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Abstract

Cancer is a complex disease with different types arising from different tissues. Different therapies are being addressed to treat the cancer patients. Environmental
factor like diet is a risk factor for many cancer suggesting the need for adequate nutrition and diet for cancer patients. Dietary intake is related to the energy intake
via food for a person. Diet influences metabolism which in turn can regulate the process of cancer and metabolic reprogramming. Breast cancer has been used in the
work as an exemplarity cancer to be influenced by diet and nutrition. Diet based strategies is a suggestive for cancer treatment based on Warburg effect. It may be also
possible to limit the reverse Warburg effect by metabolic coupling. The review work discusses about the metabolic syndrome and cancer and hypothesizes metabolic

reprogramming can be used to regulate cancer as well as epithelial mesenchymal transition.

Introduction

Cells as the building block of life in a living organism need energy
which comes from dietary intake of foods. A well balanced diet
provides not only carbohydrates, fats and proteins but also vitamins,
minerals and other essential requirements for organismal functioning.
However excess intake of food can lead to storage in the human body
and development of health problems [1]. However, cancer patients are
suggested to maintain a healthy body weight and consume nutritious
foods. Instances in cancer treatment are there, wherein side effects can
make a person to opt for less amount of food consumption and lose
weight leading to malnourishment, or else subject the person to a weight
gain [2]. It is difficult to treat a person in first line of treatment without
sustaining the person’s adequate nutritional and healthy state [3].
Although diet and nutrition affect health of any cancer patient, herein
discussion has been emphasized on breast cancer as an exemplarily type
of cancer.

Breast cancer patients (BCP) are suggested to go for a nutritional
assessment immediately after their diagnosis [4]. Interestingly, energy
restriction to control weight can be a potential strategy for breast
cancer prevention [5]. The statistics of breast cancer and other forms
of cancer speaks about a rise in the incidences, and which might not
decline easily with increase in incidences of breast cancer for males [6].
Predictions are speaking about cancer to be the leading cause of death
in every country [7].

Diet and nutrition for cancer patients

Healthful eating for a person demands consumption of a balanced
diet including a variety of unrefined carbohydrates, proteins, fats,
vitamins and minerals [8]. This is apart from sustaining a healthy
lifestyle. However, consumption of extra quantities of individual
nutrients will not provide a person with more energy. Certain foods,
like whole grains and healthy unsaturated fats can supply with the
food reserves, but intake of excess refined sugar and white starches
can leave a person depleted and carve for more sweets [9,10]. Complex
carbohydrates can provide a persons health with sustained energy
because of their digestion at a consistent and slow rate. This also helps
to stabilize one’s sugar levels due to less insulin production from the
pancreas, giving a feeling of satiety [11]. A breast cancer patient is
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suggested to maintain a healthy and balanced diet that might not only
help in healing the body heal from cancer treatment, but also overcome
numerous side effects of the treatment procedures [12]. Researchers
have substantiated that cancer is correlated with dietary factors, like
high intake of meat has more probability for high rate of colorectal
cancer development and restricting energy intake can cause a general
reduction in cancer development [13-15]. Inspite of the fact that dietary
factors are important in determining the risk of cancer development,
establishing the exact effect of diet on cancer development is still a
research problem [16].

Cancer patients have varied nutritional requirements and it varies
from person to person. The determination of diet will not only help
to build up one’s strength, but also withstand effects of cancer and its
treatment. The workers can help to identify one’s specific nutrition
goals and plan methods to meet them. This will take in consideration a
patient’s type of cancer, treatment and any associated side effects [17].
Factors like body weight, diet and exercise plays role in breast cancer
recurrence and survival. Lifestyle choices can also have the greatest
impact on reducing the risk of breast cancer recurrence and improve
overall survival. At Canada, women with breast cancer are suggested
to maintain a body mass index (BMI) between 18.5-24.9; intake a diet
lower in fat and high in vegetables, fruits and grains; and maintain a
state of physical activeness [18].

