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Abstract

Increasing evidence has shown that Darwin’s theory of evolution provides vital insights into the
emergence and etiology of different types of cancer. On a microscopic scale, cancer stem cells meet
the conditions for the Darwinian process of natural selection. In particular, cancer stem cells
undergo cell reproduction characterized by the emergence of heritable variability that promotes
replication and cell survival.

Methods: Evidence from previous studies was gathered to compare Burnet’s clonal selection
theory with the tumor evolution theory.

Results: The findings show that the Darwinian theory offers a general framework for understanding
fundamental aspects of cancer. As fundamental theoretical frameworks, Burnet’s clonal selection
theory and the tumor evolution theory can be used to explain cancer cell evolution and identify the
beneficial adaptations that contribute to cell survival in tissue landscapes and tissue ecosystems.

Conclusions: In conclusion, this study shows that both Burnet’s clonal selection theory and the
tumor evolution theory postulate that cancer cells in tissue ecosystems evolve through reiterative
processes, such as clonal expansion, clonal selection, and genetic diversification. Therefore, both
theories provide insights into the complexities and dynamics of cancer, including its development
and progression. Finally, we take into account the occurrence of biologic variation in both tumor
cells and lymphocytes. It is important to note that the presence of lymphocyte variations appears to
be advantageous in the framework of tumor defense but also dangerous within the framework of
autoimmune disease development.
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Introduction

Cancer remains a leading cause of mortality and
poor health worldwide [1, 2]. Despite the enormous
amount of money, resources, and effort expended in
the last two decades, successful control and
eradication of the disease have remained elusive [3, 4].

cancer genetics and Dbiology has improved
significantly. Moreover, knowledge regarding the
complexity of cancer and its evolutionary character-
istics provides a reliable basis and opportunities for
developing interventions and therapies to manage

Furthermore, an increasing worldwide prevalence of
various risk factors, such as smoking, obesity, and
physical inactivity, that increase the likelihood of
cancer development has been revealed over the last
decade [5, 6, 7]. However, our understanding of

and control the disease [8]. Greaves noted that
scientists such as Peter Nowell and Macfarlane Burnet
have developed groundbreaking theories describing
cancer progression and development as evolutionary
processes driven by somatic cell mutations and
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subclonal selection [9]. Their unique theories have
explicit parallels to Darwinian natural selection, in
which cancer is viewed as an asexual process that
produces single mutated cells and quasispecies [9, 10].
Modern cancer genomics and biology have validated
the concept that cancer development is a complex,
adaptive, and Darwinian process.

Cancer development occurs within a tissue
ecosystem that evolves to integrate and optimize
multicellular  functions  while simultaneously
controlling renegade clonal expansion [11, 12, 13].
Tissues in the tumor microenvironment provide the
basis and context for cancer development and cancer
cell evolution. In addition, the protracted time that
typically precedes the clinical emergence of different
cancer types and the mutational complexity reflect the
random and sequential search for phenotypic
solutions to constraints in the microenvironment,
such as telomere stabilization, resource limitations,
and self-renewal ability [11, 14].

Furthermore, tumor microenvironment factors,
such as resource restriction, limit tumor size at all
stages of cancer progression [15, 16, 17]. Therefore, the
selection of tumors in the case of organisms occurs by
intense competition for resources and space. The
general application of evolutionary ecology and
biology principles will improve our understanding of
cancer development as an evolutionary process [15]
and will inform the dynamics and complexities of
cancer treatment. This study compares Burnet’s clonal
selection theory with the tumor evolution theory to
identify useful information and insights on the
complexities and dynamics of cancer development
and progression.

Methods

The objective of this paper was to explore the
evolutionary processes associated with cancer
development and progression. To achieve this
objective and to contribute to the understanding of
cancer, a systematic review of peer-reviewed journal
articles on Burnet’s clonal selection theory and the
clonal tumor evolution theory was conducted. The
articles were obtained from various electronic
databases, including PubMed. The process of
collecting evidence began with a careful search for
articles from selected electronic databases. The search
terms and phrases included “Burnet’s clonal selection
theory,” “clonal selection theory,” “clonal tumor
evolution theory,” “Darwinistic selection in cancer
development,” “Darwinistic selection and hemato-
poietic lineage,” “clonal evolution in cancer,” and
“tumor evolution theory.” The intention was to locate
reliable articles that are relevant to the study objective.
Notably, the search was limited only to English

”

articles published between 2013 and 2017 to ensure
that the conclusions of this study were based on
current research.

