essential for cancer progression.
Indeed, oxygen and nutrients are important for cell function
and survival. Therefore, the vasculature is extremely re-
quired for tumors to grow. The tumor can activate the an-
giogenic process by changing the regulation between angio-
genic inducer and inhibitor. For example, they increased the

expression of Vascular endothelial growth factor (VEGF)



or basic fibroblast growth factor to induce the development
of endothelial cells leading to the generation of blood vessels
[16].

Tissue invasion and metastasis are the last stages of cancer
progression. It indicates the process that primary tumors
move out and invade adjacent tissues, which eventually
travels to a distant site to generate new cancer colonies. This
is also called metastasis which is responsible for cancer
death. One typical example is related to the changes in in-
tegrin expression which can support the invasion of cancer
cells. Cancer cells can shift the expression of integrin used
in normal cells to other integrins (e.g., @381 and aVA3)
which can degrade stromal components produced by ex-

tracellular proteases leading to favor metastasis [17,18].

REPROGRAMMING NUTRIENT
METABOLISM IN CANCER

Different from classical opinions, novel cancer trait also
includes deregulating cellular energetics as a new hallmark
of cancer [9]. Nutrients are required for cell survival since
it provides elements for energy generation and biosynthesis.
Nutrient balance is well regulated to maintain cell homeo-
stasis and cell proliferation. Therefore, any abnormality in
nutrient metabolism including glucose, amino acid, and lipid
metabolism can lead to a variety of metabolic diseases in-
cluding cancer.

Nutrients are required for cell survival since they provide
elements for energy generation and biosynthesis. By break-
ing down into simple components after food digestion, nu-
trients can enter the bloodstream for a further metabolic
process by various types of cells. Nutrient balance is well
regulated to maintain cell homeostasis and cell proliferation.
Therefore, any abnormality in cellular metabolism can lead
to a variety of metabolic diseases including cancer (Fig. 2).

The discovery of the Warburg Effect [19] has empha-
sized the role of glucose metabolism in cancer development.
This phenomenon is known as aerobic glycolysis which is
different from normal cells that mostly prefer glycolysis in
the absence of oxygen. Warburg effect accompanies the
faster incorporation of carbon into biomass which facilitates
rapid cell divisions. Moreover, by eliminating oxidative

phosphorylation which is the main source of reactive oxy-
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Fig. 2. Metabolic reprogramming in cancer cells. Different from
their normal counterparts, oncogenes can regulate cancer cells
to reprogram their metabolic phenotype to satisfy their demand
of bioenergy, biosynthesis and redox control.

gen species (ROS), it protects cells from excess oxidative
stress during proliferation [20]. While most of the cells re-
quire aerobic glycolysis for survival, some cancer cells also
show a dependency on glutamine, which is the most abun-
dant amino acid in the blood and muscle [21,22]. Many can-
cer cells express high levels of glutamine transporters to
support their high demand for glutamine [23]. After enter-
ing into the cells via transporters, glutamine is metabolized
into glutamate and then g-ketoglutarate which continues
the TCA cycle for energy production and macromolecule
biosynthesis [21]. Moreover, glutamine can supply nitrogen
sources for other non-essential amino acids and nucleotide
synthesis and provide glutamate for glutathione which is im-
portant to control intracellular ROS level [24]. In some tu-
mors with defective mitochondria, glutamine can be utilized
by the cancer cells via reductive carboxylation rather than
oxidative metabolism which glutamine-derived citrate can
provide acetyl-coenzyme A for both lipid synthesis and the
intermediates needed for the remaining TCA cycle metabo-
lites [25]. Besides glucose and glutamine metabolism, lipid
metabolism is also altered in cancer cells. While normal cells
usually use exogenous fatty acid, cancer cells are capable
of uptake and de novo synthesize fatty acid by upregulating
important enzymes. Fatty acids not only provide an efficient
source for ATP production but also serve as the important
signaling molecules or contribute to membrane components
[25]. Excess fatty acids can be stored in the form of lipid
droplets which cancer cells can exploit for energy require-
ment under nutrient starvation or metabolic stress [26].
Overall, cancer cells can reprogram their metabolism in the

