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Abstract
Oncological disorders are the second leading cause of death worldwide and now it has become
a major threat in public health worldwide. We must understand behavior of cancer from
evolutionary aspects to prevent, manage and treat this disease in a right way. This review,
hypothesize the evolution and origin of cancer from unicellular organisms from different
mechanisms, and microbiome interact with cancer cells in tumor microenvironment to protect
and support each other and this plays important role in cancer formation and development.
Also, the importance of healthy lifestyle and diet can prevent from causing cancer in later life
is also discussed.
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Introduction
Cancer is a disease as old as humankind. It has most likely been nearby since the multicellular
organisms came into existence.1Besides, some Dinosaurs of the Jurassic period equally
suffered from cancer.3 However, the fundamental queries such as, what exactly is cancer and
why does it exist, are currently unclear and unanswered. Despite of significant advances in our
practical understanding of the disease, the origin of cancer remains a mystery.
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Cancer is a multifactorial disease; nowadays, bad dietary habits, sedentary lifestyle, lack of
sleep, environmental pollution, and temperature changes have undoubtedly become the crucial
reasons for causing microbiota dysbiosis. Even a healthy diet plays a vital role here, nowadays,
people are moving away from the traditional dietary pattern, which influences the risk of
cancer. Recent studies showed that intake of a proper traditional diet, such as seasonal fruits,
raw vegetables, legumes, probiotics, and good carbs has increased the beneficial and protective
effects.6 Therefore, avoiding cigarettes smoking, limiting alcohol consumption, maintaining
normal BMI, regular exercise and proper sleep are effective steps for not only preventing
cancer but also for other lifestyle diseases and disorders.
Cancer typically undergoes various complex biological processes and consists of a complex
biological

network,

and it is

hypothesizing

through

the process of positive and

negative natural selection, which has been described by Charles Robert Darwin.4 Natural
selection theory suggest a mechanism of evolution. Organisms that are adapted to their
environment are more likely to survive. This causes species to change and diverge over time.
Positive and negative natural selection are types of natural selections, positive selection means
variation or change that causes positive impact on the population, whereas negative selection
means the variation or change cause deleterious impact on the population.

