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Abstract

Exercise can enhance motivation to change lifestyle behaviors, improve aerobic fitness, improve physical function, control fatigue, and enhance

quality of life. Studies have demonstrated the benefits to be gained from physical exercise, highlighting the importance of popularizing the concept

of physical exercise for individuals and making professional exercise-treatment programs available to patients with cancer. However, the correla-

tion between physical exercise and carcinogenesis is easily overlooked, and exercise interventions are not routinely provided to patients with can-

cer, especially those with advanced cancer. In this article, we present a literature review of the effects of exercise on cancer development and

progression and give recent evidence for the type of exercise best suited for different types of cancer and in different disease stages. Moreover, the

molecular mechanisms about regulating metabolism and systemic immune function in cancer are summarized and discussed. In conclusion, physi-

cal exercise should be considered as an important intervention for preventing and treating cancer and its complications.
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1. Introduction

Exercise can enhance motivation to change lifestyle

behaviors, improve aerobic fitness and physical function,

control fatigue, and enhance quality of life. As a nondrug

intervention and prevention measure, exercise also helps to

reduce the risk of cancer. More important, physical exercise

plays a role in a variety of cancers during cancer treatment.

For example, it can reduce treatment-related toxic and side

effects and enhance the curative effect of other treatments.

Therefore, it is necessary not only to investigate the influ-

ence of physical exercise on all aspects of cancer but also to

determine the type, amount, and intensity of exercise that

has an effect. Cancer treatment also requires patients to

adopt an exercise scheme and follow physical exercise

guidelines according to their practical needs. Long-term moni-

toring of exercise training for cancer survivors can effectively
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improve their muscle strength, cardiopulmonary function, phys-

ical function, and self-reported physical function.1

2. Physical exercise reduces cancer risks

The effect of exercise in reducing cancer risk is different in

different kinds of cancer. Although no causal relationship

between exercise and risk of cancer has been shown, research

does show that improvement in lifestyle can reduce the inci-

dence of cancer. For example, the risk of cancer can be

reduced by exercising at least 3�5 h per week, with women

benefiting from appropriate high-intensity activities, such as

heavy housework and dancing, which are considered to be

effective in lowering the risk of breast cancer.2 In a study,

those who exercised experienced a decrease in the risk of

breast cancer ranging from 15% to 20% and a decrease in colo-

rectal cancer by 24%.3 Exercise intervention has been found to

reduce the risk of breast cancer in postmenopausal women4

and has been shown to prevent autonomic nervous dysfunction

in patients with breast cancer.5 Lifestyle changes brought

about by physical exercise also have a positive impact on the

incidence of colorectal cancer. In 126 studies assessing the
ercise in cancer prevention and treatment. J Sport Health Sci 2021;10:201�10.
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impact of exercise on colorectal cancer, the risk of colorectal

cancer was 19% lower for individuals who had higher levels

of exercise than for those who had lower levels.6 In a review

of gastric cancer studies that included 10 cohort and 12 case-

control studies,7 the risk of cancer was 19% lower among those

who had more physical exercise compared with those who had

less. Some studies have demonstrated that obesity is one of the

high-risk factors for endometrial cancer.8 A review of 33 stud-

ies showed that exercise reduced obesity, and women with

high levels of exercise were 20% less likely to develop endo-

metrial cancer than women with low levels of exercise.9 Like-

wise, a review of esophageal cancer studies that included 9

cohort and 15 case-control studies showed that the risk of

esophageal cancer for those who had the most physical exer-

cise was 21% lower than for those who had the least.10 In a

study with more than 1 million participants, physical exercise

carried out in the participants’ spare time reduced the risk of

kidney cancer by 23% and lowered the risk of bladder cancer

by 13%.11 A review of 4 case-control and 11 cohort studies

found that the risk of bladder cancer was reduced by 15%

among those who had higher levels of physical exercise com-

pared with those who had lower levels.12 In a review of 25

studies, smokers who exercised had a lower risk of lung cancer

than those who did not exercise, but there was no difference in

the risk of lung cancer among nonsmokers who exercised com-

pared to those who did not.13 For other cancers, such as blood

cancer, pancreatic cancer, ovarian cancer, thyroid cancer, and

liver cancer, there is only limited evidence that exercise

reduces the risk of carcinogenesis.