most effective methods to help their survival against harsh
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tumor environments such as lack of nutrients and oxygen.
As the central regulator for metabolism, mitochondria are
the keys to tumor development by their ability to generate
ATP and building blocks as well as their capacity to produce
ROS and regulate apoptosis. Nuclear DNA and mitochon-
drial DNA are both essential for mitochondria assembly.
Mutations of mitochondrial genes were reported in many
cancer cell lines which highlights how alterations of mi-
tochondria lead to metabolic reprogramming [27]. For in-
stance, germline mutations in mitochondrial complex II suc-
cinate dehydrogenase were observed in patients with para-
gangliomas and phaeochromocytomas [28] or somatic mis-
sense mutations in isocitrate dehydrogenase can induce met-
abolic changes that promote tumor growth [29]. Therefore,
mitochondrial dysfunction is associated with malignant
transformation which contributes to tumorigenesis [30].
Cancer is driven by the alterations in oncogenes or tumor
suppressor genes such as the amplification of growth factor
receptors or inactivation of p53 as an important tumor sup-
pressor [31]. Although many mechanisms have been identi-
fied, the role of oncogenes in shaping metabolic phenotype
only got attention recently. For instance, c-myc is a well-
known oncogene regulating key enzymes in glycolysis
which support the Warburg Effect [32]. Also, Kras muta-
tion reprograms glutamine metabolism by upregulating as-
partate transaminase and suppressing glutamate de-
hydrogenase in pancreatic cancer [33]. This evidence for
oncogene-driven metabolic regulation provides underlying
mechanisms that can be further exploited for cancer therapy

development.

IMPLICATION FOR CANCER
TREATMENT AND PREVENTION

Metabolic reprogramming in cancer cells is a promising
target in cancer treatment since the dependency of cancer
cells on specific metabolic pathways makes those cells sus-
ceptible to metabolic perturbation (Fig. 3). Indeed, a gly-
colysis inhibitor 2-deoxyglucose (2-DG) is a well-known
anticancer treatment in most cancer cells [34]. Statins,
known as cholesterol synthesis inhibitors, are reported to
suppress RAS and growth factor receptor signaling path-

ways both of which are important for tumor growth.
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Fig. 3. Metabolic vulnerability as the promising therapeutic target
in cancer treatment and prevention.

Metabolite depletion is also employed for targeting cancer
such as recombinant arginine deiminase and arginase I
which decreases arginine level or L-asparaginase which is
effective for hematopoietic tumors [35-38]. Metformin, a
type 2 diabetes drug, can inhibit tumor growth alone or in
combination with other therapies which is also under clinical
trials [39]. Not only providing important targets for cancer
treatment but understanding cancer metabolism is also re-
quired for diet control in cancer patients. Indeed, nutrients
such as red meat or processed meat augment can increase
the risks of colorectal cancer whereas calcium, fiber, milk,
and whole-grain lower cancer risks. This can be explained
via the improvement of immune responsiveness, inflam-
mation, and over-nutrient which are risk factors for color-
ectal cancer development [8]. The ketogenic diet (KD)
which contains high fat, low carbohydrate, and adequate
protein is based on the Warburg effect. As most cancer cells
are dependent on glycolysis for survival, the limitation of
carbohydrate can deplete ATP source in cancer cells while
normal cells can utilize ketone bodies for survival. Besides,
KD also decreases blood glucose level as well as insulin pro-
duction which is important for cancer growth. Indeed, sev-
eral clinical trials have shown the effect of KD on suppress-
ing tumor growth in some types of cancer such as glio-
blastoma, prostate, colon, pancreatic, and lung cancer which
proposed the role of KD as adjuvant therapy in cancer treat-
ment [40,41].



