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ABSTRACT
One of the most intriguing problems in biomedical sciences is the theory explaining cancer formation. It is known that 
cancer is the result of many molecular processes, the presence of oncogenic factors and the loss of apoptosis of affected 
cells. We currently have hypotheses based on carcinogenesis because of a single cell gene mutation, i.e. somatic mutation 
theory (SMT), or disorders in tissue architecture and intercellular communication called (TOFT) Tissue Organization Field 
Theory. An attempt to combine these separate and compatible cause and effect pathways into one unified theory of cancer 
transformation is the theory of chaotic adaptation. The new interpretative model is the systemic-evolution theory of cancer 
(SETOC) which postulates disintegration between the symbiosis of “energy” and “information” in normal cells. There are also 
epidemiological studies confirming that some types of cancer arise from viral infection. So, let us ask the question, can one 
hypothesis explain all the features of cancer?

Key words: carcinogenesis; somatic mutation theory; tissue organization field theory; chaotic adaptation; systemic-evolution 
theory of cancer; genome; chaos; information

Ginekologia Polska 2021; 92, 4: 318–321

INTRODUCTION
Despite the spectacular contribution of molecular biol-

ogy techniques in the field of carcinogenesis, the cancer 
mortality statistics do not show much difference. In the com-
munity of researchers of the process of neoplastic transfor-
mation, there is a debate regarding the insufficient methods 
of explaining this phenomenon. The purpose of our work 
is to present arguments, hypotheses and methodological 
assumptions describing the most current achievements in 
the context of the carcinogenesis dispute.

THE THEORIES AND EVALUATION  
OF THE IDES

For at least 30 years, the dominant theory of cancero-
genesis was somatic mutation theory (SMT) [1]. It assumed 
that cancer is a clonal, cellular disorder, and its formation 
is a multistage process. It is characterized by the accumu-
lation of changes in the genetic material in the cell — as 
a result of biological genotoxic mechanisms and epigenetic 
changes. The consequence of these changes is the accu-
mulation of DNA mutations in tumor suppressor genes, 
microRNA genes, DNA repair genes or genes involved in cell 

cycle control and cell proliferation and apoptosis. In turn, 
epigenetic factors change the degree of DNA methylation 
and / or the conformation of chromatin, which is manifested 
by a change in the transcriptional activity of genes. Other 
factors important in the carcinogenesis process are also 
hereditary factors, immunology, hormonal status and ex-
ternal factors: chemicals, lifestyle, diet, cigarette smoke, sun 
exposure, radiation or viral, bacterial and other infections. 

However, it should be emphasized that most cancers are 
histopathologically diverse and contain cytologically differ-
ent clones resulting from genetic transformation from one 
transformed cell. It also seems that mutational changes are 
generally insufficient to cause cancer, because only a small 
proportion of cancers, in about 5%, arise as a result of muta-
tions [2]. The theory of somatic mutations has never been 
able to explain how non-mutagenic factors are responsible 
for carcinogenesis. The somatic mutation model also ignores 
the fact that in every known case of cancer, not only indi-
vidual genes can contain mutations, but also entire chro-
mosomes that carry thousands of genes, can be duplicated, 
damaged, or structurally incorrect. Numerous experimental 
data suggest that this chaos at the chromosomal level is not 
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only a side effect of carcinogenesis, but a direct cause and 
driving force of cancerous changes. Chromosomal muta-
tions, which massively disturb the balance of thousands of 
genes, are sufficient to cause cellular instability [3]. Genetic 
instability may affect the enzymes which replicate DNA, en-
zymes which repair DNA, protein which affect chromosomal 
stability (histones, kinetochore proteins, spindle proteins) 
and proteins which control apoptosis and cell cycle regula-
tion in response to DNA damage (p53 and pRb). The forma-
tion of micronuclei is also associated with chromosomal 
instability. Various molecular mechanisms are responsible 
for its formation, including double-stranded DNA breaks, im-
paired DNA repair response, improper DNA replication, DNA 
adduct-forming chemical or interference with mitosis [4].  
Therefore, micronucleus formation usually acts as an index 
of genotoxic effects and chromosomal instability (both in-
herited and induced).