The variance of cancer risk based on the type of cancer

occurs mainly because different cancers and cancer subtypes

have varying sensitivities to physical exercise; for example,

the sensitivity of hormone receptor states to physical exercise

different. Patients with the subtype of human epidermal

growth factor receptor 2 (HER2) �/estrogen receptor (ER) + /

progesterone receptor (PR) + / low degree are particularly sen-

sitive to exercise. Their recurrence risk of recurrent breast can-

cer is reduced, whereas the risks of patients with other gene

backgrounds are not.14 In a study using the model of mice with

p53-deficient mouse mammary tumor virus-wingless type-1

(MMTV-WNT-1) breast cancer, exercise therapy did not yield

a high survival rate or low cancer incidence, which may have

been due to the strong effect of the driving gene mutation

affecting exercise sensitivity.15 The study demonstrated that

sensitivity to exercise was different due to the different hor-

mone receptors and driving genes, and the effect of exercise

on inhibiting cancer was restricted by other factors.

In conclusion, exercise can reduce the risk of cancer based

on the type of cancer, and the sensitivity response to exercise

for different cancer subtypes also varies.

3. Impact of physical exercise on cancer treatments

3.1. Physical exercise reduces adverse events related to

cancer treatment

Cancer treatments such as chemotherapy and targeted ther-

apy can produce fatigue, cognitive decline, depression, bone-
mass reduction, muscle-mass reduction, cardiac toxicity, and

other adverse reactions. These adverse reactions may lead to

poor quality-of-life effects and poor treatment effects. Adverse

reactions are also one of the reasons that cancer patients cannot

adhere to or tolerate the treatment, so the treatment can also

affect the survival period of the disease. However, several

studies have demonstrated that the maintenance of physical

activity can prevent some treatment-related adverse reactions.

Exercise training, as it relates to cancer and its treatment, can

affect cancer specificity and physiological and psychosocial

results.16 In a large-scale clinical research study involving

exercise as a treatment method, 301 patients with breast cancer

in chemotherapy were divided into several groups, including a

high-level (High) group, which participated in nearly 1 h of

aerobics; a standard (Stan) group, which participated in aero-

bics for half an hour; and a combined (Comb) group, which

participated in 1 h of exercise that consisted of resistive exer-

cise and aerobics. The research showed that the benefits of the

exercise intervention for the Comb group were greater, with

muscle strength being significantly better than in the other 2

groups. Compared with the Stan group, the endocrine symp-

toms in the Comb group were significantly improved, while

the exercise intervention for the High group provided multiple

positive effects for breast cancer, including improved endo-

crine symptoms, the Medical Outcomes Study 36-Item Short-

Form Health Survey (SF-36) body pain and SF-36 body com-

position summary.17

It is thought that patients with cancer who are receiving tra-

ditional treatments should have more rest to relieve fatigue

related to the treatments, but this is contrary to the view that

physical exercise can alleviate cancer-related fatigue. In fact,

research shows that physical exercise during chemotherapy

can significantly alleviate cancer-related fatigue and that

physical exercise and resistance training can prevent lymph-

edema caused by chemotherapy, thus balancing the damage

caused by nerve agents.18 A review of 42 trials involving

3816 subjects showed that exercise alleviated fatigue (stan-

dardized mean difference (SMD) = 0.32, 95% confidence

interval (95%CI): 0.13�0.52).19 A summary of research

involving 56 trials with 4068 patients revealed that aerobic

exercise significantly improved the fatigue level of patients

in the postoperative and treatment process (SMD = �0.27,

95%CI: �0.37 to �0.17).20 Some studies have confirmed

the association between oxidative stress and cancer-related

fatigue; it has been shown that a correlation exists between

oxidative stress markers in cerebrospinal fluid and treat-

ment-related fatigue in school-aged children with leuke-

mia.21 However, it is not clear whether the level of systemic

oxidative stress is caused by cancer, or whether the local

cancer microenvironment, including cancer hypoxia, perfu-

sion, cancer cell metabolism, and anticancer immune pheno-

type, is affected by physical activity.

The most detailed studies of the relationship between the

adverse effects of cancer treatments and physical exercise

have occurred for 2 types of cancer: breast cancer and prostate

cancer. Breast cancer is more common among women, and

most patients are postmenopausal, hormone-receptor-positive
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at the time of diagnosis. Aromatase inhibitors are the main

types of endocrine therapy, which help to improve the disease-

free survival rate and the overall survival rate. However, the

main side effects of aromatase inhibition are decreased cogni-

tive ability and bone mass. Quality of life is affected when

cognitive decline occurs, with Alzheimer’s disease being an

example. Exercise is believed to improve cognitive function

and reduce cognitive decline caused by disease-related estro-

gen deficiency22 and, perhaps, can even prevent cognitive

impairment caused by estrogen deficiency.23 Exercise is

believed to improve cognitive degradation by reducing hor-

mone stimulation of hormone-dependent cancer and the per-

meability of the vascular wall due to invasion by metastatic

cells.24 Interestingly, however, the protection provided by

exercise for osteopenia can have a more significant clinical

effect for premenopausal women than for postmenopausal

women.25 Planned physical activity is recommended during

breast cancer treatment because it can protect against heart

toxicity caused by treatment.26 Exercise and protein support

can provide relief in the precachexia stage of malignant tumors

because it lowers amino acid stimulation and protein synthesis

resistance, thus increasing muscle mass and strength.27 Simi-

larly, for prostate cancer, physical exercise can improve

adverse reactions caused by androgen-deprivation therapy.

