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Chaos, Adaptation and Information are the Main Pillars of Carcinogenesis
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Abstract

Cancer, a disease of multicellular organisms, probably developed almost immediately following the
transition from unicellular to metazoan life, about one billion years ago. Great efforts have been made to
understand the carcinogenesis for many years. In this paper, We tried to explain the cancer based on

Za

“chaos”, “adaptation” and “information” with the context of new literature findings.
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Introduction

Despite the spectacular contributions to knowledge made by molecular biology during the last half
century small variations in cancer mortality was observed [1,2]. There are a number of theories of
carcinogenesis and these theories may be used to justify various alternative cancer treatments. Somatic
mutation theory (SMT) is the most popular theory [3]. Mutational changes generally would be
insufficient to cause cancer, because a minority of cancers were only triggered by about 5% mutations
[4]. Another alternative theory is Tissue Field Organization Theory (TOFT). According to TOFT, the main
mechanism under the carcinogenesis is corrupted tissue organization. Carcinogens destroy the normal
tissue structure thus disrupting cell-to- cell signaling and genomic integrity [3]. Hence, in TOFT the DNA
mutations are the effect, not the cause of the tissue-level events [5,6]. These two theories do not
contradict each other but they converge and complement each other in a single unified carcinogenesis
theory [6]. We proposed a new hypothesis: that cancer arise from the adaptation of the stem cell (chaotic
adaptation theory), 10 years ago [7-9]. Main pillars of the theory are “chaos”, “adaptation” and
“information”.

Background

Homeostasis

Normal epithelium of the tissues has a turnover. Life span of the epithelial differentiated cell is very
short. For example, lifespan of colonic epithelium cell is 3-4 days. Even within this short period, the
differentiated epithelial cells are constantly in contact with the stem cells Normal somatic stem cells
(SSCs) are described as immature cells that have the double capability of self-renewal and differentiation
potential. Somatic stem cells generate differentiated progenies at regular basin. Somatic stem cells are
maintained throughout life. Somatic stem cells-progeny turnover controlled by feedback loops [10,11].
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division and the other reduces the probability of SSCs self-renewal, leading to cell death via terminal
differentiation. [10,12]. Somatic stem cells are thought to often represent the targets for cancer initiation.
Somatic stem cells in tissues also appear to be positioned in protective locations (niche). For example,
blood stem cells are localized in the bone marrow, and gut stem cells are positioned distant from the
nasty contents of the large intestine which should reduce exposure to carcinogens. Niche has usually
been defined as the location surrounding the stem cells. However, this definition of niche is being
changed to involve the cellular components, such as fibroblasts, endothelial cells and immune cells,
which are rich in extracellular matrices, and secreting factors and receptors as well as the signs of the
microenvironment affected by the metabolism [13].

Healthy SSCs should serve to maintain the status quo [14]. Briefly, SSCs activity may be accounted for by
natural selection acting on the decisions of SSCs in response to the signals from other SSCs in the local
micro-environment, and from the more differentiated cells in the rest of the organism [15]. On the other
hand, SSCs show a remarkable regulatory flexibility that allows them to thrive under different
(previously unknown) external conditions and to survive harsh situations. This ability to constantly
sense and adapt to environmental changes is important for all organisms to maintain cellular functions
[16]. Local, systemic and environmental factors regulating of the SSCs [17].

The behavior (phenotype) of SSCs is controlled by coordinated activation and/or inhibition of thousands
of genes. This coordination is achieved via a complex network of gene regulation that enables a cell to
express the appropriate set of genes for a particular environment and/or phenotype [18]. The genome
just needs to have enough instructions to recreate the required microenvironment so that the behavior
can be sufficiently replicated within the required space to serve the required function. Signal-
transduction pathways can translate extracellular signals into specific intracellular responses, including
the launch of alternative gene expression programs to cope with new conditions. However, in a
nonlinear system, it is not necessary for the genome to record every detailed instruction; in fact, the
genome lacks the necessary power to encode everything wide range of challenges (stress), including
those not encountered during evolutionary history [19].