During

the evolution of multicellular life, it has presented major alterations in genetic and cellular
phenotypes also observed in cancer,1 but why such specific alterations naturally take
place in cancer is still unknown. To perceive the accurate behavior of cancer, we must
understand it through evolutionary theory, and this would provide perspective to develop a
novel system and strategy to fight against cancer. Interestingly, there are various theories
suggesting cancer formation is associated with the microbes which reside in the human body.
However, these microbes play a vital role in the metabolism of nutrients, but changes in the
microenvironment of the body engage in them to evolve and influence cancer formation.5
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Figure 1: Environmental stress causes microbiome dysbiosis which might cause different
defence mechanisms to transfer genetic material into a host’s cell. Due to this in cancer,
multicellular network downregulates and ancestral unicellular network upregulates.
Also, Microbes resides inside the tumor microenvironment and might be forming a
complex network to interact with cancer cells.
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Lifestyle and cancer
The ecosystem of microbes is rapidly influenced by acute and chronic dietary habits and
lifestyle, thereby to maintain a habitual environment for microbes, the importance of a balanced
diet has widely come into highlight over the recent decade.40-42 Certain lifestyle habits like poor
diet, stress, and lack of exercise directly affect the gut microbiota, some other factors like age,
xenobiotics, drugs, and also environmental changes cause imbalances in gut microbiota
equilibrium. Such factors impair the gut microbiota composition and functions, which is known
as gut microbiota dysbiosis.43 There are various recent shreds of evidence supporting the
relationship between gut microbiota dysbiosis and cancer development.44 Some studies also
demonstrate the effect of dysbiosis linked with various diseases and disorders, such as
inflammatory bowel disease (IBD), ulcerative colitis (UC), obesity, diabetes, cardiovascular
disorders, and metabolic disorders.45-49 Lifestyle and diet are within one’s power to improve.
There are various factors such as lifestyle, environmental changes, dietary habits, etc. play a
significant role in developing cancer. Even a healthy diet plays a vital role, nevertheless, people
are moving away from the traditional dietary pattern i.e., Indian dietary pattern, and moving
towards consumption of high-fat diets or Western-style diets, which are associated with cancer
development and progression.50 However, the vegetarian dietary pattern and consumption of
more plant-based foods, such as fruits, grains, and vegetables have been associated with cancer
prevention and overall improve one’s health.51Therefore, prevention is better than cure.
Microbes, Cancer cells, and Microenvironment
Normal human somatic cells and microbes present inside the body as commensal microbe
maintain a healthy relationship with each other, body provide an environment and resources
for microbes to live in, they metabolize the nutrients and protect the body from invading
pathogens.33 During cancer formation, this secure environment for microbes no longer stays
safe hence results in dysbiosis, the cooperation between normal cells and microbes disturbs
thereby cancer cells and microbes to cooperate and enhance each other. In carcinogenesis,
bacteria carry out a critical role; they act as carcinogenic and tumor stimulating agents. They
possess the capacity to secrete toxins that can convert the signals responsible to regulate a
cell.21 Many bacteria are associated with causing numerous types of cancers, such as
Salmonella typhi (Hepatobiliary carcinoma), Helicobacter pylori (gastric cancer), Chlamydia
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pneumoniae (lung cancer), Streptococcus bovis (colorectal neoplasia and lung cancer),
Escherichia coli (colon cancer), Chlamydia trachomotis (cervical cancer), etc.22 These bacteria
are present not only in the human GI tract but also present in breasts,23 lungs,24 ovaries,25 and
prostate.26these bacteria play very important role in our body, they help in metabolism of
certain compounds and molecules which are usually cannot be metabolize by our body but
essential for our body, for instance, dietary fibers. Interestingly, these cancers are the most
recurrent cancers among the human population. In stressful conditions, however, these bacteria
are currently believed to modify and alter human DNA thereby disturbs the cell cycle, cell
death, and increase cell proliferation.5Tumor cells continuously evolve inside the ecosystem of
the human body, simultaneously they form a microenvironment around the tumor, hence it is
called tumor microenvironment. In this microenvironment, there are various growth factors are
present to promote cancer progression.27 Microbes may reside in or near the tumor
microenvironment and alter the environment for their convenience by producing factors or
bacterial biofilm which influence cancer cell progression.5 To support this statement, a recent
study has discovered the presence of bacterial LPS (Lipopolysaccharide), DNA
(Deoxyribonucleic acid), and 16S rRNA (ribosomal Ribose nucleic acid) in cancer and immune
cells as well. To a great extent, they argued that different tumor cell types consisted of particular
microbial compositions in breast, lung, melanoma, pancreas, ovary, bone, and GSM cancers.
After DNA sequencing of bacterial DNA, they found 137 intratumoral bacterial species that
are typically associated with various cancers.28 Therefore, this not only shows a direct
relationship between microbes of the microbiome and the formation or development of cancers
but also shows the evidence of horizontal gene transfer. Horizontal gene transfer is the
movement or transfer of genetic material, like DNA/RNA, between unicellular and
multicellular organisms.
The presence of bacterial molecules in tumor cells and behavior of cancer similar to microbes
uncoupled novel insights towards horizontal gene transfer (HGT) which shows crosstalk
between microbes and human somatic cells during cancer formation. Recent studies have
indicated new mediators of HGT which includes apoptotic bodies29 – apoptotic bodies are a
vesicles that contains parts of dying cell – and circulating cell-free DNA.30,31 These mediators
are actively involved in cancer progression and metastasis, as well as drug resistance.32 Another
study suggests, according to the bacterial origin of cancer cells (BOCC) theory, cancer cells
arises from the bacteria when the environment in the body is compromised, these bacteria enter
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into normal body cells and make a hybrid DNA, further it leads to formation of cancer cells.20
This theory not only supports HGT but also supports stress induce mutagenesis, during stressful
condition, microbes induce drastic changes on genetic level to survive in such condition. It is
a survival or defence mechanism. These theories and evidences support during stressful
condition and environment, how bacteria are not only involved in progression of cancer but
also involved in the process of carcinogenesis.
Microbes promote and initiate cancer through different mechanisms
There are various mechanisms through which cancer cells and microbes influence each other
for their survival.5Microbes such as E. coli produces some genotoxins like colibactin which
induces breakdown of host DNA.34 Microbes also produce reactive oxygen species that damage
the host DNA.35 Therefore, this results in the formation of cancer. Cancer cells and microbes
together not only provide growth factors to each other but also protect one another from the
body's immune system. For instance, cells in the tumor microenvironment are no longer
capable to divide yet they produce growth factors and bacteria like E. coli is capable of
producing toxins such as colibactin which may mediate this signaling pathway and also induce
to release of growth factors that promote tumor progression.36 Typically, microbes in the gut
interact with the human immune system but in inflammation, the condition causes bacterial
infections which alter adaptive and innate immune signaling as a result of developing cancer.37
Many microbes use host cells to develop their ecological niches, particularly Fusobacteria
invades into a host cell and expand its niche by promoting cell proliferation.38,39 These reactions
of bacteria could be due to the stressful environment for them inside the body, therefore, this
might be the defence mechanism of microbes against the environmental imbalances in the host
body.
Multicellularity evolution and origin of cancer
The hallmarks for cancers are core principles of tumorigenesis,15 they provide a unified
framework to study the molecular drivers of cancer. Multicellular organisms are evolved from
unicellular organisms millions of years ago. Unicellular organisms have basic and simple
biological network while multicellular organism evolved and went through various types of
variations to form a complex biological network. Although, multicellular organisms still
possess unicellular network but it is not in function. So, in cancerous condition, cancer cells