An initial search of the selected databases and
cross-references identified 229 articles related to
cancer development as an evolutionary process. From
this initial list of peer-reviewed articles, the researcher
excluded sources that were duplicates, those that did
not address Burnet’s clonal selection theory and the
clonal tumor evolution theory, and sources that were
beyond the scope of this study. Study selection was
also restricted to the most relevant and recent articles
related to the topic of this study. At the end of the
screening process, 50 articles remained. An additional
20 articles were selected by performing a manual
search of relevant studies from the reference lists of
the 50 included articles. All 70 articles were subjected
to a full-text review, wherein the researcher analyzed
the aims, methodologies, results, and conclusions of
each study. In addition, this study reviewed the
limitations of each study to determine how they might
affect the conclusions of this systematic review.

Results and Discussion

Clonal dynamics and mutational drivers in
cancer development

Greaves stated that cancer is a multifaceted
healthcare problem that affects every area of clinical
practice [9]. Therefore, efforts to develop and use
effective intervention measures, such as
chemotherapy, to manage the condition are
constantly underway to help patients regain their
former state of health [9]. A review of previous
studies revealed that one of the greatest challenges for
the management and therapeutic control of cancer is
the issue of dynamic genetic diversity and epigenetic
plasticity among cancer patients [18, 19]. Classical
evolution theories, such as the Darwinian theory of
evolution, have been used to explore and explain the
epigenetic plasticity and genetic diversity associated
with various types of cancer [9]. Darwin's evolution
theory proposes a fundamental principle of natural
selection for the fittest organisms and variants [20, 21,
22].

Greaves states that Darwin's evolution theory
holds that natural selection favors organisms and
variants that fortuitously develop and express traits
that thwart or complement contemporary selective
constraints or pressures [9, 23]. Cancer is viewed as a
clear illustration of the Darwinian system and
process. Moreover, mutations at the DNA sequence
level among cancer patients are associated with
error-prone repair processes and genotoxic exposure,
such as exposure to chemotherapeutic agents,

http://lwww.thno.org



Theranostics 2018, Vol. 8, Issue 12

3394

cigarette-related carcinogens, and UV light, which can
cause cancer [9, 24, 25]. Adaptive mutations in the
tumor environment reflect the process of gaining
fitness traits, allowing cancer cells to survive and
multiply [26, 27]. The Darwinistic selection process in
cancer pathogenesis supports the generation of
species and facilitates the formation of mutant subsets
in hematopoietic lineages, such as lymphocytes [27,
28, 29]. Moreover, this process contributes to the
emergence of enhanced receptors for survival and to
better control of suicide mechanisms in the case of
lymphocyte development [29, 30]. In this regard, the
development and progression of cancer correspond to
the natural selection of the fittest organisms in an
ecosystem.

Burnet’s clonal selection theory

Burnet’s clonal selection theory is a scientific
theory that explains and demonstrates the functions
of lymphocytes and their responses to antigens that
attack the body [31]. In other words, this theory
introduced and promoted by Frank Macfarlane
Burnet describes the formation process of diverse
antibodies in the initial stages of the immune response
[31]. Burnet's clonal selection theory has been
featured extensively in studies that have sought to
investigate the immunological tolerance of cancer
cells due to clonal selection. According to Andor,
Maley, and Hanlee, clonal selection refers to the
ability of an organism to tolerate and withstand the
introduction of cells without initiating an immune
response as long as the cells are introduced in the
early stages of the organism’s development [31].