Stress

Stress (microenviromental stress or field cancerization) is defined as an environmental factor that causes
a change in a biological system which is potentially injurious [20]. Homo sapiens currently encounter a
plethora of new chemical and physical agents (mutagen or non mutagen) that were not present in nature
throughout our long evolutionary history. [21]. We are currently exposed to such as vinyl chloride,
dioxins or benzene (all shown to cause cancers) are also exposed to amounts of ionizing radiation, which
far exceed natural levels experienced by our ancestors. Our enzymatic detoxification systems can still
recognize functional groups within these molecules; they are not completely efficient in guarding our
bodies from the onslaught of foreign molecular insults [21]. At the same time, we are getting our calories
mostly from sugar and high-fructose corn syrup and getting much less exercise [22,23]. Stress shortens
the lifespan of differentiated cell and SSCs rapidly and reversibly switch to produce an excess of progeny
to regenerate the lost tissue [24].

Chaotic behavior

Chaotic behavior is highly widespread in the universe such as in weather, road traffic, meteorology,
anthropology, sociology, physics, computer science, economics and even biology [25,26].

From an evolutionary perspective, self-organization creates complex systems which are then shaped
until they exist at the boundary between order and chaos, held there by an intricate system of feedback.
The system can use deterministic chaos when needed and then return to order, maintaining its flexibility
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without losing its structure [19]. Several studies have demonstrated an important role of feedbacks in
generation of chaos [27]. Changes in the chaotic dynamics of cellular function evolve in parallel with
changes in the fractal geometry of cellular structure [19].

The Hypothesis

In physiologic conditions, somatic stem cells (S5Cs) receive information from their progenies. This
received information is processed by SSCs genome and appropriate response is created. This response is
production of new progenies. There is no time delay for the creation of appropriate response and
production of new progenies (feed-back). We named this phase as a physiologic phase [28]. In second
stage, known extreme conditions (inflammation, heat, chemicals etc.) or previously unknown conditions
caused to phenotypic diversity (Tactical phase). Atrophic and hypertrophic changes are seen in this
phase. In this phase, SSCs create minimally different phenotypes. SSCs increase or decrease size of
progenies and changes metabolic properties.

Genotypes can be organized into vast genotype spaces [29]. “A” new pathway/phenotype can mean the
difference between life and death; either by allowing its carrier to subsist survives in a hostile
environment (innovative ecosystem). If tactical phase is not enough to protect progenies, SSCs genome
jumps to edge of chaos (Edge of chaos phase or atavistic phase).[30] Previously known differentiated
cells (progenies) originated from the SSCs at this stage (transition of epithelium another type of resistant
epithelium). In this state the system can be predicted and controlled. This phase represents as dysplasia
or metaplasia (preneoplastic) clinically. These phenotypes may be evaluated as Atavistic phenotypes
[31].

If the SSCs and progenies cannot adapt the hostile environment (increased free energy), systems jump to
chaotic phase or rescue phase (innovative phase). In this phase, SSCs become cancer stem cells. The lag in
transduction of the input signal is a necessary condition for emerge of chaotic behavior [32,33] These
changes are “Strategic” changes (fundamental changes in ongoing cell function). SSCs explore own
genotype spaces through “chaotic search”.

Stochasticity and chaos are not identical. Chaotic sequences can be produced by determinate algorithms
as first shown by Lorenz. The difference is important because the variations in determinate chaos are
constrained by an attractor, whereas genuine stochasticity is not. The difference can be made clear in
phase plots. This dependence of initial conditions may explain tissue specific cancer behavior (e.g.
different behavior of colorectal cancer vs. pancreas cancer).