MODIFICATION OF LIFESTYLE
BEHAVIORS FOR
CANCER RISK REDUCTION

Understanding the relationship between nutrient metabo-
lism and cancer risk is required for the application of life-
style medicine in cancer patients (Fig. 4). A meta-analysis
including three studies has shown that a post-diagnostic low-
fat diet can reduce the risk of breast cancer recurrence and
improve breast cancer survival [42]. Since overweight and
obesity have a direct linkage to breast cancer development,
it is essential to establish an intensive modification of life-
style behaviors including regular exercise and healthy diets
rich in fruit, vegetables, whole grains, and low in red meat
and saturated fat [43]. Since cancer cells require more nu-
trients to support their uncontrollable proliferation, calorie
restriction (CR) has been suggested to reduce the risk of
cancer. CR would mean chronic reduction of energy intake
by about 30% without malnutrition occurring. CR can ex-
tend lifespan and reduce age-related diseases including can-
cer [44]. A systemic review reported that CR displayed a
75.5% reduction in tumor incidence with a variety of tumor
models [45]. Chronic CR is challenging to apply to cancer
patients, it is more suitable to employ intermittent CR, CR
mimetic drugs, or other dietary regimens. Intermittent CR
has been suggested to increase the effect of chemotherapy
and radiation therapy in cancer patients [46,47] which in-
dicates a potential adjuvant therapy of intermittent CR. CR
mimetics with the application of pharmacological agents
such as metformin, a biguanide used in type 2 diabetes, or
resveratrol, a polyphenolic compound found in grapes, ber-
ries, and red wine are believed to sensitize cancer cells to
conventional anti-cancer therapies [48,49]. An alternative

dietary regimen such as a ketogenic diet is also helpful in
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Fig. 4. Lifestyle behavior modification for cancer prevention.
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combination therapies for cancer patients. The ketogenic di-
et (KD) which contains high fat, low carbohydrate, and ad-
equate protein can decrease blood glucose level as well as
insulin production which is important for cancer growth.
Indeed, several clinical trials have shown the effect of KD
on suppressing tumor growth in some types of cancer such
as glioblastoma, prostate, colon, pancreatic, and lung cancer
which proposed the role of KD as adjuvant therapy in can-
cer treatment [40,41]. In addition to diet control, physical
activity is known to improve cancer risk in most cancer
types [50]. Physical activity can increase or maintain muscle
mass and decrease fat mass. It is suggested that physical ac-
tivity reduced 25-30% the risk of breast cancer [51].
Therefore, it is important to promote the individual's moti-
vation to regularly exercise such as jogging, walking, or ex-
ercising at the gym.

Smoking is also known as the risk of many types of can-
cers such as lung, oral, pharyngeal, laryngeal, esophageal,
bladder, kidney, and pancreatic cancer. Supporting evidence
also implicates tobacco as a risk factor for other cancers,
including the cancer of the colon, stomach, and cervix, and
leukemia. Prevention of smoking is the best way to prevent
cancer; however, currently smoking cancer patients are ex-
pected to quit smoking also for risk of other diseases. People
who quit smoking live longer than continuing smokers. For
example, people who discontinue smoking before age 50
have as much as half the risk of dying in the next 15 years
than people who continue to smoke. Also, the reduction in
the risk of death compared with that for people who con-
tinue smoking can start shortly after quitting and lasts for
at least 10 to 15 years. Education plays an important role
in the cessation of tobacco use. Furthermore, the main-
tenance of a non-smoking lifestyle is critical to prevent the

risks of multiple types of cancer [52-55].

CONCLUSION

The pathology of cancer involves the alterations of mo-
lecular biology and metabolic characteristics. Different from
classical opinions which focus on the dysregulation of sig-
naling pathways, metabolic reprogramming has now become
the notable hallmark of cancer [9]. Many progress has been

made to elucidate the mechanism, biological influences, and
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clinical application associated with cancer metabolism. This
review has summarized opinions about common themes re-
lated to cancer pathology. First, alterations of both molec-
ular features and nutrient metabolism including glucose,
glutamine, and fatty acid metabolism can facilitate tumor
growth. Second, metabolic reprogramming is associated with
not only dysfunctional mitochondria but also the activation
of oncogenes. Finally, the diversity of metabolic features in
cancer cells suggests that the modification of lifestyle be-
haviors can be beneficial for cancer prevention and treat-
ment. Taken together, understanding cancer development
would provide insights to target cancer, which is one of the

deadliest diseases.
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