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Abstract

Cancer evolves to make all else evolve along with it. Each cancer cell is the result of a huge number of mutations
undergone till the point of activation of uncogenes by some kind of natural selection. The uncovirus evolved
all along entering the primitive cellular life as an endosymbiont through the mitochondrial route and got
itself thoroughly entrenched in the very life process of each living cell, waiting for the appropriate moment
to trigger tumor genesis. We propose that multicellularism evolved to arrest cancerous proliferation i.e.
overgrowth of single cell types. Afterwards specialized tumor suppression mechanisms, cancer suppressor
proteins, lymphoid organs with immune cells evolved to protect the organism against carcinogenesis. It
seems as if only to not fall into cancer’s deadly trap, all creatures have evolved definite mechanisms and in
the process have not only gotten their diversified morphologies, but also their specific physiological systems.
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Introduction

Unrestrained proliferation of any one category is
always opposed by the emergence of effective control
mechanisms evolving alongside it to counter such
canker. The unrestrained growth is a tendency towards
disruption of order and organization in the system and
thus the counteracting agency must be an ordering
principle or agency that always works to restore or
maintain order and organization by adopting as many
means and methods as would be suitable to counteract
the force of cancer. Evolution of cancer cells by mutation
and selection are exactly like evolution of species by
such processes!!.

Mutation risk increases with age and with number
of cells of an organism. Correspondingly cancer risk
too must increase, since carcinogenic mutations become
more probable with increasing mass and age. It means
that higher mass animals such as elephants and whales
compared to humans (or humans compared to mice)
should have more susceptibility to cancer, while it is not
observed to be so. This is Peto’s paradox!?. There must
have been selection for definite protection against cancer
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with evolution of new morphological and biological
characteristics such as larger body size and longer lifel*].
The killer capacity of cancer has been highlighted by
Lichtenstein as an additional hallmark and this must
have had its selection agency in the evolution of various
species, their mutation rates, body sizes, longevity,
susceptibility to mutagens and so onl*. Evolution
of malignant tissues has been seen to be similar to
evolution of drug resistance in bacterial communities!®].
Evidences are there that skin acted as a selection agent in
the evolution of black pigmentation in early hominin!®),

Species-specific and cell-specific requirements
for malignancy has been studied all through, but there
has also been corresponding evolution of resistance
against the diseasel’”). Klein has emphasized studying
the genetics of cancer resistance rather than of cancer
attack which is clearly an evolutionary perspectivel®].
For example the P53 family of genes including P63 and
P73 has its common ancestry in the P63/P73 genes found
in fish and sea anemones. They have later diversified
in their functions in higher vertebrates though their
sole function is to protect the germ-line from genomic
instability following from various stresses!’].

The contribution of cancer to evolution all along
the history of life on earth is so deep that Greaves has
echoed Dobjhansky’s famous statement in regard to it-
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“Nothing in cancer makes sense ...” 1,

Multicellularism

Cancer has been branded as a disease of the
multicellular organisms where multicellualrity has
failed(!']. How cancer permeates the entire landscape of
multicellular life forms has been reviewed by Aktipis
et all'?]. Note that cancer, in this series of essays, is an
evolutionary force of unrestrained proliferation and not
just a disease.

The autonomous unicellular became multicellular
only to resist cancer. s that autonomy somehow stored
in the highly complex and organized multicellular
organisms? Are the individual cells
endeavoring for selfish reproductive success resulting
in this tug-of-war for reproductive success between
the organism and its “would-be-cancer-cells”? Indeed,
the reproductive success of the organism might be the
explanation for the late-age appearance of cancer!'3].
Nature in this manner gives a chance to the organism
to propagate itself by struggling and maximizing its
reproductive success against its individualistically
endeavoring “would-be-cancer-cells”. Success of cancer
cells proves that nature favors them or they have molded
nature successfully so that oncomutations get inherited
thereby. Further, competition among cancer cells leads to
the faster dividing cells overpowering and outcompeting
the comparatively slower dividing cells. Nature thus
favors the cellular over the organismic reproductive
success! Cellular reproduction has overpowered natural
selection!!41!

incessantly

Evolution of sexual reproduction

Reproduction as a process of fulfilment of the instinct
for perpetuation is the common characteristic of all
lifel'*. However, no life-form has been able to proliferate
indefinitely. The emergence of multicellularism from
unicellularism is one such stage where unrestrained
growth of unicellular life was halted in favor of
complexity. Indeed, phylostaratigraphic tracking of
oncogenes suggests that multicellularism in metazoa
emerged as a micro-evolutionary transition following a
complex multi-level selection!!3]. Further, divergence of
species occurred at different epochs of evolution owing
to various selection pressures. Such diversification
effectively controlled unrestrained proliferation of any
one species by competition. For this reason, cancer is
seen to be a failure of multicellularity!'®). Similarly
sexual reproduction evolved from the asexual mode to

drastically reduce asexual proliferation of the particular
type.