Dietary energy density (ED), a measure of diet quality which
helps in estimating the amount of energy per unit of food (Kcal per
gram) being consumed is seen to be positively associated with BMI, as
well as with many risk factors for postmenopausal breast cancer. The
value of dietary patterns incorporating fruits and vegetables and other
low ED foods can lead to weight management and reduce the risk of
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post menopausal breast cancer [19]. Thus, nutritional intervention in
breast cancer patients must be considered as an integral part of the
total therapeutic approach. However, additional research inputs from
dietary interventions in large clinical trials are a necessity to improve
the long-term survival with a better quality of life [20].

Cytoskeleton and cancer

Cancer is a disease that occurs when the normal cellular processes
that regulate cell behaviour fails and functional abnormalities in a cell
not being killed by the cellular process survives and leads to a generation
of cells with functional abnormalities [21]. The development of a
cancerous cell can be traced to not only the endogenous factors but also
to multiple environmental factors, which includes diet as a component.
A cancerous cell also possesses the same cytoskeletal build-up of a
normal cell. Imbalanced diet can lead to adiposity, and multiple cellular
and molecular pathways are implicated as a link between degrees of
adiposity and cancer. Cytoskeleton not only plays role in cancer cell
migration and invasion but also in epithelial mesenchymal transition
(EMT). EMT is a process characterized not only in the developmental
stages, but also in cancerous states. [22].

Cytoskeletal remodelling as well as the cell cycle regulation are of
essential requirement in nutritional programming of the embryonic
development [23] with the involvement of a few numbers of gatekeeper
processes. Thus, there are involvement of gatekeeper genes and
proteins whose expression changes due to nutritional deficiency [24].
Nutritional insults of protein and iron deficiency in rats were observed
to be associated with a common phenotype of raised blood pressure
[23]. Nutritional stress can result in metabolic syndrome (MetS) and
MetS is associated with risk of cancer development [25,26].

Metabolic syndrome

Metabolic syndrome leads to an increase in the risk of diseases and
enhances tumour progression apart from leading to side effects from
treatments responses. Biochemical reactions directed by the imbalance
of the metabolic components can adverse state of the host and organ-
specific tumour microenvironment leading to an accelerated rate of
recurrence and mortality [27].

The link between type 2 diabetes, metabolic syndrome (MetS) and
breast cancer has been studied well. Fasting insulin levels, abdominal
obesity can be linked well to the postmenopausal breast cancer [26].
Peroxisome proliferator activated receptors (PPAR) are linked to metabolic
disorders and PPAR modulators can acts as chemopreventive agents [28-
30]. Insulin resistance and insulin like growth factor system 1 plays a key
role in the association between metabolic syndrome and cancer. The effects
of MetS can be additive or synergistic in cancer development, and MetS
has been linked to colorectal, breast, endometrial, pancreas, liver and may
be prostrate cancer [31]. However, MetS has been seen to reduce the risk
of breast cancer development in premenopausal women [32], whereas
increased risk of breast cancer is seen in postmenopausal women with
MetS association [33,34]. Additionally, Li et al., 2020 suggests MetS to be
a predictor for the risk of cancer recurrence and mortality in women with
breast cancer, particularly in Caucasians [35]. Inflammation and hypoxia
are also suggested to be the potential factors involved in the link between
MetS and cancer [36].

Metabolic stress is known to regulate cytoskeletal dynamics
and oncogenesis. Caino et al., 2013 reported that mitochondrial
HSP90 chaperones can overcome metabolic stress as well as promote
tumour cell metastasis [37]. The cellular cytoskeleton along with its
components is involved in tumour cell migration and metastasis and
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is a part of epithelial mesenchymal transition [22,38]. Many factors,
like MYC amplification and oxidative stress can lead to the occurrence of
metabolic reprogramming phenotypes in breast cancer metastasis [39].
Furthermore, cancer cells showing resistance towards chemotherapy can
also be sensitized to metabolic therapies [40]. Researchers have established
the role of nutrition in the management of metabolic stress [41].