All chaotic innovations originate in some space of genotypes. These innovations involve molecules with
new structures and biochemical functions. Chaos can act as a “heterogeneity engine” that allows a
population of cells to quickly explore a large number of phenotypes (different morphology, nuclear
structure, chromatin architecture, metabolism, trans-membrane potentials etc ) [28]. Genome chaos refers
to elevated rates of genomic restructuring, such as changes in chromosome number (aneuploidy),
segmental chromosomal rearrangements (translocations, duplications, inversions and deletions),
instability of repetitive sequences [32], and single catastrophic events, such as the recently described
phenomenon of chromothripsis [33].

In this stage; SSC’s choices “survive” instead of “evolve”. Indeed, molecular differences can usually be
found between any two cases, leading to the impression that perhaps, like snowflakes, no two cancer
cases are exactly alike. Lack of experimental evidence of chaos generation at the intracellular level in vivo
may indicate that during evolution the cell has found a solution to this problem the possibility of
stabilizing the system in the presence of chaos-generating factors [34]. Phenotypic diversity created by
genome chaos can be advantageous in hostile environments is well established in the ecology and
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population genetics literature [35]. Thus, it seems that previously unknown stress can trigger chaotic,
genome expression responses on the basis of regulatory network plasticity, followed by selection for
adaptive portions of the response [30,36]. Also, chromosomal chaos silences immune surveillance [37].
Despite the fact that genome chaos is often associated with elevated levels of cell death some chaotic
genomes temporarily survive. The phenotype of the malignant progenies appears to depend on both the
tissue specific microenvironment and the organ specific genome space, as demonstrated by previous
experiments [38].

Niche construction is the process by which organisms modify their environment through their normal
bioregulatory activity. Tumor tissue is niche construction. Metastases can be explained by the adaptive
walk requires that some members of a niche venture out to see what other niches have to offer. New
niches might be more adaptive to their circumstances than the present niche, other new niches less so.

In presence of germline mutations or acquired mutations, there are wrong SSCs in right place (absent of
the SSC receptors for environmental signals) and aforementioned mechanism starts again.

Approximately 45% of the human genome is comprised of transposable elements (TEs). TEs are not
simply ‘parasitic’ DNA. TEs activity can play an essential role in the host response to stress, facilitating
the adaptation of populations and species facing changing environments. TEs have been shaping the
genome throughout evolution, contributing to the creation of new genes and sophisticated regulatory
network systems [8]. TEs can also facilitate this chaotic genome reorganization.

In addition, the process of aging is characterized by functional decline due to histological and
biochemical changes in tissues and organ systems with the passage of time. Declining functionality is
paralleled by diminishing capacity to respond to injury or stress and this chaotic behavior may be the
way of fight against stress for aged SSCs. This may explain age-dependent rise in cancer incidence.

Evidence supporting the chaotic adaptation theory

Liu et al. demonstrated that, potential chaotic motifs are seen in the expression of certain genes in the
cancer cell line and they conclude that more complex and somewhat more disorganized chaotic motifs
can be found in cancer [18]. Ghosh et al. considered a mathematic model, describing the interactions of
cancer cells with their microenvironment and they demonstrated chaotic behavior of cancer cell [39].
Uthamacumaran published an interesting hypothetical article. In this article, author tried to explain
cancer with quantum chaos concept and stated that “A multi-dimensional model of quantum evolution
by adaptive selection has been established for cancer biology” [40]. Fractal entropy is a model recently
proposed by Garland which again places metabolism centre stage in cancer development. Garland also
pointed out the paradox, discussed above, regarding the common profile of cancer cells, and noted that
many of the genetic and epigenetic pathways involved in cancer development either directly or
indirectly also influence energy management [41].

Also several articles indicate the importance and significance of chaos/adaptation in the development
and prognosis of cancer [42-44].

Consequences of the hypothesis and conclusion

According to CAT, the development of tumors is closely related to the microenvironment; therefore, the
treatment and prevention of cancer can be achieved by changing the microenvironment. We think that
development of drugs or agents fix the degenerated microenvironment will be use to prevent or treat the
cancer [45, 46].
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