Copyright © 2021, Navrachana University

www.nuv.ac.in

Vol. 4, Issue 2, December 2021

Interwoven: An Interdisciplinary Journal of Navrachana University 32

activate the unicellular network and deactivate multicellular network due to genetic
alterations.1 There are many similarities between unicellular organisms and cancer cell such as
the fermentation process for cell growth,16 under the adverse conditions, unicellular organisms
employ elevation of genetic instability, which reminiscent of mutator phenotypes.17 To survive
in stressful conditions, the ancient pathways of DNA repair mechanisms such as stress-induced
mutagenesis originate in unicellular organisms.18 The genes associated with cancer are
enriched in genes associated with unicellular organisms for conservation, this suggests that
during carcinogenesis there is an activation of ancient parts of the unicellular network. This is
described as the atavism hypothesis of cancer.19
Results from a study suggest that they found a constant progression of tumor cell types similar
to pluripotent stem-like conditions, the condition describes the ability of a cell to develop into
the three primary germ cell layers of the early embryo and therefore into all the different cells
of the adult body, such cell is known as pluripotent stem cells. Further, they proclaim it is a
selection of unicellular condition and not the pluripotent condition. Given the fact, coinciding
decrease of multicellularity features and increase in primitive features at the cellular level,
therefore dependence on primitive unicellular features enhance here. This phenomenon can be
activated during cancer formation because core principles of carcinogenesis are associated with
the evolutionary history of the cellular and molecular network.1,2 These studies offer a new
direction towards an evolutionary perspective of the original origin of cancer from unicellular
life to perceive the behavior of cancer.
Natural selection and Genetic heterogeneity of tumors
Cancer clinically manifests cellular genetic heterogeneity that expresses variation, growth,
differentiation, and natural selection. Primarily, tumors were sensitive to certain therapies
however, now tumors frequently acquire resistance.7,4 Many theories suggest that resistance to
therapies is due to the natural selection mechanism. Such mechanism operates in various types
of cancers, for instance, breast cancer, malignant melanoma, and acute lymphoblastic
leukemia.8-10 During tumor progression, the growth of genetic diversity and heterogeneity
seems to be associated with either positive selection or negative selection,11 because interaction
with the surrounding microenvironment is critically essential.12This results in the initiation of
aggressive phenotype and metastatic behavior. Additionally, the involvement of epigenetic
modifications in tumor cell genetic heterogeneity has also been seen, however, this gives
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direction towards the non-Darwinian type of evolutionary approach.13,4 Tumor cells are not
solely composed of a genetically mutated cell, but also contain genetically non-mutated cells.
All these various types of cells collectively form a complex ecosystem.14 In this cancer
ecosystem, the therapeutic approach initiates novel stimulus, so naturally selecting cells must
survive or die. This also suggests that it encourages the chance for surviving cells to proliferate.
Therefore, this evolution in tumors represents the noteworthy reason for inadequate results of
cancer treatment.4
Significant gaps in research
Till this date, it is recognized that cancer cells evolve in the body's ecosystem and so as
microbes, also how microbes influence cancer progression and metastasis is known, however,
the actual motive of microbes to influence cancer formation is still unknown. Some studies
have revealed the presence of bacterial molecules (LPS, DNA and RNA) residing inside the
tumor microenvironment but how these molecules invaded the tumor cells and what is the role
of these molecules in the tumor formation and progression is yet unexplored. If the involvement
of microbes induces cancer to evolves to resist chemotherapeutic drug actions, can antibiotics
use in combinations with chemotherapeutic drugs for better treatment? Recent findings have
also shown that bacterial molecules are not only present in tumor cells but also present in
immune cells, however, why microbes choose to invade specific immune cells and what exact
role and mechanism of these molecules in immune cells have with cancer progression is
undefined. Cancer is continuously evolving and causing thousands of mutations, but where
exactly this evolution will lead cancer to in the future, this aspect is still unanswered.
Nevertheless, due to such behavior of cancer yet one critical question is still undefined that are
cancer cells new unicellular eukaryotes?
Future directions
In the future, work should focus on understanding the origin and behavior of cancer, and the
interaction between microbes, cancer cells, and normal cells. This will present new insights
into the possible outcomes in evolutionary pathways of cancer, which will help to understand
how cancer can be managed, treated, and prevented in the future.
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Conclusion
Natural selection in cancer shows the heterogenicity in the genome of cancer, which is equally
responsible for dependence on ancient parts of genes rather than a multicellular network of
genes. Cancer can be derived from the unicellular organisms which reside in the human body;
microbiome. The human microbiome plays a vital role in cancer progression and development.
Microbes reside in or near tumor microenvironment so that they can interact with cancer cells
and influence each other to evolve and sustain in the body's ecosystem via various mechanisms.
However, a balanced vegetarian diet and a healthy lifestyle possess preventive measures
towards cancer initiation.