Several types of lymphocytes exist in the
immune system. Some of these cells are tolerant to
self-tissues, while others are intolerant to self-tissues.
However, notably, only cells that tolerate self-tissues
survive the embryonic stage of development. In
addition, the introduction of a nonself-tissue leads to
the development of lymphocytes that include
nonself-tissues as part of their self-tissues [32, 33].
Frank Macfarlane Burnet proposed the clonal
selection theory to explain and examine the functions
of lymphocytes in the immune system and to assess
how they respond to specific antigens that invade the
body [32, 33]. Moreover, the theory provides a basis
for understanding how the immune system responds
to infections and how B and T lymphocytes are
usually selected to destroy particular antigens [32, 33].

Burnet’s clonal selection theory postulates that in
a preexisting group or population of lymphocytes, a
particular antigen can activate only its specific counter
cell, inducing that specific cell to multiply and create
clones for antibody production [34]. This activation
occurs in secondary lymphoid organs, such as the

lymph nodes and spleen [34]. In other words, Burnet's
clonal selection theory explains the mechanism that
leads to diversity in antibody specificity. Burnet's
hypothesis further states that lymphocytes can
correspond to all antigenic determinants of the
biological materials in the body with varying degrees
of precision. Greaves states that when antigens enter
tissue fluids or the blood, they attach to the surfaces of
any lymphocytes with reactive sites that correspond
to its antigenic determinant [9]. The cell is then
activated and undergoes proliferation, resulting in the
production of a wide range of descendants [9, 34]. The
clones, or descendants, have the capacity to activate
the release of lymphocytes and a soluble antibody that
can perform the same immune function as its parental
cell [9, 32, 33, 34].

A systematic review by Rose reported that the
success of adaptive immunity according to Burnet’s
clonal selection theory is based on the assumption
that the entire range of receptors in both T and B
lymphocytes is sufficient to accurately and precisely
recognize any pathogen [35]. The author also noted
that an antigen selects, binds, and activates the
appropriate lymphocytes to replicate serially and
produce lymphocyte clones with the same
antigen-specific receptors [35]. The clonal selection
theory predicts that any premature exposure to a
similar antigen will lead to lymphocyte death rather
than the expected proliferation [36, 37, 38]. For
example, if a similar antigen is encountered during
the initial stages of lymphocyte generation, when
antigen specificity is first conferred, cell death and
clonal deletion will ensue [35, 39, 40]. According to
Rose, Burnet believed that negative selection was the
mechanism that caused the elimination and death of
self-directed lymphocyte clones during development
and adaptive immune responses [35].

Notably, clonal deletion can occur during the
initial differentiation of antigen-specific T or B
lymphocytes or later in peripheral sites [35]. For
antigen-specific T cells, differentiation occurs in the
thymus, where T cells with antigen-specific receptors
encounter their respective antigens in the thymic
medulla. When the thymic medullary cells present a
specific antigen epitope, the T cells experience
apoptotic cell death [41, 42, 43]. Regarding Burnet’s
clonal selection theory, these T cells produce no
progeny. Therefore, the host will not be able to
respond and will be considered tolerant to a given
antigen [35]. Apoptosis is viewed as one of the main
obstacles that tumor cells must circumnavigate to
proliferate and survive under the stressful conditions
of the tumor microenvironment [35, 44, 45]. Notably,
cancer is viewed by researchers such as Dawson,
Rosenfeld, and Caldas and de Bruin as a condition
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that results from consecutive genetic changes
transforming normal cells into malignant cells [46, 47].
Evasion of cell death is one of the fundamental
cellular changes that contribute to malignant
transformation in the tumor microenvironment [46,
48]. Rose linked apoptosis to tumor progression, the
elimination of potentially malignant cells, and
hyperplasia [35]. Furthermore, Rose noted that
reduced apoptosis or its resistance plays a key role in
carcinogenesis  [35]. Previous studies have
investigated different molecules and genes to explore
the acquisition of resistance to apoptosis among
tumor cells in the context of tumor evolution [35, 50].
To date, these molecules include the p53 tumor
suppressor protein, proapoptotic Bcl-2 proteins, the
Fas receptor, cytotoxic lymphocytes, and cellular
FLICE-inhibitory protein (c-FLIP) [35, 50, 51, 52, 53].
In addition, evidence shows that the dynamics of
somatic evolution and the process by which tumor
cells acquire resistance to apoptosis are essential to
the understanding, control, and management of
cancer, as this process determines whether tumor cells
will survive and proliferate in the tumor environment
[49, 50].