The prescription of exercise can relieve insulin resistance and

metabolic syndrome caused by muscle loss as well as

increased risk of cardiovascular events.28 Multimodal exercise

training, which includes aerobic training, progressive resis-

tance training, and control training, can attenuate the adverse

effects of treatment with androgen deprivation therapy such as

cognitive decline.29

Body response to exercise varies for different type of can-

cers. In a clinical study, 319 survivors of cancer who had had

different cancer types were prescribed multimodal exercise

3 days per week in order to evaluate body function. The fatigue

index decreased significantly for gynecological cancer, blood

cancer, colorectal cancer, and breast cancer; systolic blood

pressure decreased significantly for gynecological cancer and

breast cancer; heart rate decreased significantly for breast can-

cer and colorectal cancer; and oxygen uptake peak value

improved significantly for prostate cancer, other male urogeni-

tal cancers, blood cancer, breast cancer, and adenocarcinoma

epithelial neoplasms.30

In conclusion, physical exercise can improve fatigue

related to cancer treatment by improving oxidative stress and

reducing hormone stimulation, which can significantly

improve cognitive function, muscle mass, bone mass, and

cardiac toxicity caused by endocrine therapy in prostate can-

cer and breast cancer.
3.2. Exercise enhances the curative effects of cancer

treatment

Cancer patients usually choose traditional treatments, such

as surgery, radiotherapy, chemotherapy, targeting, and immu-

notherapy, and these treatments can inhibit cancer. The bene-

fits of including exercise in the treatment process has been
shown; exercise not only reduces the toxic and side effects of

treatment but also improves the therapeutic effect of these

treatments.31

In terms of first-line treatment of most solid cancers, radical

resection of malignant tumors is the most common treatment.

Studies have shown that postoperative weakness in patients

can be improved with sports training, thus reducing postopera-

tive complications and postoperative hospital-stay days.32 It is

known that the proliferation and metastasis of cancer cells dur-

ing the operation significantly reduces the positive surgical

effect, leading to postoperative metastasis and affecting the

prognosis and survival of patients.33 The efficiency of radio-

therapy as a cancer treatment can also be improved by physical

exercise. Some research has shown that the combination of

resistance training and radiotherapy can significantly improve

the bone density of spinal bone metastases.34 Recent research

also shows that radiotherapy can increase the infiltration of

natural killer (NK) cells to promote immune response.