Therefore, carcinogens appear to act as „aneuploidies” 
rather than as mutagens. This fact explains why cancer cells, 
even within the same tumor, may have different combina-
tions and changes in their chromosomes, making each cell 
a kind of new species for themselves, and their instability 
allows cancer cells to evolve new traits (phenotypes). The 
unusual variability of cancer cells and the huge variety of 
their phenotypes are the main reasons why tumors remain 
an unsolvable problem, both from a scientific and therapeu-
tic point of view. The challenge, therefore, is to formulate 
a theory explaining how one normal cell, out of billions 
making up the human body, becomes chromosomally and 
phenotypically altered to cause a deadly cancer. Since each 
of the features of carcinogenesis that cannot be explained 
by a theory of mutation is associated with chromosomal 
changes, a chromosomal theory of cancer has been pro-
posed that considers this inherent instability [5]. The SMT 
theory and the chromosomal theory are complemented 
by the theory called TOFT Tissue Organization Field Theory, 
which suggests that the origin and subsequent features of 
the cancer result from disorders in the microenvironment  
of the cell in the tissue in which the tumor is formed, lives 
and grows [6]. Molecular dialogue in this zone and cellu-
lar communication involves various host cells such as: en-
dothelial cells, pericytes, immune cells, inflammatory cells, 
fibroblasts, soluble factors and structural components such 
as extracellular matrix, various proteins such as integrins, 
metalloproteinases, various factors growth and their recep-
tors, as well as miRNA, oxygen, nutrient and other various 
chemical mediators [7]. Thus, the environment within the 
tumor and around the tumor becomes crucial for its growth, 
survival and impact on the host. According to the TOFT 
theory, tumorigenesis processes result from deregulation 
of interactions between cells and the microenvironment 
and disruption of cellular communication needed to main-

tain normal tissue structure, and DNA mutations are not 
primarily a necessary carcinogen [6]. During the neoplastic 
process, significant structural and functional changes oc-
cur at the border between cancer cells and neighboring 
host cells. However, the cancer is still localized in single 
cells. Therefore, in TOFT DNA mutations are the result and 
not the cause of disorders at the tissue level.

Nevertheless, no theory can explain all the features of 
cancer. In other words, different types of cancer are charac-
terized by uncontrolled cell proliferation, genomic instabil-
ity, DNA damage, or significant reprogramming of cellular 
energy metabolism. All cancer cells are insensitive to signals 
that inhibit proliferation, allow cancer cells to avoid immune 
destruction, thereby acquiring neoangiogenesis capabilities 
and activating invasion and metastasis [8].

Bedessem and Ruphy suggest that TOFT and SMT de-
scribe two separate and compatible cause and effect path-
ways and that these two theories are not contradictory but 
converge and complement each other in one unified theory 
of carcinogenesis — chaotic adaptation theory (CAT) [9].  
The essence of this theory is the hypothesis that cancer aris-
es from the adaptation of stem cells. The main pillars of the 
theory are chaos „adaptation „and” information”. According 
to CAT theory, the development of cancer is strictly depend-
ent on the microenvironment. Two researchers Tomasetti 
and Vogelstein have shown that spontaneous mutations 
occurring during the division of stem cells can lead to the 
formation of neoplastic changes in some tissues, and the 
risk of developing cancerogenic changes is correlated with 
the total number of normal self-renewing cells that maintain 
tissue in homeostasis [10].

Normal somatic stem cells (SSCs) are described as imma-
ture cells that have a dual ability to self-renew and differenti-
ate. Their activity can be explained by natural selection act-
ing based on SSC decisions in response to signals from other 
SSCs in the local microenvironment and from more diverse 
cells in the rest of the body [11]. On the other hand, SSCs 
have remarkable regulatory flexibility that allows them to 
operate in various external conditions. This ability to adapt 
to environmental changes is important for all organisms to 
maintain cellular functions [12]. SSC function is controlled 
by coordinated activation and / or inhibition of thousands 
of genes in a particular environment.

According to the hypothesis of chaotic adaptation 
theory, somatic stem cells (SSCs) receive information from 
daughter cells, which is transmitted to the SSC nucleus and 
a response is created. This phase was called the physiological 
phase [13]. The next phase is the tactical phase, in which as 
a result of adverse environmental changes, SSCs form cells 
of different phenotype, i.e. different shapes, different me-
tabolism, etc. At this stage, mainly morphological atrophic 
and hypertrophic changes are observed. If the tactical phase 
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is not enough to protect the resulting daughter cells, the 
SSC genome jumps to the brink of chaos. This phase is called 
the chaos edge phase or the atavistic phase. This phase is 
pathomorphologically described as dysplasia or preneoplas-
tic metaplasia, and phenotypes are referred to as atavistic 
phenotypes. If the SSC and daughter cells cannot adapt to 
an environment with increased energy flows, the systems 
go into the chaos or rescue phase (innovation phase). In 
this phase, SSCs become cancer stem cells. Delay in input 
signal transduction is a prerequisite for chaotic behavior 
[14, 15] These changes are „strategic” (fundamental changes 
in the current function of the cell). SSCs explore their own 
genotype spaces through ‚chaotic search’. Stochasticity and 
chaos are not identical. Chaotic sequences can be produced 
using deterministic algorithms [16]. 