A careful review of the existing evidence
suggests that tumor cells can acquire and develop
resistance to apoptosis in several ways [35, 50, 51].
One of the commonly discussed strategies leading to
apoptotic resistance is the loss of p53 tumor
suppressor protein function due to mutation. Liu,
Zhang, and Feng noted that the p53 tumor suppressor
protein is known to promote apoptosis by activating
proapoptotic Bcl-2 proteins. Additionally, it was
observed that p53 is a fundamental tumor suppressor
due to its antioxidant defense mechanism and
regulation of energy metabolism. Tumor-associated
mutant p53 proteins not only lose their tumor
suppressive function but also acquire oncogenic
capabilities, such as the promotion of tumor cell
survival and proliferation and the control of metabolic
changes, metastasis, and angiogenesis [52, 53, 54].
Dysregulated death receptor pathways have also been
linked to apoptosis resistance. For example, absence
of the Fas receptor protects tumor cells from immune
destruction mediated by cytotoxic lymphocytes. In
other cases, overexpression of c-FLIP in cancer
patients protects tumor cells from cytotoxic T
cell-induced apoptosis [55, 56, 57].

Tumor evolution theory

The tumor evolution theory is a scientific theory
postulating that natural selection exists and operates
in any system consisting of components with different
reproductive potentials [58, 59, 60]. The tumor
evolution theory has been featured extensively in

cancer literature and has been used to explain disease
development and progression. Schwartz and Schéffer
posit that cancer is a genetic disease characterized by
the progressive accumulation and development of
genomic aberrations that can be augmented by
germline mutations [58]. Researchers have also
argued that the accumulation of mutations in cancer
patients is guided by evolutionary mechanisms and
principles centered on the concepts of diversification
and selection of mutations that facilitate tumor cell
survival and proliferation [58, 59, 60, 61]. A critical
review of a study conducted by Schwartz and Schéffer
indicates that the evolutionary mechanism underlying
cancer development and progression has become a
fundamental guide to understanding, controlling, and
predicting disease progression, therapeutic response,
and metastasis [58].

The tumor evolution theory underscores the role
of natural selection in cancer development [59, 60, 61,
62]. Coyle, Boudreau, and Marcato argued that in the
context of cancer development, evolutionary
progression of the disease or its reemergence after
treatment involves cancer stem cells [62]. The authors
noted that a widely accepted oncogenesis framework
indicates that tumors typically originate from benign
growths characterized by minor genetic alterations
[62]. With time, genetic alterations such as the loss of
heterozygosity, changes in copy number variation,
microsatellite instability, and allelic imbalance
accumulate, leading to aggressive cancers [62]. The
continued accumulation of mutations allows tumor
cells to invade various tissues and organs through
metastasis. The fundamental biological properties of
cancer cells include loss of sensitivity to programmed
cell death and antigrowth signals, immortality, higher
mutation rates, the capacity to attack tissues and cells
through metastasis, altered metabolic properties, and
the capacity to recruit blood vessels [62, 63]. Stem cells
acquire these characteristics through evolution as they
transform into cellular assailants that cannot be
destroyed by the body’s immune system [62, 63, 64].

In the case of cancer patients, selection favors the
fittest stem cell variants that can survive and
reproduce in the tumor microenvironment [9].
Greaves states that although any cancer cell can
become a “fit” somatic cell variant, the effective units
for selection are cell populations with sufficient
genetic  diversity and those with extensive
self-renewal ability [9]. These two characteristics
allow cancer cell populations to provide phenotypic
substrates for evolutionary selection and propagate
the selected traits to other cells and tissues [65, 66, 67].