Although the single factor of exercise training does not

affect the NK1.1 staining and gene expression of killer cell

lectin-like receptor K1 (KLRk1) and interleukin-2 receptor

b (IL-2Rb), it does increase when radiotherapy is increased

and the effect of exercise combined with radiotherapy is

enhanced.35 NK cell activation combined with exercise has a

positive effect on systemic blood flow perfusion. Cancer cell

apoptosis can be improved with exercise,36 which also

improves the anticancer effect of radiotherapy. When blood

perfusion is sufficient, cytotoxic drugs and immune cells can

be transported to the inside. Exercise enhances blood perfusion

and the temperature of whole body. Similarly, the specific

immune response from immunotherapy also needs to be

released in order to play a role. Research shows that the mech-

anism of blocking the axis of programmed cell death-1 may be

induced by the specific immune response released in a specific

cancer in order to induce the clinical effect.37 Programmed

cell death-1 can increase the infiltration of immune cells in

cancer and be regulated by exercise before treatment. Many

studies have shown that cancer patients are more likely to

respond to treatment when the treatment is characterized by

rapid infiltration of immune cells.38 In addition, exercise plus

chemotherapy has prolonged the growth delay of breast can-

cer; exercise reduced hypoxia, increased microvascular den-

sity, increased blood perfusion, and normalized the vascular

network in the cancer.39 Increasingly, studies have demon-

strated the beneficial effects of exercise in improving the cura-

tive effect of chemotherapy. It has been found that, compared

with sedentary mice with pancreatic duct cancer, the forced

exercise mode of gemcitabine with 60%�70% exercise ability

can inhibit cancer development; however, the elimination of

the suppressive effect was shown in platelet reactive protein 1

gene knockout mice.40 The results indicate that the beneficial

effects of combining exercise and chemotherapy can be pro-

duced when exercise normalizes blood vessels because of

increasing blood perfusion. Exercise can promote normal

angiogenesis in cancer, which is an opposite treatment strategy

for currently popular anti-angiogenic drugs such as those used

for colon cancer. In terms of anti-angiogenic therapy, future



204 Q. Wang and W. Zhou
studies should determine the effect of exercise on vascular per-

fusion and angiogenesis and evaluate the final therapeutic

effect. As shown in Fig. 1, exercise plays so many different

roles in the treatments of cancer, incorporating exercise into

cancer treatment is of great significance.

In conclusion, physical exercise together with surgery, che-

motherapy, radiotherapy, immunotherapy, and other cancer

treatments can play a role in inhibiting cancer cell growth by

improving the cancer microenvironment, including increasing

blood-flow perfusion, promoting the formation of normal

blood vessels, and activating immune cells in the body.
4. Exercise improves cancer prognosis

Exercise can ameliorate the curative effects and related

adverse reactions to cancer treatment, but the core problem for

clinicians is whether exercise can affect cancer prognosis

and survival. Studies have shown that there is no strong posi-

tive correlation between exercise and survival rates for

non-Hodgkin’s lymphoma, gastric cancer, and other related
Fig. 1. Roles and mechanisms of physical exercise in cancer prevention and treatm

cancer treatment, enhancing the curative effects of cancer treatment, and reducing

cancer metabolism, and regulating the immune environment are the main mechan

treatment. adiporR1 = adiponectin receptor 1; Akt = protein kinase B; AMPK =
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cancers.41 However, survival rates for breast cancer, prostate

cancer, and colorectal cancer may be improved through mod-

erate exercise.42 A number of clinical studies have confirmed

that exercise affects cancer survival rates and prognosis to a

certain extent. A prospective study investigated 6295 survivors

of breast cancer survivors (after 5 years of estrogen receptor

(ER) positive I�III), who exercised 4.9�17.4 metabolic

equivalent task (METs) h/week and � 17.4 METs. With the

increase of exercise (hazard ratio (HR) = 0.81, 95%CI:

0.71�0.93), the all-cause mortality rate decreased (HR = 0.71,

95%CI: 0.61�0.82).43 A clinical trial including 830 patients

with Stage II�IV prostate cancer demonstrated that with con-

tinuous exercise before and after diagnosis, patients survived

at least 2 years, and the all-cause mortality rate was lower than

for patients who did not exercise continuously.44 In a prospec-

tive study involving 832 patients with Stage III colon cancer,

an exercise intervention was implemented 6 months after che-

motherapy, with the time dose of exercise related to the prog-

nosis. The 3-year disease-free survival rate for those patients

with more than 18 METs of exercise was 84.5%, and the
ent. The roles of physical exercise include reducing adverse effects related to

cancer risk. Inhibiting cancer cell proliferation, inducing apoptosis, regulating

isms by which physical exercise produces benefits in cancer prevention and
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3-year disease-free survival rate for patients with less than 18

METs was 75.1%.45 The change in lifestyle habits, including

diet and exercise, is more significant in colorectal cancer.46

For example, Meyerhardt et al.47 carried out a prospective

study in women with Stage I�III colorectal cancer and demon-

strated that the patients who self-administered exercise in their

leisure time had a decrease in their mortality rate depending

on the increase in the number of times they exercised per week

(HR = 0.39, 95%CI: 0.18�0.82). Exercise can affect the prog-

nosis by improving body mass index related to diet, which

requires fewer than 3 METs before diagnosis and 3�9 METs

after diagnosis of colon cancer, but the improvement of prog-

nostic factors was not affected by the additional increase of

more than 9 METs.

The effects of diet changes following colorectal cancer

diagnosis needs further study. An ongoing multicenter

Phase III clinical trial studying the effects of combined high-

intensity aerobic and resistance training on metastatic castra-

tion-resistant prostate cancer with respect to the overall sur-

vival rate is worth paying attention to.48 Most clinical studies

have involved patients with intermediate-stage prostate can-

cer who, with exercise, have more enthusiasm and can toler-

ate the discomfort and pain caused by advanced cancer.

Therefore, it is worth considering whether multiple forms of

exercise can yield benefits when patients are in the advanced

stages of cancer.