Glossary
Adaptive immune system – Immunity that develops after exposure to an antigen.
Biofilm – A complex structure of different bacterial colonies that adhere to the surface.
BMI – Body mass index is a measurement of body fat based on height and weight.
Carcinogenesis – A process of cancer formation.
Circulating cell-free DNA – Degraded DNA fragments released to the blood stream.
Commensal microbe – Microbes that supply essential nutrients to host and fight against
opportunistic pathogens for host.
Deoxyribonucleic acid – Genetic material in organism.
Epigenetic – The study of how behavior and environment can cause changes that affects the
way genes work.
Genotoxins – Chemicals or agents that can cause damage to DNA.
Heterogenicity – Two or more genetic elements that does not have common ancestry.
Innate immune system – Immunity that is naturally present in the body.
Lipopolysaccharide – The outer membrane of gram-negative bacteria.
Metabolism – The biochemical process by which body coverts food into energy to maintain
functioning of organs Multicellular – More than one cell.
Metastasis – A process when tumor cells move from main tumor and enter in the bloodstream.
Microbiota – The assemblage of all the different microorganisms that are present in a defined
environment.
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Microenvironment – Immediate small-scale environment of a group of cells, as a distinct part
of a large environment.
Mutagenesis – A process in which genetic information is changed due to mutation.
Phenotype – An observable trait of an individual.
Proliferation – Rapid division of a cell.
Ribonucleic acid – Similar molecule to DNA, act as a genetic material in some unicellular
organism.
Signaling pathway – Chemical reactions in which molecules in a cell communicate and control
a cellular function.
Somatic cells – Cells of body except sperm and egg cells.
Tumorigenesis – Gradual loss of normal properties of cell and gain malignant properties.
Unicellular – One cell.
Xenobiotics – Chemical substances that are not naturally produce by an organism but found
within an organism.
References
1. Trigos, A., Pearson, R., Papenfuss, A. (2018). How the evolution of multicellularity set
the

stage

for

cancer? British

Journal

of

Cancer,

118(1), 145–152.

https://doi.org/10.1038/bjc.2017.398
2. Trigos, A. S., Pearson, R. B., Papenfuss, A. T., & Goode, D. L. (2017). Altered interactions
between unicellular and multicellular genes drive hallmarks of transformation in a diverse
range of solid tumors. Proceedings of the National Academy of Sciences of the United
States of America, 114 (24), 6406–6411. https://doi.org/10.1073/pnas.1617743114
3. Rothschild, B. M., Tanke, D. H., Helbling, M., 2nd, & Martin, L. D. (2003). Epidemiologic
study

of

tumors

in

dinosaurs. Die

Naturwissenschaften, 90(11),

495–500.

https://doi.org/10.1007/s00114-003-0473-9
4. Lacina, L., Čoma, M., Dvořánková, B., Kodet, O., Melegová, N., Gál, P., & Smetana, K.,
Jr (2019). Evolution of Cancer Progression in the Context of Darwinism. Anticancer
research, 39(1), 1–16. https://doi.org/10.21873/anticanres.13074