Schwartz and Schiffer noted that the
predominant mechanisms of cancer cell evolution and
selection differ significantly from those associated
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with speciation. More specifically, the researchers
observed that tumor evolution involves the selection
of mutations that promote proliferation, survival, and
other phenotypic characteristics and hallmarks of
cancer stem cells, such as changes in copy number
variation [58]. Notably, several recent studies have
suggested that certain tumors and cancer stem cells
evolve during neutral processes without undergoing
the selection aspect of evolution. A study by Sottoriva
et al.,, for example, illustrated that selective neutral
mutations occur in the tumor microenvironment
through genomic aberrations [20]. In their study, the
genomes of 349 glands from 15 colorectal tumors were
profiled to show that neutral mutations occur in
cancer sites [20]. Nevertheless, Schwartz and Schiffer
argued that selection plays a critical role in cancer
development and progression by supporting the
emergence of variants with desirable survival
features, such as the loss of sensitivity to programmed
cell suicide and antigrowth signals [20].

Vital discoveries have been made in the last
decade, revealing the mechanism by which selection
and evolution contribute to the emergence of tumor
cell variants that are insensitive to the body’s immune
system. In addition, researchers have identified genes
and molecules involved in tumor cell variation,
including latent membrane protein (LMP) 2, LMP?7,
TAP, tapasin, BRCA1, and BRCA2 [58, 68, 69, 70]. A
well-established mechanism by which selection
contributes to the emergence of variant cells involves
the downmodulation of antigen processing
machinery, which in this case includes mutations that
affect LMP 2, LMP7, TAP, and tapasin and
downregulate tumor antigen expression [58, 68].
Downregulation of tumor antigen expression leads to
enhanced metastasis and increased tumor incidence
given that cytotoxic T lymphocytes (CTLs) will not
recognize or respond to the targeted tumor cell
antigens [69, 70]. The inability of CTLs to identify
tumor antigens demonstrates that evolution and
selection lead to the emergence of tumor variants that
are resistant to the immune response, thereby
supporting cancer progression.

Comparison of the theories

Burnet’s clonal selection theory and the tumor
evolution theory have been used in previous studies
to examine the process of cancer development,
progression, management, and control. A review of
existing research shows that the two theories have
some similarities. The fundamental similarity is that
both Burnet’s clonal selection theory and the tumor
evolution theory strive to explore and explain the
developmental process of cancer by focusing on
mutations and replication. Second, the two theories

use natural selection and survival of the fittest to
show how tumors develop in cancer patients.
Therefore, these theories provide insights into
managing cancer and developing interventions for
inhibiting tumor progression.

Notably, a review of previous studies shows that
there are significant differences between Burnet’s
clonal selection theory and the tumor evolution
theory. First, Burnet’s clonal selection theory focuses
on lymphocyte functions, specifically those in
response to antigens that attack the body [32, 33]. In
contrast, the tumor evolution theory underscores the
significance of natural selection in cancer
development [58, 59, 60]. Second, Burnet’s clonal
selection theory strives to explain how the immune
system responds to infections and how it is related to
tumor development, whereas the tumor evolution
theory explains how fit somatic cell variants develop
genetic diversity and how those with robust

self-renewal ability develop in the tumor
microenvironment [32, 33, 9].
Finally, Burnet's clonal selection theory

emphasizes the role of B and T lymphocyte selection
in the destruction of specific antigens [32, 33]. In
contrast, the tumor evolution theory emphasizes the
process and mechanisms by which selection and
evolution lead to the emergence of tumor cell variants
that are resistant to the immune response. Among the
mechanisms that have been proposed to explain the
development of such variants is the downmodulation
of the antigen processing machinery, including LMP
2, LMP7, TAP, and tapasin [58, 68]. Table 1
summarizes the differences between Burnet’s clonal
selection theory and the tumor evolution theory.

Table 1. Comparison of Burnets Clonal Selection Theory with
the Tumor Evolution Theory

Burnet’s Clonal Selection Theory =~ Tumor Evolution Theory

Focuses on the functions of
lymphocytes, specifically their
response to antigens that attack the
body

Strives to explain how the immune
system responds to infections and
how it is related to tumor
development

Focuses on the significance of natural
selection in the development of
cancers

Strives to explain how fit somatic cell
variants develop genetic diversity and
how those with extensive self-renewal
ability develop in the tumor
microenvironment

Emphasizes the role of Band T
lymphocyte selection in the
destruction of particular antigens