In conclusion, exercise improves cancer prognosis and sur-

vival, especially in breast cancer, prostate cancer, and colorec-

tal cancer.
5. Molecular mechanisms of physical exercise in cancer

prevention and treatment

5.1. Exercise inhibits cancer cell proliferation and induces

apoptosis

Several studies have demonstrated that exercise inhibits, to

some extent, cancer cell proliferation. The proliferation of 3

negative breast cancer cells decreased when they were cultured

and incubated in serum induced by exercise.49 The study found

that the colony-forming ability of triple-negative breast cancer

cells in soft agar was significantly reduced.49 It has also been

reported that physical exercise in mice can inhibit the malig-

nant transformation of carcinoma in situ because exercise

reduces fasting blood glucose and improves glucose

response.50 In cancer-bearing mice models, the incidence and

proliferation of cancer cells decreased by 60% due to volun-

tary wheel movement, and the immune system of mice is ready

to response after 4 weeks of pretraining before tumor inocula-

tion, so part of the exercise effect may kill cancer cells in the

transplanted cancer site.51 It has been shown that physical

activity in rats fed with a high-fat diet reduces the proliferation

characteristics of multiple Michigan cancer foundation-7 cells

and the percentage of S-phase cells.52 Although studies have

shown that exercise can inhibit cancer cell proliferation to

some extent, no studies have shown that exercise can make

malignant tumors disappear.
Exercise intensity in relation to the inhibition of cancer-cell

proliferation has been studied frequently. In animal studies,

moderate-intensity training can inhibit cancer cell proliferation

and induce apoptosis,53 which emphasizes the protective ben-

efits of moderate-intensity training.54 With an increase in

exercise intensity, the expression of Ki-67 antigen also

increases.55 However, strenuous exercise can show a carcino-

genic effect.56 Recent research indicates that low-intensity

exercise does not inhibit cancer cell proliferation, while mod-

erate- and high-intensity exercise do, and exercise intensity

levels include both those lower than the recommended inten-

sity for cardiovascular health (less than 35% of the maximum

exercise intensity, or the recommended intensity for improv-

ing cardiovascular health) and 70% of the maximum exercise

intensity.57�59

What is the mechanism behind this inhibiting effect? Stud-

ies have shown that moderate swimming exercise can improve

the dopamine level in prefrontal cortex, serum, and cancer tis-

sues of mouse models; the dopamine receptor 2 (D2) binding

to dopamine regulates the kinase phosphorylation and trans-

forming growth factor-b1 (TGF-b1) by extracellular signal

regulation to inhibit cancer cell proliferation and the occur-

rence of lung metastasis.60 Cancer cell proliferation and other

basic biological processes are related to the Hippo signal,

which is also the main mechanism of cancer cell inhibition.61

Phosphorylation can activate the Hippo signal to inhibit the 2

homologous transcription factors: the Yes-Associated Protein

(YAP) and Transcriptional Co-activator with PDZ-binding

Motif (TAZ). Phosphorylation isolates YAP/TAZ from the

cytoplasm and inhibits its target genes, which are involved in

the induction of genes for cancer cell proliferation and sur-

vival.62 However, the Hippo signal is inhibited by most G-cou-

pled receptor ligands, and acute exercise induces

catecholamine, which stimulates the Hippo signal through the

b-adrenergic receptor, leading to YAP/TAZ inactivation.61,63

The increase in catecholamine was multiplied several times dur-

ing acute exercise, but it quickly recovered to the baseline level

after exercise stopped. The chronic upregulation of stress fac-

tors, including catecholamine, was related to the increase in can-

cer progression.63 As a member of the Interleukin 6 (IL-6)

superfamily in breast cancer, leukemia inhibitory factor, as an

upper-reaches inhibitor, suppresses breast cancer metastasis

through Hippo and YAP signals.64 Studies of weight control

through exercise have shown that the main mechanisms

involved in repairing DNA are reducing cancer gene expression,

enhancing the ability to scavenge reactive oxygen species, and

changing hormone levels related to cancer.65 As mentioned in a

variety of studies, body weight controlled by exercise brings

about changes in body hormones because hormones play a posi-

tive role in the cell-growth process. Insulin-like growth factors

(IGFs) exert influence on mitosis and anti-apoptosis and also

affect the proliferation and differentiation of cancer cells.66

Some studies involving postmenopausal women have shown

that after 6 months of walking training, IGF-1 and IGF-3 are

significantly lower in exercising women than in non-exercising

women.67 IGF binding protein-3 (IGFBP-3) regulates the mito-

sis of IGF, and its anti-apoptosis effect is inhibited in breast
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cancer cells.68 Studies have shown that weight loss reduces lev-

els of IGF-1, insulin, and leptin in mouse models of skin cancer,

leading to the reduction of IGF-1-related signaling pathways,

including rat sarcoma-mitogen-activated protein kinase (Ras-

MAPK) proliferation and protein kinase B (known as Akt)