Metabolic therapy along with alternative diets is a suggestive for
cancer treatment because of their ability to target cancer cell metabolic
processes [42]. The practise involves usage of special diets, enzymes,
nutritional supplements as well as other practices [43]. Additionally,
modifications in the diet can limit tumour-specific nutritional
requirements and enhance cytotoxicity of anti-cancer drugs [44].

Metabolic reprogramming

Cancer metabolic reprogramming recognized as one of the ten
cancer hallmarks is characterized by many functions like elevated
glycolysis, pentose phosphate pathway, lipid metabolism, glutaminolysis,
mitochondrial biogenesis, etc. These characteristics have been used for
diagnosis, disease staging, monitoring tumour response to therapies,
detecting cancer recurrence. Metabolic reprogramming leads to the
immune cell dysfunctioning [45]. The information obtained by imaging
of the cancer cells helps in detection, prevention and treatment process
[46]. The process of change of tumour cellular bioenergetics or metabolic
reprogramming [47] can be changed by drugs or therapeutic strategies
which includes a healthy and nutritious diet for a cancer patient and
the latter can be put forth for a conventional anti-cancer agent. Drugs
are of help to change or arrest the metabolic reprogramming in cancer
cells, and maintaining adequate nutritious state can act a second line of
therapy [3,48]. Nutrient sharing and metabolic symbiosis are common
in many type of tumours which involves significantly lactate [42]. The
metabolic reprogramming in cancer cells not only involves cancer
cells but also host cell populations. Symbiotic metabolism is observed
in many types of cancer, like lung cancer, breast cancer, colon cancer,
etc. [49-51]. However, treatment with a ketogenic diet can destroy the
metabolism of cancer cells, lead to cancer cell starvation and cell death
[52] and restore immune function [42]. The ketogenic diet also leads to
the production of ketone bodied and that cannot be metabolized by the
cancer cells, leading to survival and enrichment of the host cells but not
the cancer cells [52,53].

Conclusion

Lifestyle changes and nutritional modifications with a healthy diet
can decrease cancer risk and alleviate MetS [26]. However more studies
are a necessity to unravel the link between MetS and its components
with cancer [54]. Dietary guidelines can help to improve BCPs
nutritional status and improve their overall health and prognosis [55].
Expression of the cytoskeleton proteins can be related to the degree of
malignancy and inturn knowledge of these proteins can help in cancer
prognosis and treatment [56]. Troubles in functioning of cytoskeleton
has shown linkage to cancer development and progression, as well with
incidences of epithelial mesenchymal transition [22], and problems
in cytoskeleton functions can be related to MetS [57,58]. Energy
restriction (ER) is also known to be a potential strategy to prevent
breast cancer [5,59]. Nutritious diet is not only important for the
cancerous cells, but also the non-cancer cells, as well as for the host
cells (Figure 1). Metabolic reprogramming can provide therapeutic
targets for the treatment of triple negative breast cancer [60]. Metabolic
reprogramming has been linked to epithelial-mesenchymal plasticity
[61]. Metabolic reprogramming has been observed in neuronal
differentiation also [62]. Additionally, energy demanding processes,
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Figure 1. Schematic illustration of diet on tumour environment
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Figure 2. Schematic illustration to show that diet can limit Warburg effect
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like cell growth and cell differentiation are tension modulated processes
[63]. Metabolic heterogeneity in tumour cells can be coupled to the
reverse Warburg effect [64], wherein timorous cells produce and meet
their ATP requirement via aerobic glycolysis [65]. Diet based strategies
has been suggested for cancer treatment based on Warburg effect [66]
(Figure 2) and may be the same diet-based strategy can be used for
novel biomarker and anticancer agent development. These suggest
hypothesizing that epithelial mesenchymal transition can be linked to
MetS and nutritional modifications, and ER might influence the process
of epithelial mesenchymal transition and will help to target metastatic
and refractory cancers.

Conflict of interest

The author declares no conflict of interest.

Funding

This research received no specific grant from any funding agency in
the public, commercial or not-for-profit sectors.