Copyright © 2021, Navrachana University

www.nuv.ac.in

Vol. 4, Issue 2, December 2021

Interwoven: An Interdisciplinary Journal of Navrachana University 36

5. Whisner, C. M., & Athena Aktipis, C. (2019). The Role of the Microbiome in Cancer
Initiation and Progression: How Microbes and Cancer Cells Utilize Excess Energy and
Promote

One

Another's

Growth. Current

nutrition

reports, 8(1),

42–51.

https://doi.org/10.1007/s13668-019-0257-2
6. Lăcătușu, C. M., Grigorescu, E. D., Floria, M., Onofriescu, A., & Mihai, B. M. (2019). The
Mediterranean Diet: From an Environment-Driven Food Culture to an Emerging Medical
Prescription. International journal of environmental research and public health, 16(6),
942. https://doi.org/10.3390/ijerph16060942
7. Brady, S. W., McQuerry, J. A., Qiao, Y., Piccolo, S. R., Shrestha, G., Jenkins, D. F., Layer,
R. M., Pedersen, B. S., Miller, R. H., Esch, A., Selitsky, S. R., Parker, J. S., Anderson, L.
A., Dalley, B. K., Factor, R. E., Reddy, C. B., Boltax, J. P., Li, D. Y., Moos, P. J., Bild, A.
H. (2017). Combating subclonal evolution of resistant cancer phenotypes. Nature
communications, 8(1),1231. https://doi.org/10.1038/s41467-017-01174-3
8. Greaves, M. (2009). Darwin and evolutionary tales in leukemia. Hematology, 2009(1) 3–
12. https://doi.org/10.1182/asheducation-2009.1.3
9. Grove, C. S., &Vassiliou, G. S. (2014). Acute myeloid leukaemia: a paradigm for the clonal
evolution

of

cancer? Disease

models

&

mechanisms, 7(8),941–951.

https://doi.org/10.1242/dmm.015974
10. Wang, E., Voiculescu, S., Le Poole, I. C., El-Gamil, M., Li, X., Sabatino, M., Robbins, P.
F., Nickoloff, B. J., &Marincola, F. M. (2006). Clonal persistence and evolution during a
decade of recurrent melanoma. The Journal of investigative dermatology, 126(6), 1372–
1377. https://doi.org/10.1038/sj.jid.5700193
11. Hurst LD and Batada NN. (2017). Depletion of somatic mutations in splicing-associated
sequences in cancer genomes. Genome Biol, 18(1), 213. https://doi.org/10.1186/s13059017-1337-5
12. Fortunato, A., Boddy, A., Mallo, D., Aktipis, A., Maley, C. C., & Pepper, J. W. (2017).
Natural Selection in Cancer Biology: from Molecular Snowflakes to Trait Hallmarks. Cold
Spring

Harbor

perspectives

in

medicine, 7(2),

a029652.

https://doi.org/10.1101/cshperspect.a029652
13. Mazor, T., Pankov, A., Song, J. S., & Costello, J. F. (2016). Intratumoral Heterogeneity of
the Epigenome. Cancer cell, 29(4), 440–451. https://doi.org/10.1016/j.ccell.2016.03.009

Copyright © 2021, Navrachana University

www.nuv.ac.in

Vol. 4, Issue 2, December 2021

Interwoven: An Interdisciplinary Journal of Navrachana University 37

14. Daoust, S. P., Fahrig, L., Martin, A. E., & Thomas, F. (2013). From forest and agroecosystems to the microecosystems of the human body: what can landscape ecology tell us
about tumor growth, metastasis, and treatment options? Evolutionary applications, 6(1),
82–91. https://doi.org/10.1111/eva.12031
15. Hanahan, D., & Weinberg, R. A. (2011). Hallmarks of cancer: the next
generation. Cell, 144(5), 646–674. https://doi.org/10.1016/j.cell.2011.02.013
16. Vander Heiden MG, Cantley LC, Thompson CB. (2009) Understanding the Warburg
effect: the metabolic requirements of cell proliferation. Science, 324(5930), 1029–1033.
17. Yona AH, Manor YS, Herbst RH, Romano GH, Mitchell A, Kupiec M, Pilpel Y, Dahan O.
(2012). Chromosomal duplication is a transient evolutionary solution to stress. Proc Natl
Acad Sci, 109(51), 21010–21015.
18. Cisneros L, Bussey KJ, Orr AJ, Miocevic M, Lineweaver CH, Davies P. (2017). Ancient
genes establish stress-induced mutation as a hallmark of cancer. PLoS One, 12(4),
e0176258.
19. Vincent M. (2012). Cancer: a de-repression of a default survival program common to all
cells? a life-history perspective on the nature of cancer. Bio Essays: news and reviews in
molecular,

cellular

and

developmental

biology, 34(1),

72–82.