-phosphatidylinositol 3 kinase (PKB/AKt-PI3K) anti-apoptosis;

IGF-1 targets PKB/Akt and the adenosine monophosphate

(AMP)-activated protein kinase pathway, leading to cell cycle

inactivation and cancer suppression.69

Studies of the effect of exercise on cancer development

have been carried out in humans and in some animal models

with various kinds of malignant tumors. In patients with renal

cell carcinoma and pancreatic ductal carcinoma and mela-

noma, exercise can inhibit the up-regulation of the same

microphthalmia/transcription factor E (MiT/TFE) gene, and

the proliferation of cancer cells are thus ultimately inhibited.70

The inhibitory effect of exercise on cancer cell proliferation is

mediated by mammalian target of rapamycin (mTOR) targets,

which are expressed in the liver, brain, fat, and skeletal mus-

cle.71 Exercise can also induce apoptosis of tumor cells in skel-

etal muscle. Related mechanisms for this process are as

follows. Studies have shown that after chemotherapy, the

muscles of mice are obviously atrophic, and exercise can

inhibit muscle reduction, which can be achieved by restoring

autophagy or mitosis caused by drugs and restoring mitochon-

drial function.72 Skeletal muscle produces myogenic IL-6 dur-

ing the physical exercise process, which can reduce the

activity and production of tumor necrosis factor a (TNF-a); in
the meantime, IL-6 alleviates the fatigue caused by cancer.73

In mice models and human patients with colon cancer, regular

exercise induces skeletal muscle to produce secreted protein

acidic and rich in cysteine (SPARC), increases the cleavage of

caspase-3 and caspase-8, promotes cell apoptosis, and inhibits

colon cancer.74 Fig. 1 shows the mechanisms by which exer-

cise inhibits cancer cell proliferation and induces apoptosis.

In conclusion, only moderate-intensity exercise exerts sig-

nificant influence on cancer cell proliferation and apoptosis.

Exercise can regulate insulin growth factor secretion, target

Akt and mTOR passways, regulate skeletal muscle IL-6 activ-

ity, and improve mitochondrial function, all of which can

inhibit cancer cell proliferation and induce apoptosis.
5.2. Exercise regulates cancer metabolism

Exercise can be used as a target of cancer-suppressor gene

therapy to affect cancer metabolism and inhibit Warburg

anaerobic glycolysis. The correlation between cancer metabo-

lism and the host depends on the duration, time, intensity, and

movement mode of the physical exercise.75 In a hypoxic envi-

ronment, the decrease of vasoconstriction results in the

increase of cancer perfusion and the decrease of cancer hyp-

oxia. Cancer cells are less aggressive through exercise. It has

been suggested that hypoxia is very important for cancer cell

characteristics and cancer microenvironment invasiveness, and

exercise weakens the hypoxia microenvironment in cancer.76

It has been reported that cancer hypoxia, with changes in the

microenvironment, is regulated by exercise, which is
manifested by the reduction of platelet-derived growth factor