References

1. Youdim A (2019) Overview of nutrition. https://www.msdmanuals.com/professional/
nutritional-disorders/nutrition-general-considerations/overview-of-nutrition/

2. Cancer Net (2019) Healthy Living. https://www.cancer.net/survivorship/healthy-living/
nutrition-recommendations-during-and-after-treatment/

3. Mitra S, Dash R (2018) Natural Products for the Management and Prevention of Breast
Cancer. Evidence-Based Complementary and Alternative Medicine Volume 2018,
Article ID 8324696, 23 pages.

4. Limon-Miro AT, Lopez-Teros V, Astiazaran-Garcia H (2017) Dietary Guidelines for
Breast Cancer Patients: A Critical Review. Adv Nut 8: 613-23

5. Harvie M, Howell A (2012) Energy restriction and the prevention of breast cancer.
In: 70th Anniversary Conference on ‘From plough through practice to policy (Eds.),
Symposium 3: Obesity-related cancers, Proceedings of the Nutrition Society 71: 263-
275.

6. Bhattacharya S (2021) A view of breast cancer and diet therapy. Oral presentation at the
sciinova group’s virtual congress on breast cancer research, April 12, 2021.

7. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA (2018) Global cancer statistics
2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in
185 countries. CA Cancer J Clin 68: 394-424.

8. Harvard health publishing Harvard health school, eating to boost energy. https://www.
health.harvard.edu/healthbeat/eating-to-boost-energy/

9. Stanford Health Care, High calorie snacks as part of your cancer diet. https://
stanfordhealthcare.org/medical-clinics/cancer-nutrition-services/during-cancer-
treatment/high-calorie-snacks.html/

Cancer Rep Rev, 2021 doi: 10.15761/CRR.1000233

20.

2

22.

23.

24.

25.

26.

27.

28.

29.

30.

3

32.

33.

34.

35.

. NHS, The energy ‘diet’. https://www.nhs.uk/live-well/sleep-and-tiredness/the-energy-

diet/

. Chan TH (2019) The nutrition source. Harvard School of Public Health. https:/www.

hsph.harvard.edu/nutritionsource/carbohydrates/carbohydrates-and-blood-sugar/

. Healthline, Maintaining a healthy diet with breast cancer. https://www.healthline.com/

health/metastatic-breast-cancer/nutrition# noHeaderPrefixedContent/

. Armstrong B, Doll R (1975) Environmental factors and cancer incidence and mortality

in different countries, with special reference to dietary practices. Int J Cancer 15: 617-31.

. Kritchevsky D (1993) Energy restriction and carcinogenesis. Food Res Intl 26: 289-

295.

. McCay CM, Pope F, Lunsford W (1956) Experimental prolongation of the life span.

Bull N'Y Acad Med 32: 91-101.

. Timothy J, Bradbury KE, Perez-Cornago A, Sinha R, Tsilidis KT (2020) Diet, nutrition,

and cancer risk: what do we know and what is the way forward? BMJ 368: m511.

. American Cancer Society (2020) Nutrition for people with cancer: Benefits of good

nutrition during cancer treatment. https://www.cancer.org/treatment/survivorship-
during-and-after-treatment/staying-active/nutrition/benefits.html/

. B C Cancer Agency (2020) A nutrition guide for women with breast cancer. http://www.

bccancer.be.ca/nutrition-site/Documents/Patient%20Education/a_nutrition_guide_for
women_with_breast_cancer.pdf/

. Hartman TJ, Gapstur SM, Gaudet MM, Shah R, Flanders WD (2016) Dietary Energy

Density and Postmenopausal Breast Cancer Incidence in the Cancer Prevention Study
II Nutrition Cohort. J Nutr 146: 2045-2050.

Cicco PD, Catani MV, Gasperi V, Sibilano M, Quaglietta M (2019) Nutrition and breast
cancer: a literature review on prevention, treatment and recurrence. Nutrients 11: 1514.