https://doi.org/10.1002/bies.201100049
20. Dong, Ql and Xing, Xy. (2018). Cancer cells arise from bacteria. Cancer Cell International,
18(1) 205. https://doi.org/10.1186/s12935-018-0699-4
21. Lax A. J. (2005). Opinion: Bacterial toxins and cancer--a case to answer? Nature reviews.
Microbiology, 3(4), 343–349. https://doi.org/10.1038/nrmicro1130
22. Song, S., Vuai, M.S. &Zhong, M. (2018). The role of bacteria in cancer therapy – enemies
in

the

past,

but

allies

at

present. Infect

Agents

Cancer,

13(9).

https://doi.org/10.1186/s13027-018-0180-y
23. Xuan, C., Shamonki, J. M., Chung, A., Dinome, M. L., Chung, M., Sieling, P. A., & Lee,
D. J. (2014). Microbial dysbiosis is associated with human breast cancer. PloS one, 9(1),
e83744. https://doi.org/10.1371/journal.pone.0083744
24. K Leigh Greathouse, James R White, Ashely J Vargas, Valery V Bliskovsky, Jessica A
Beck, Natalia von Muhlinen, Eric C Polley , Elise D Bowman, Mohammed A Khan , Ana
I Robles, Tomer Cooks, Bríd M Ryan, Noah Padgett, Amiran H Dzutsev, Giorgio
Trinchieri, Marbin A Pineda, Sven Bilke, Paul S Meltzer, Alexis N Hokenstad, Tricia M

Copyright © 2021, Navrachana University

www.nuv.ac.in

Vol. 4, Issue 2, December 2021

Interwoven: An Interdisciplinary Journal of Navrachana University 38

Stickrod, Marina R Walther-Antonio, Joshua P Earl, Joshua C Mell, Jaroslaw E
Krol, Sergey V Balashov , Archana S Bhat, Garth D Ehrlich, Alex Valm, Clayton
Deming, Sean Conlan, Julia Oh, Julie A Segre, Curtis C Harris.(2018). Interaction between
the microbiome and TP53 in human lung cancer. Genome Biology, (19) 123.
https://doi.org/10.1186/s13059-018-1501-6
25. Banerjee, S., Tian, T., Wei, Z., Shih, N., Feldman, M. D., Alwine, J. C., Coukos, G., &
Robertson, E. S. (2017). The ovarian cancer oncobiome. Oncotarget, 8(22), 36225–36245.
https://doi.org/10.18632/oncotarget.16717
26. Cavarretta I, Roberto F, Walter C, Diego S, Roberta L, Elisa R C, Irene L, Laura V,
Giovanni L, Alberto B, Manuels N, Claudia D, Massimo C, Francesco M, Filippo C,
Andrea S. (2017). The Microbiome of the Prostate Tumor Microenvironment. European
Urology, 72(4), 625-631. https://doi.org/10.1016/j.eururo.2017.03.029.
27. Polyak K, Haviv I, Campbell IG (2009). Co-evolution of tumor cells and their
microenvironment.

Trends

in

genetics,

25(1),

30-38.

https://doi.org/10.1016/j.tig.2008.10.012
28. Nejman, D., Livyatan, I., Fuks, G., Gavert, N., Zwang, Y., Geller, L. T., Rotter-Maskowitz,
A., Weiser, R., Mallel, G., Gigi, E., Meltser, A., Douglas, G. M., Kamer, I.,
Gopalakrishnan, V., Dadosh, T., Levin-Zaidman, S., Avnet, S., Atlan, T., Cooper, Z. A.,
Arora, R., … Straussman, R. (2020). The human tumor microbiome is composed of tumor
type-specific intracellular bacteria. Science (New York, N.Y.), 368(6494), 973–980.
https://doi.org/10.1126/science.aay9189
29. Ma, Q., Liang, M., Wu, Y., Ding, N., Duan, L., Yu, T. (2019). Mature osteoclast-derived
apoptotic bodies promote osteogenic differentiation via RANKL-mediated reverse
signaling.

Journal

of

Biological

Chemistry.

294(29)

11240–11247.

doi:

10.