receptor b (PDGFRb) antibody and the increase of the related

factor, vascular endothelial growth factor (VEGF), in the

microenvironment,39 as represented by the increase in micro-

vascular density and micro vascular perfusion. Studies have

shown that the levels of lactate, adrenaline, noradrenaline, and

cytokines (including IL-6) in the blood increased significantly

after 2 h of acute exercise, in which the levels of actin and cat-

echolamine were induced by exercise, which directly regulated

the growth of cancer. However, the actual cancer-inhibition

effect is the accumulation of multiple bouts of sustained acute

exercise.77

This review summarizes the effects of exercise on charac-

teristic cancer cells, including activation of invasion and

metastasis, escape from growth inhibitors, cell-death reduc-

tion, inhibition of cancer-inflammatory cells, vascular normali-

zation, escape from immune injury, and reprogramming of

energy metabolism.78 Lactic acid is the most important end

metabolite in the glycolysis pathway. The enhanced aerobic

glycolysis in cancer cells can produce a large amount of lactic

acid, which can cause a decrease in pH in the microenviron-

ment around cancer cells. Cancer cell proliferation, invasion,

and metastasis are related to cancer angiogenesis, all of which

are related to the low pH value in the cancer microenviron-

ment. The accumulation of lactic acid in cancer patients sup-

presses the immune response, which inhibits the T cell

response and prevents the output of lactic acid in T cell,

thereby interfering with the metabolic pathway.79 It can be

observed that lactate, as the immunosuppressive factor of T-

cell inhibition, exerts an important effort on cancer escape. It

is well known that lactate dehydrogenase (LDH) is related to

the prognosis of malignant tumors, and a higher level of LDH

often indicates a poor prognosis for patients with cancer. By

changing the LDH level, moderate exercise can reduce the

level of lactate in cells. Therefore, the above metabolic process

plays a role in inhibiting the anaerobic glycolysis of cancer

metabolism.80

AMP activated protein kinase (AMPK) is the monitoring

point of metabolism. As an important center of homeostasis

regulation of whole-body energy metabolism, it can inhibit

cell growth in the absence of capacity and biosynthesis.81 In

mice fed with a high-fat diet, physical activity stimulated

AMPK, inhibited the Akt signal, increased cyclin-dependent

kinase inhibitor (p27) phosphorylation and adiponectin recep-

tor 1 (adiporR1) protein levels, led to cell cycle arrest, and

reversed the proliferation of breast cancer cells.82 In an experi-

ment that used exercise to induce hepatocarcinoma in mice,

exercise reduced the proliferation of cancer cells and reduced

the activity of mTOR kinase by stimulating the phosphoryla-

tion of AMPK and its substrate raptor.83 AMPK activation pro-

motes the expression of glucose transporter 4 (GLUT4) and the

hexokinase 2 (HK2) gene, which are the key intermediates of

glucose treatment, and gene expression is realized by regulat-

ing the histone deacetylase 5 (HDAC5) and cyclic adenosine

monophosphate (cAMP) reaction binding element protein.84,85

It has been found that physical activity can inhibit the occur-

rence of breast cancer by inhibiting the mTOR signaling
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pathway; the cancer metabolic reprogramming was inhibited,

and physical activity limited the content of glucose and gluta-

mine, thus inducing apoptosis.86 However, research on the

relationship between the instability of the exercise genome

and the heterogeneity between exercise and cancer has not yet

been carried out.78 As shown in Fig. 1 and Fig. 2, physical

exercise can regulate cancer metabolism.

In conclusion, exercise can affect cancer metabolizing

reprogramming by improving cancer internal blood perfusion,

angiogenesis, and cancer hypoxia. The direct effect of exercise

on LDH in the cancer glycolysis pathway can indirectly affect

changes in lactate levels, and exercise can induce apoptosis by

activating the AMPK metabolic monitoring point and inhibit-

ing the mTOR signal pathway.
5.3. Exercise regulates the immune environment

One important reason that the elderly are more likely to suf-

fer from cancer is immune aging. Immune aging refers to the

decline of NK cell function, the increase in inflammation, the

damage to monocyte and dendritic cells in the uptake and pre-

sentation of antigens, the increase of aging cells with func-

tional failure, and the decrease in the number of immature

T cells responding to the evolving cancer cells. Exercise can

prevent immune aging to some extent because it can stimulate

the activity of immune NK cells, enhance antigen presentation,

reduce inflammation, and prevent the accumulation of aging
Fig. 2. Physical exercise regulates cancer metabolism. Physical exercise can

increase ADP concentrations, resulting in a reduction in ATP/ADP and down-

regulation in the expression of GLUT4 and HK2. These are key factors in reg-

ulating anaerobic glycolysis, which inhibits cancer cell proliferation and

induces apoptosis. Lactate is a critical fuel for metabolites during physical

exercise. LDH, especially LDHA, can be inhibited by exercise, which reduces

lactate production in anaerobic glycolysis. ADP = adenosine diphosphate;

AMPK =AMP activated protein kinase; ATP = adenosine triphosphate;

cAMP = cyclic adenosine monophosphate; GLUT4 = glucose transporter 4;

G6P = glucose-6-phosphate; HDAC5 = histone deacetylase 5; HK2 = hexoki-

nase 2; LDH = lactate dehydrogenase; LDHA = lactate dehydrogenase A;

mTOR =mammalian target of rapamycin; PEP = phosphoenolpyruvate;

Akt = protein kinase B; PPAPa = 50-O-pyrophosphoryladenylyl-(30-50)-adeno-
sine.
cells in the elderly.87 Therefore, physical exercise plays a pre-

ventive role in malignant tumors caused by immune aging.