. World Cancer Research Fund/ American Institute for cancer research. Diet, nutrition,

physical activity and cancer: a global perspective. Continuous update project expert report
2018. Available at dietandcancerreport.org (https://www.wcrf.org/diet-and-cancer/)

Bhattacharya S (2021) Cytoskeleton and epithelial mesenchymal transition. Cancer
Pages 2: 16.

Swali A, McMullen S, Hayes H, Gambling L, McArdle HJ, et al. (2011) Cell cycle
regulation and cytoskeletal remodelling are critical processes in the nutritional
programming of embryonic development. PLoS ONE 6: ¢23189.

McMullen S, Langley-Evans SC, Gambling L, Lang C, Swali A (2012) A common
cause for a common phenotype: The gatekeeper hypothesis in fetal programming.
Medical Hypotheses 78: 88-94.

Esposito K, Chiodini P (2012) Metabolic syndrome and risk of cancer. Diabetes Care
35:2402-2411.

Pothiwala P, Jain SK, Yaturu S (2009) Metabolic syndrome and cancer. Metabolic
Syndrome and Related Disorders T: 279-288.

Dong S, Wang Z, Shen K, Chen X (2021) Metabolic syndrome and breast cancer:
prevalence, treatment response, and prognosis. Front Oncol 25.

Glazer RI (2008) PPAR gamma and PPAR delta as modulators of neoplasia and cell
fate. PPAR Res 2: 247379.

Sertznig P (2007) Present concepts and future outlook: function of peroxisome
proliferator-activated receptors (PPARs) for pathogenesis progression and therapy of
cancer. J Cell Physiol 212: 1-12.

Tachibana K (2008) The role of PPARs in cancer. PPAR Res 102737.

. Uzunlulu M, Caklili OT, Oguz A (2016) Association between metabolic syndrome and

cancer. Ann Nutr Metab 68: 173-179.

Ki-Tae H, Kyung-Do H, Sohee O, Kyung KB, Kyung LS (2020) Influence of metabolic
syndrome on risk of breast cancer: a study analyzing nationwide data from korean
national health insurance service. Cancer Epidemiol Biomarkers Prev 29: 2038-2047.

Guo M, Liu T, Li P, Wang T, Zeng C (2019) Association between metabolic syndrome
and breast cancer risk: An updated meta-analysis of follow-up studies. Front Oncol 22.

Agnoli C, Grioni S, Sieri S, Sacerdote C, Ricceri F (2015) Metabolic syndrome and
breast cancer risk: A case-cohort study nested in a multicentre italian cohort. PLoS
ONE 10: ¢0128891.

Li P, Wang T, Zeng C, Yang M, Li G (2020) Association between metabolic syndrome
and prognosis of breast cancer: a meta-analysis of follow-up studies. Diabetology &
Metabolic Syndrome 10.

Volume 5: 3-4


https://www.nhs.uk/live-well/sleep-and-tiredness/the-energy-diet/
https://www.nhs.uk/live-well/sleep-and-tiredness/the-energy-diet/
https://www.hsph.harvard.edu/nutritionsource/carbohydrates/carbohydrates-and-blood-sugar/
https://www.hsph.harvard.edu/nutritionsource/carbohydrates/carbohydrates-and-blood-sugar/
https://www.healthline.com/health/metastatic-breast-cancer/nutrition#_noHeaderPrefixedContent/
https://www.healthline.com/health/metastatic-breast-cancer/nutrition#_noHeaderPrefixedContent/
https://www.cancer.org/treatment/survivorship-during-and-after-treatment/staying-active/nutrition/benefits.html/
https://www.cancer.org/treatment/survivorship-during-and-after-treatment/staying-active/nutrition/benefits.html/
http://www.bccancer.bc.ca/nutrition-site/Documents/Patient Education/a_nutrition_guide_for_women_with_breast_cancer.pdf/
http://www.bccancer.bc.ca/nutrition-site/Documents/Patient Education/a_nutrition_guide_for_women_with_breast_cancer.pdf/
http://www.bccancer.bc.ca/nutrition-site/Documents/Patient Education/a_nutrition_guide_for_women_with_breast_cancer.pdf/
https://www.msdmanuals.com/professional/nutritional-disorders/nutrition-general-considerations/overview-of-nutrition/
https://www.msdmanuals.com/professional/nutritional-disorders/nutrition-general-considerations/overview-of-nutrition/
https://www.cancer.net/survivorship/healthy-living/nutrition-recommendations-during-and-after-treatment/
https://www.cancer.net/survivorship/healthy-living/nutrition-recommendations-during-and-after-treatment/
https://www.health.harvard.edu/healthbeat/eating-to-boost-energy/
https://www.health.harvard.edu/healthbeat/eating-to-boost-energy/
https://stanfordhealthcare.org/medical-clinics/cancer-nutrition-services/during-cancer-treatment/high-calorie-snacks.html/
https://stanfordhealthcare.org/medical-clinics/cancer-nutrition-services/during-cancer-treatment/high-calorie-snacks.html/
https://stanfordhealthcare.org/medical-clinics/cancer-nutrition-services/during-cancer-treatment/high-calorie-snacks.html/