1074/jbc.RA119.007625
30. Riley, D. R., Sieber, K. B., Robinson, K. M., White, J. R., Ganesan, A., Nourbakhsh, S.
(2013). Bacteria-human somatic cell lateral gene transfer is enriched in cancer samples.
PLoS Computational. Biology, 9(6), e1003107. doi: 10.1371/journal. pcbi. 1003107
31. Robinson, K. M., Crabtree, J., Mattick, J. S., Anderson, K. E., and Hotopp, J. C. D. (2017).
Distinguishing potential bacteria-tumor associations from contamination in a secondary
data analysis of public cancer genome sequence data. Microbiome, 5(9). doi:
10.1186/s40168-016-0224-8

Copyright © 2021, Navrachana University

www.nuv.ac.in

Vol. 4, Issue 2, December 2021

Interwoven: An Interdisciplinary Journal of Navrachana University 39

32. Emamalipour, M., Seidi, K., ZununiVahed, S., Jahanban-Esfahlan, A., Jaymand, M.,
Majdi, H., Amoozgar, Z., Chitkushev, L. T., Javaheri, T., Jahanban-Esfahlan, R., &Zare,
P. (2020). Horizontal Gene Transfer: From Evolutionary Flexibility to Disease
Progression. Frontiers

in

cell

and

developmental

biology, 8(229).

https://doi.org/10.3389/fcell.2020.00229
33. Wasielewski, H., Alcock, J., &Aktipis, A. (2016). Resource conflict and cooperation
between human host and gut microbiota: implications for nutrition and health. Annals of
the New York Academy of Sciences, 1372(1), 20–28. https://doi.org/10.1111/nyas.13118
34. Nougayrède, J. P., Homburg, S., Taieb, F., Boury, M., Brzuszkiewicz, E., Gottschalk, G.,
Buchrieser, C., Hacker, J., Dobrindt, U., & Oswald, E. (2006). Escherichia coli induces
DNA double-strand breaks in eukaryotic cells. Science (New York, N.Y.), 313(5788), 848–
851. https://doi.org/10.1126/science.1127059
35. Goodwin, A. C., Destefano Shields, C. E., Wu, S., Huso, D. L., Wu, X., Murray-Stewart,
T. R., Hacker-Prietz, A., Rabizadeh, S., Woster, P. M., Sears, C. L., &Casero, R. A., Jr
(2011). Polyamine catabolism contributes to enterotoxigenic Bacteroidesfragilis-induced
colon tumorigenesis. Proceedings of the National Academy of Sciences of the United States
of America, 108(37), 15354–15359. https://doi.org/10.1073/pnas.1010203108
36. Dalmasso, G., Cougnoux, A., Delmas, J., Darfeuille-Michaud, A., & Bonnet, R. (2014).
The bacterial genotoxin colibactin promotes colon tumor growth by modifying the tumor
microenvironment. Gutmicrobes, 5(5),675–680.
https://doi.org/10.4161/19490976.2014.969989
37. Ferreri, A. J., Govi, S., Pasini, E., Mappa, S., Bertoni, F., Zaja, F., Montalbán, C., Stelitano,
C., Cabrera, M. E., Giordano Resti, A., Politi, L. S., Doglioni, C., Cavalli, F., Zucca, E.,
Ponzoni, M., &Dolcetti, R. (2012). Chlamydophilapsittaci eradication with doxycycline as
first-line targeted therapy for ocular adnexae lymphoma: final results of an international
phase II trial. Journal of clinical oncology: official journal of the American Society of
Clinical Oncology, 30(24), 2988–2994. https://doi.org/10.1200/JCO.2011.41.4466
38. Rubinstein, M. R., Wang, X., Liu, W., Hao, Y., Cai, G., & Han, Y. W. (2013).
Fusobacterium nucleatum promotes colorectal carcinogenesis by modulating E-cadherin/βcatenin signaling via its Fad Aadhesin. Cell host & microbe, 14(2), 195–206.
https://doi.org/10.1016/j.chom.2013.07.012