In terms of mobilizing an autoimmune response with physi-

cal exercise, NK cells are the most sensitive to exercise-depen-

dent mobilization, with T cell, including Cluster of

Differentiation (CD) 8 and CD4, being next, and B cells being

least sensitive.88 However, 2 kinds of immune cells regulate

the effect process through physical exercise. NK cells, as the

most sensitive immune mobilization cells, are the key compo-

nent of innate immune defense, while T cells are cytotoxic

cells and participate in the adaptive immune response. The rea-

son NK cells can respond rapidly is not only because they have

high reactivity to exercise,51 but also because they activate

parts of natural killer group 2 member D (NKG2D) and

the minor histocompatibility antigen 60 (H60a), as well as the

ligand C-type lectin-related protein B (Clr-b) of natural killer

receptor proteins 1 ligand (NKR-P1B).89�91 A study in mice

by Pedersen et al.51 showed that the mobilization of adrena-

line-dependent NK cells led to a significant increase in

immune-cell infiltration, which plays a role in cancer inhibi-

tion. Also, given that the b adrenergic receptor blocker pro-

pranolol blocks the immune response of NK cell mobilization,

the inhibition of cancer growth in the mice was weakened, the

increase of NK cell infiltration was inhibited, and the inhibi-

tion of cancer was reduced.51 It has been suggested that the

adrenergic signal is inhibited by motor dependence during can-

cer growth. In addition, cancer immunogenicity can be

enhanced through targeted regulation of cancer metabolism.92

It has been shown that NK cell mobilization and activation, as

well as blood perfusion and cancer cell apoptosis, can be

induced by anti cancer methods assisted by exercise and

increasing body core temperature.36 Physical exercise can act

as an anti-inflammatory. The change of immune components

to an anti-inflammatory state can enhance immunity. Exercise

can reduce fat production and increase anti-inflammatory regu-

latory T cells, which can reduce the regulation of systemic

inflammation, thus releasing anti-inflammatory cytokines that

play an anti-inflammatory role.93 This process may occur

through systemic mechanism changes, including inflammatory

state reduction and other mechanisms, such as the release of

anti-inflammatory cytokines and catecholamine and the inhibi-

tion of pro-inflammatory cytokines during muscle contrac-

tion.94 Acute or chronic exercise makes cytokines respond.

Cytokines stimulate immune cells in the cancer microenviron-

ment, thus creating different reactions that promote or inhibit

cancer. Immunophenotypes in the cancer microenvironment

change with the change in cytokines.95

In one study, in the course of systemic immune response,

the apoptotic lymphocytes in peripheral blood caused by acute

exercise increased significantly, and the lymphocytes of aging

and memory, CD4+, CD8+, and T increased.96 As for long-

term effects, exercise leads to an increase in CD28 and T lym-

phocyte levels in young and old patients.96 Research on the

T cell action principle of mobilization in immune response

showed that the expression of anti-inflammatory cytokines

did not change with moderate-intensity exercise, and the

expression of pro-inflammatory cytokines and antigen-specific,



208 Q. Wang and W. Zhou
cell-mediated immunity increased, which played a role in promot-

ing validation reaction and reducing cancer risk. High-intensity

exercise could reduce T cell proliferation and antigen sheet

cytotoxic reaction. Increasing the expression of inflammatory

cytokines and the ratio of CD4+, CD25+, and Treg cells increased

the risk of infection.97 High-intensity exercise is not the best way

to inhibit cancer development; only moderate-intensity exercise

inhibits cancer development. As shown in Fig. 1, physical exercise

regulates the immune environment.

In conclusion, exercise can stimulate the immune-cell mobili-

zation response in the cancer microenvironment, including the

infiltration of immune NK cells, the immune anti-inflammatory

effect of cytokines, and the proliferation of T cell, thus inhibit-

ing cancer cells and preventing immune aging.
6. Conclusion

Studies have shown that physical exercise can reduce can-

cer incidence. It can inhibit cancer growth and metastasis,

improve the side effects resulting from cancer treatment,

improve patients’ tolerance to treatment, and improve their

quality of life. Only through a deeper understanding of the

influence of physical exercise on the growth and development

of malignancy, metabolic pathways, and systemic immune

functions can we fully understand the correlation between

exercise and cancer prevention and treatment and, thus, make

personalized exercise treatment plans for patients with cancer.

In addition to having positive effects, exercise is of great value

in the treatment of other diseases and the heterogeneity of spe-

cial cancers.

Nevertheless, it is still necessary to study the molecular

mechanisms of exercise in more detail. In addition to the

mechanisms discussed above, some less well known but

important mechanisms need more extensive attention, for

example, the effects and mechanisms of exercise training on

markers of oxidative status. Moreover, the mechanisms

described above need further study in relation to cancer,

including the interaction between metabolism and immune

regulation during exercise.
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