Bhattacharya S (2021) Diet and Cancer Metabolic Reprogramming

36.

37.

38.

39.

40.

4

—_

42.

43.

44.

45.

46.

47.

48.

49.

50.

5

Braun S, Bitton-Worms K, LeRoith D (2011) The Link between the Metabolic
Syndrome and Cancer. Int J Biol Sci 7: 1003-1015.

Cano MC, Chae YC, Vaira V, Ferrero S, Nosotti M (2013) Metabolic stress regulates
cytoskeletal dynamics and metastasis of cancer cells. J Clin Invest 123: 2907-2920.

Fife CM, McCarroll JA, Kavallaris M (2014) Movers and shakers: cell cytoskeleton in
cancer metastasis. Br J Pharmacol 171: 5507-5523.

Wang L, Zhang S, Wang X (2021) The metabolic mechanisms of breast cancer
metastasis. Front Oncol 10: 602416.

Desbats MA, Giacomini I, Prayer-Galetti T, Montopoli M (2020) Metabolic plasticity
in chemotherapy resistance. Front Oncol 10: 281.

. Cerra FB (1986) The role of nutrition in the management of metabolic stress. Crit Care

Clin 2: 807-819.

Schiliro C, Firestein BL (2021) Mechanisms of metabolic reprogramming in cancer
cells supporting enhanced growth and proliferation. Cells 10: 1056.

Cancer Research UK, Metabolic therapy and alternative diets. https://www.
cancerresearchuk.org/about-cancer/cancer-in-general/treatment/complementary-
alternative-therapies/individual-therapies/metabolic-therapy-alternative-diets/

Kanarek N, Petrova B, Sabatini DM (2020) Dietary modifications for enhanced cancer
therapy. Nature 579: 507-517.

Wu S, Kuang H, Ke J, Pi M, Dong-Hua Y (2021) Metabolic reprogramming induces
immune cell dysfunction in the tumor microenvironment of multiple myeloma. Front
Oncol 15.

Phan LM, Yeung S-CJ, Lee M-H (2014) Cancer metabolic reprogramming: importance,
main features, and potentials for precise targeted anti-cancer therapies. Cancer Biol
Med 11: 1-19.

Yoshida GJ (2015) Metabolic reprogramming: the emerging concept and associated
therapeutic strategies. J Exptl Clin Cancer Res 34: 111.

Cazzaniga M, Bonanni B (2015) Relationship between metabolic reprogramming and
mitochondrial activity in cancer cells. Understanding the anticancer effect of metformin
and its clinical implications. Anticancer Res 35: 5789-5796.

Hensley CT, Faubert B, Yuan Q (2016) Metabolic heterogeneity in human lung tumors.
Cell 164: 681-694.

Kennedy KM, Scarbrough PM (2013) Catabolism of exogenous lactate reveals it as a
legitimate metabolic substrate in breast cancer. PLoS ONE 8: e75154.

. Koukourakis MI, Giatromanolaki A, Harris AL, Sivridis E (2006) Comparison of

metabolic pathways between cancer cells and stromal cells in colorectal carcinomas: A
metabolic survival role for tumor-associated stroma. Cancer Res 66: 632-637.