Differentiation of cells in an organism is similar
to diversification of species in the sense that both can
be seen as an effect of a regulatory force that restricts
undifferentiated growth of a particular kind. A tumor
in an organism is just such an undifferentiated growth,
which may become cancerous. The cancer suppressor
gene, apoptosis, autophagy and such other cellular
mechanisms have evolved only to suppress or eliminate
the possibility of such undifferentiated cell growth or
tumor formation. The existence of the definite times for
cell division in different tissues is also such an effective
mechanism(!”],

Cancer Suppression Mechanisms

Cancer suppressor proteins(CSP) are part of the
defense system of the body against cancer cells. If there
is any abnormality or deviation in the cell multiplication,
then these CSPs cause the cell to die or lead to its
senescence. Thus CSPs are the reason for normal growth
and make us fittest for survivall!’l. Then how does CSP
fail to halt the success of normal cells and give in to the
cancerous mode? Is it only to gain higher uncontrolled
reproductive success or it has some other deeper
meaning?

For example, among the CSPs, P'® is one which
causes senescence of abnormally multiplying cells.
Contrary to this, VEGF (Vascular Endothelial Growth
Factor) stimulates blood vessels to supply the cancer
cells with sufficient nutrients for successful growth and
multiplication. Here which one competes with which?
The P'® competes with VEGF or nature competes
with the
While nature’s objective is reproductive success, the
evolutionary force has for itself the role of ultimately
monitoring nature’s forces and consequences and takes
care of things by endowing the organism with P'® against
VEGF. Or, do both operate simultaneously on both P'®
and VEGF to compete among themselves and finally it
is the achievement of the beneficial one (P'®) to win? It
has been found that the tumors become refractory and
then become resistant to any antibodies tried against the
VEGFs!'®l. Similarly Tumor suppressor protein P53 is
pitted against MDMX and MDM2 (or HDM2 in case
of humans) that inactivate them!!"l. Cancer seems to be
winning in this battle of evolutionary competition!

supreme conscious evolutionary force?
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Similarly, the genes responsible for facilitating the
human fetus to form placenta in to the womb, normally
remain silent in adult tissues. In cancer cells these
genes become active and trigger aggressive growth of
blood vessels to ensure energy supply for their growth
and multiplication. It seems as if a cancer cell were the
knower of all advantageous set-ups of the body and
specializes in employing them for its own purpose!
Indeed recent studies indicate that ancient retroviruses
had a significant contribution in the development of
placental gene regulatory networks in mammals?],
The huge variation in mammalian placental form and
function across species as well as phenotypic plasticity
may be linked to the evolutionary diversifications of the
retroviruses themselves!?!2%],

Lymphoid organs and immune cells

Inboth vertebrates and invertebrates antigen-specific
immunity serves the purpose of defense against virus,
bacteria and other pathogens and primarily they protect
the organism against pre-cancerous and cancerous cells
and thus they contribute towards tumor suppression!?3].
Immune system is comparatively more developed and
complex in vertebratesi>*?3]. The design of the whole
lymphoid system such as primary lymphoid organs (bone
marrow, thymus), secondary lymphoid organs (lymph
nodes, spleen, mucosa associated lymphoid tissue, skin
associated lymphoid tissue and lymph cells) and immune
cells such as B cells, T cells and NK cells; phagocytes i.e.
monocyte-macrophage system and neutrophils; antigen
presenting cells (APCs), granulocytes, mast cells,
platelets is to defend the body!?%l. The cell-mediated and
humoral (antibody) responses of the immune system
result from the coordinated activities of all the immune
cells, organs and tissues found throughout the body and
they combinedly function to defend the body against
antigens.