The difference is important because differences in 
determined chaos are limited by the attractor, while true 
stochasticity is not limited. All chaotic innovations have 
their source in some genotype space. These innovations 
include molecules with new structures and biochemical 
functions. Chaos can act as a „heterogeneity engine” that 
allows cell populations to quickly study many phenotypes 
(different morphology, nuclear structure, chromatin archi-
tecture, metabolism, transmembrane potentials, etc.) [13]. 
Genomic chaos also refers to an increased rate of genome 
restructuring: changes in the number of chromosomes 
(aneuploidy), segmental rearrangement of chromosomes 
(translocations, duplications, inversions and deletions), in-
stability of repetitive sequences and individual catastrophic 
events, e.g. the phenomenon of chromothripsis [14, 15]. 
Chromothripsis is a subtype of chaotic genome. It makes 
up roughly less than 10% of all different types of chaotic 
genomes examined [17]. The lack of experimental evidence 
of generating chaos at the intracellular level in vivo may 
indicate that during evolution the cell found a solution to 
this problem, namely the possibility of stabilizing the system 
in the presence of factors generating chaos [18]. Phenotypic 
diversity created by genomic chaos can be beneficial in 
a hostile environment, it is well established in ecology and 
population genetics.

The fact remains that, despite the chaos in the genome, 
which should generally lead to cell death, some chaotic 
genomes acquire the ability to survive and survive. About 
45% of the human genome consists of transposable ele-
ments, which is a type of unauthorized recombination that 
does not require the homology of the nucleotide sequence 
of the DNA molecules involved. Transposable elements, 
which belong to the group of mobile genetic elements, 
due to their ability to move from one place in the genome 
to another, can cause large changes in the structure of the 
genome, i.e. inversions, deletions and duplications large 
DNA fragments. DNA transposition is commonly found in 

the human genome, but usually does not include coding 
sequences.

Liu et al. [19] presented evidence to support chaotic 
theory, showing that potential chaotic motifs are visible in 
the expression of certain genes in cancer cell lines.

Recently, Lou and Liu, propose the integrative theory for 
cancer, in which are three basic elements of cancer develop-
ment — genetic alterations (cancer), metabolic imbalance 
(host) and immunological response (host) [20]. Cancer is 
a complex disease involving many changes in cell physiol-
ogy and metabolism. According to Warburg the primary 
cause of cancer is a metabolic switch from oxidative to 
glycolytic metabolism. Damage the respiration and energy 
metabolism precedes and underlies the genome instability 
that accompanies tumor development [21]. According to 
Seyfried cancer is a mitochondrial metabolic disease [22]. 
The dysregulation of mitochondrial function is one the main 
component of the metabolic reprograming of cell. Abnor-
malities in the content and composition of mitochondria 
have been observed in different tumor tissues. The changes 
of metabolism can also trigger transcriptional programs 
alterations associated with the inflammatory milieu, accel-
eration cellular proliferation and metastasis [23].

The latest theory is the systemic-evolution theory of 
cancer (SETOC) which postulates two connected con-
cepts. Breaking down the endosymbiosis between mito-
chondria and the information nucleus/cytoplasm. The evo-
lution of the system of various cellular components because 
of long-term injuries leads to atavistic biological functions, 
dysplasia and then cancer [24]. Several studies show that 
destroying the communication between the mitochondria 
and nucleus makes the first dysfunctional and triggers car-
cinogenesis [25–27].

Epidemiological studies show that some of the cancers 
are caused by infection with a virus containing RNA-type 
genetic material (hepatitis c-HCV virus, retroviruses, e.g. 
HTLV-1) or DNA-type viruses [i.e. hepatitis B virus (HBV), 
Kaposi sarcoma herpesvirus (KSHV/HHV8, Merkel cell poly-
omavirus (MCV), Epstein-Barr virus (EBV)]. Cancer develops 
most often as a result of long-term infection. In addition, 
non-infectious cofactors, including age, genetics, environ-
mental play an important role in the etiology of these 
cancers. Other factors and immunity e.g. dietary aflatoxin 
for HBV related hepatocellular carcinoma or host mutation 
predispose such as in genes encoding EVER1 and EVER2 for 
beta HPV-related epidermodysplasia verruciformis [28]. 
Individual human tumor viruses exert their malignant ef-
fects in different ways.

SUMMARY
In modern science, the existence of competing theories 

that differ in basic assumptions, but are based partly on 
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the same experimental data, is not unusual. The solution 
to a certain problem, in this case theories regarding the 
formation of tumors, can be analyzed by the thesis that 
it is impossible to specify or explain the theory through 
given experiments. The existence of significant theoretical 
differences between the processes presented above results 
from the huge amount of experimental data and the lack of 
unambiguous results confirming or negating the assump-
tions of the researchers. It is possible that soon, thanks 
to advances in molecular research on carcinogenesis, the 
problem of the formation and treatment of cancerous cell 
transformation will be partially solved [29].
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