Copyright © 2021, Navrachana University

www.nuv.ac.in

Vol. 4, Issue 2, December 2021

Interwoven: An Interdisciplinary Journal of Navrachana University 40

39. Goodman, B., & Gardner, H. (2018). The microbiome and cancer. The Journal of
pathology, 244(5), 667–676. https://doi.org/10.1002/path.5047
40. Muegge, B. D., Kuczynski, J., Knights, D., Clemente, J. C., González, A., Fontana, L.,
Henrissat, B., Knight, R., & Gordon, J. I. (2011). Diet drives convergence in gut
microbiome functions across mammalian phylogeny and within humans. Science (New
York, N.Y.), 332(6032), 970–974. https://doi.org/10.1126/science.1198719
41. Wu, G. D., Chen, J., Hoffmann, C., Bittinger, K., Chen, Y. Y., Keilbaugh, S. A., Bewtra,
M., Knights, D., Walters, W. A., Knight, R., Sinha, R., Gilroy, E., Gupta, K., Baldassano,
R., Nessel, L., Li, H., Bushman, F. D., & Lewis, J. D. (2011). Linking long-term dietary
patterns with gut microbial enterotypes. Science (New York, N.Y.), 334(6052), 105–108.
https://doi.org/10.1126/science.1208344
42. De Filippo, C., Cavalieri, D., Di Paola, M., Ramazzotti, M., Poullet, J. B., Massart, S.,
Collini, S., Pieraccini, G., &Lionetti, P. (2010). Impact of diet in shaping gut microbiota
revealed by a comparative study in children from Europe and rural Africa. Proceedings of
the National Academy of Sciences of the United States of America, 107(33), 14691–14696.
https://doi.org/10.1073/pnas.1005963107
43. Amit Kumar Singh, Célia Cabral, Ramesh Kumar, Risha Ganguly, Harvesh Kumar
Rana, Ashutosh Gupta, Maria Rosaria Lauro, Claudia Carbone, Flávio Reis, Abhay K
Pandey. (2019). Beneficial effects of dietary polyphenols on gut microbiota and strategies
to improve delivery efficiency. Nutrients,11(9),2216. Doi: 10.3390/nu11092216.
44. Vivarelli, S., Salemi, R., Candido, S., Falzone, L., Santagati, M., Stefani, S., Torino, F.,
Banna, G. L., Tonini, G., & Libra, M. (2019). Gut Microbiota and Cancer: From
Pathogenesis to Therapy. Cancers, 11(1), 38. https://doi.org/10.3390/cancers11010038
45. DeGruttola, A. K., Low, D., Mizoguchi, A., &Mizoguchi, E. (2016). Current
Understanding of Dysbiosis in Disease in Human and Animal Models. Inflammatory bowel
diseases, 22(5), 1137–1150. https://doi.org/10.1097/MIB.0000000000000750
46. Zuo, T., & Ng, S. C. (2018). The Gut Microbiota in the Pathogenesis and Therapeutics of
Inflammatory

Bowel

Disease. Frontiers

in

microbiology, 9(2247).

https://doi.org/10.3389/fmicb.2018.02247
47. Brial, F., Le Lay, A., Dumas, M. E., &Gauguier, D. (2018). Implication of gut microbiota
metabolites in cardiovascular and metabolic diseases. Cellular and molecular life sciences:
CMLS, 75(21), 3977–3990. https://doi.org/10.1007/s00018-018-2901-1

Copyright © 2021, Navrachana University

www.nuv.ac.in

Vol. 4, Issue 2, December 2021

Interwoven: An Interdisciplinary Journal of Navrachana University 41

48. Fernandes, R., Viana, S. D., Nunes, S., & Reis, F. (2019). Diabetic gut microbiota dysbiosis
as an inflammaging and immunosenescence condition that fosters progression of
retinopathy and nephropathy. Biochimica et biophysicaacta. Molecular basis of
disease, 1865(7), 1876–1897. https://doi.org/10.1016/j.bbadis.2018.09.032
49. Pascale, A., Marchesi, N., Marelli, C., Coppola, A., Luzi, L., Govoni, S., Giustina, A.,
&Gazzaruso, C. (2018). Microbiota and metabolic diseases. Endocrine, 61(3), 357–371.
https://doi.org/10.1007/s12020-018-1605-5
50. Newmark, H. L., Yang, K., Kurihara, N., Fan, K., Augenlicht, L. H., &Lipkin, M. (2009).
Western-style diet-induced colonic tumors and their modulation by calcium and vitamin D
in

C57Bl/6

mice:

a

preclinical

model

for

human

sporadic

colon

cancer. Carcinogenesis, 30(1), 88–92. https://doi.org/10.1093/carcin/bgn229
51. Makarem, N., Lin, Y., Bandera, E. V., Jacques, P. F., & Parekh, N. (2015). Concordance
with World Cancer Research Fund/American Institute for Cancer Research (WCRF/AICR)
guidelines for cancer prevention and obesity-related cancer risk in the Framingham
Offspring cohort (1991-2008). Cancer causes & control, CCC, 26(2), 277–286.
https://doi.org/10.1007/s10552-014-0509-9

Copyright © 2021, Navrachana University

www.nuv.ac.in