The whole micro-system of the body is protected
by a cascade of defense mechanisms including Tertiary

Lymphoid organs (TLOs) and Ectopic Lymphatic
Organs (ELOs), but still cancer can easily take its place
successfully?-28], It seems as if cancer were already
there and in response to it the body has tried to develop
some successful mechanisms but finally could only
develop these defense systems which are but too feeble
to defend against cancer so much so that even if cancer is
detected and treated at an early stage and in an early age,
premature ageing of the survivors starts?%],

Enucleation of RBCs in mammals

RBCs are pivotal to the life of many higher
organisms and in the mammals, they are bereft of nucleus
and hence are devoid of DNA. The increased oxygen
carrying capacity, the flexibility of having a biconcave
shape after the ejection of the nucleus and mitochondria
are definitely potent reasons for the enulcleation. But
the more important reason seems to us to be to not
have any genetic material which can possibly become
cancerous, from which there would be no escape from
certain deathl3%3!], The greatest advantage of getting rid
of mitochondria and nucleus on the part of the mature
RBC is thus to avoid cancer by getting rid of all genetic
material, since it is seen that (Nucleated RBC) NRBC
appear in adult patients just 2 to 3 weeks before death.

We tabulate below the cancer inhibitory and the
cancer supportive processes respectively brought about
by the actions of the cosmic ordering principle(COP)
and the principle of disorder(POD)B32. Therapeutic
approaches to counter cancer are merely the actions of
COP acting through our intelligence to restore order in
the system affected by cancer(POD). This lets us put
them under COP, though it may be said to be artificial
while the systemic defenses are natural. But the natural-
artificial divide here is itself quite artificial since
intelligence-based therapeutic approaches are only too
natural for human beings to take recourse to!
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Table 1: Action of COP in cancer inhibition and

POD in Cancer progression:

Processes

Cosmic Ordering Principle(COP)

Principle of Disorder(POD)

A. Cellular Processes

1. Growth inihibition signals Self-sufficiency in growth signals
2. Limited Replicative potential limitless replicative potential
3. Apoptosis Evasion of Apoptosis
4. Autophagy Inhibition of Autophagy
S. Necroptosis Inhibition of Necroptosis
6. Anoikis Anoikis resistance
7. Oxydative Phosphorilation Glycolysis (Warburg effect)
B. DNA related processes
L. Chromatin remodeling DNA damage:- adducts and lesions
2. Histone modification Mutation accumulation.
3. Epigenetic Control oncogenes
4. Transcription factors Mutational inactivation of Tumor suppressor
5. RNAI genes.
6. DNA damage sensors DNA Repair failure.
7. Non-homogeneous end-joining path way | Intra tumor heterogeneity
(Repair mechanism)
8. Antioxidant defense system Over-production of oxyradicals and ROS.
9. Telomere erosion Telomere preservation/reactivation

C. Immune system

Immune cells of different kinds
. Immune editing
3. Lymphoid organs

Immune suppression

anaesthetics, analgesics and anti-inflammatory
drugs
3. Other therapeutic approaches

4. Cancer suppressor proteins VEGF (Vascular Endothelial Growth factor),
sustained angiogenesis, Lymphangiogenesis
5. Macrophages Anti-inflammatory immune suppressor
D. Extra-cellular processes 1. Cell-cell adhesion Metastasis
2. Tumor progression inhibitory Tumor progressive adaptations,
microenvironment Degradation of extra-cellular matrix to create
new passages for metastasis
E. Therapeutic intervention 1. Surgical intervention Post-operative accelerated metastasis and
2. Ancillary clinical strategies such as peri-operative immuno-suppression,

All round Systemic dysfunction, multiple
organ failure and the resultant

appearance of host of other diseases
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Conclusion

We focused on how cancer has shaped up evolution
in crucial stages and in decisive ways, out of which
we explicitly dealt with evolution of multicellularism,
reproduction, immune system and a few other aspects.
Multicellularism arrests unicellular proliferation but,
the organization of tissues and decentralization of
responsibilities by their spatially limiting the urge
for proliferation of the cells create a pressure on the
somatic cells to react and become cancerous. Cancer is
thus a fundamental factor in evolution of multicellulars
with all kinds of tumor-suppression mechanisms. In
the extracellular niche, the cells proliferate and are
continuously under competition pressure for nutrition,
survival and space. Thus, the cell may reach a
competing state to acquire high ability to grow, divide
and gain strength to attain immortality, by acquiring an
oncomutation. Though tumor-suppression mechanisms
are in place, cancer has its ways to wade around them
and metastasize. Indeed, nothing in evolution makes
sense except in the light of cancer.
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