52.

53.

54.

55.

56.
57.

58.

59.

60.

6

62.

63.

64.

65.

Weber DD, Aminzadeh-Gohari S, Tulipan J, Catalano L, Feichtinger RG (2020)
Ketogenic diet in the treatment of cancer—Where do we stand? Mol Metab 33: 102-
121.

Grabacka M, Pierzchalska M, Dean M, Reiss K (2016) Regulation of ketone body
metabolism and the role of PPARa. Intl J Mol Sci 17: 2093.

Puente D, Lopez-Jiménez T, Cos-Claramunt X (2019) Metabolic syndrome and risk of
cancer: a study protocol of case-control study using data from the Information System
for the Development of Research in Primary Care (SIDIAP) in Catalonia. BMJ Open
9:€025365.

Limon-Miro AT, Lopez-Teros V, Astiazaran-Garcia H (2017) Dietary guidelines for
breast cancer patients: a critical review. Adv Nutr 8: 613-23.

Asservatham J (2020) Cytoskeletal remodelling in cancer. Biology 9: 385.

Xiang-Jiao Y, Gregoire S (2007) Metabolism, cytoskeleton and cellular signalling in
the grip of protein Ne - and O-acetylation. EMBO Rep 8: 556-562.

Eun-Jung L, Min-Kyung K, Yun-Ho K, Kim DY (2019) Dietary chrysin suppresses
formation of actin cytoskeleton and focal adhesion in age-exposed mesangial cells and
diabetic kidney: role of autophagy. Nutrients 11: 127.

Harvie MN, Sims AH, Pegington M (2016) Intermittent energy restriction induces
changes in breast gene expression and systemic metabolism. Breast Cancer Res 18: 57.

Sun X, Wang M (2020) Metabolic reprogramming in triple-negative breast cancer.
Front Oncol 10: 428.

. Nai-Yun S, Muh-Hwa Y (2020) Metabolic reprogramming and epithelial-mesenchymal

plasticity: opportunities and challenges for cancer therapy. Front Oncol 10: 792.

Zheng X, Boyer L, Jin M, Mertens J, Kim Y (2016) Metabolic reprogramming during
neuronal differentiation from aerobic glycolysis to neuronal oxidative phosphorylation.
eLife 5: e13374.

Fernie AR, Zhang Y, Sampathkumar A (2020) Cytoskeleton architecture regulates
glycolysis coupling cellular metabolism to mechanical cues. Trends in Biochem Sci
45: P637-P638.

Wilde L, Roche M, Domingo-Vidal M, Tanson K, Philp N, Curry J (2017) Metabolic
coupling and the reverse warburg effect in cancer, implications for novel biomarker and
anticancer agent development. Semin Oncol 44: 198-203.

Xu XD, Shao SX, Jiang HP, Cao YW, Wang YH (2015) Warburg effect or reverse
warburg effect? A review of cancer metabolism. Oncol Res Treat 38: 117-122.

. Tran Q, Lee H, Kim C, Kong G, Gong N (2020) Revisiting the warburg effect: diet-

based strategies for cancer prevention. BioMed Res Intl Volume 9.

Copyright: ©2021 Bhattacharya S. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Cancer Rep Rev, 2021

doi: 10.15761/CRR.1000233

Volume 5: 4-4


https://www.cancerresearchuk.org/about-cancer/cancer-in-general/treatment/complementary-alternative-therapies/individual-therapies/metabolic-therapy-alternative-diets/
https://www.cancerresearchuk.org/about-cancer/cancer-in-general/treatment/complementary-alternative-therapies/individual-therapies/metabolic-therapy-alternative-diets/
https://www.cancerresearchuk.org/about-cancer/cancer-in-general/treatment/complementary-alternative-therapies/individual-therapies/metabolic-therapy-alternative-diets/

	Title
	Correspondence
	Abstract
	Key words
	Introduction
	Conclusion
	Conflict of interest 
	Funding
	References