Emphasizes the process and
mechanisms by which selection and
evolution lead to the emergence of
tumor cell variants that are resistant to
the immune response

Based on the expression and Based on somatic mutations, such as
suppression of molecules such as p53 mutations in LMP 2, LMP7, TAP,
tumor suppressor protein, tapasin, BRCA1, and BRCA2
proapoptotic Bcl-2 proteins, the Fas

receptor, cytotoxic lymphocytes, and

cellular FLICE-inhibitory protein

(c-FLIP)
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Consideration of mutations and errors

An important trait of biological systems is that
they undergo mutations, thereby resulting in
occasional errors. It is a hallmark of biological systems
that changes, or mutations, will occur that will make
occasional errors. Therefore, errors occur in biological
systems. It is important to observe the errors that
occur during tumorigenesis based on the tumor
evolution theory and during clonal lymphocyte
selection based on Burnet’s clonal selection theory.

A) Occurrence of mutations and errors based on the
tumor evolution theory

In general, the occurrence of mutations and the
resulting errors depend on one of the basic principles
of the theory of evolution applied in this field. Tumor
cells change because mutations occur, resulting in
errors and malfunctions. This change may decrease
the survival likelihood of the resulting tumor cells and
their daughter cells, eventually leading to cell death,
or this change might confer a high chance of survival.
In the latter case, tumor cells become more resistant,
stronger, and capable of dividing faster; that is, their
likelihood of survival increases. Changes to the
structure of immunological receptors also enhance the
survival of tumor cells. It is important to note that the
immune system may not be able to eliminate the
tumor cells once they begin to mutate; therefore, their
likelihood of survival increases. In other words,
mutation is the key mechanism for tumor cell
survival.

B) Occurrence of mutations and errors based on
Burnet’s clonal selection theory

Errors are also likely to occur during the
development and maturation of lymphocytes. The
occurrence of such errors may cause mutations that
may, in turn, change the structure of immune
receptors. In most cases, a change in immune receptor
structure results in the production of poorly
functioning lymphocytes. In other words, the
generation of a Dbetter-functioning lymphocyte
appears to be unlikely via this random unplanned
pathway. However, in some cases, improved
lymphocyte binding may occur, and through proper
selection, the numbers of these lymphocytes can be
increased.

Synthesis of both components A (errors in tumor
evolution) and B (errors in Burnet’s theory)

Given that tumor cells are continuously
mutating and changing, it may be pertinent to prevent
the survival of a single lymphocyte with the best
binding ability. In addition, the presence of several
slightly mutated neighboring lymphocytes might also

be relevant. In tumor cells that randomly undergo
mutation, it may be useful to have a certain repertoire
of similar receptor sequences available. When a
mutation causes a sudden change in target structure,
one of the neighboring lymphocytes that has a slightly
different receptor sequence might be able to bind the
mutated sequence and thus bring the tumor cell under
control again; moreover, in the ideal case, that
lymphocyte may even be able to destroy the tumor
cell.

Thus, both systems—the potentially disease-
causing oncogenic system and the tumor-controlling
and -attacking immune system—are subject to the
same molecular principles of evolutionary mutation
and selection, and it is advantageous to allow
lymphocytes with a nonoptimal binding structure to
survive. It is not only reasonable to enable one of the
lymphocytes with an optimal binding structure to
propagate clones but also to advance the optimization
of a single receptor that functions best at the
molecular level. Moreover, it might be reasonable to
consider potential changes in the target structure right
from the outset, allowing a certain variance in
receptor structure. We observed that allowing for
errors and inaccuracies during lymphocyte selection
might be useful. In fact, it might be beneficial to retain
these errors from the outset. However, as stated
above, although retaining lymphocytes with
inaccurate  binding  might be  considered
advantageous, it is also potentially dangerous. By
allowing inaccuracies in lymphocyte binding to occur,
the possibility of cross-reactivity with endogenous
structures is more likely. Thus, there is a tradeoff
between the advantage of allowing inaccuracies to
persist and the serious disadvantages that the
inaccuracies may confer. For example, body structures
may be attacked by the immune system or
autoimmune diseases may develop.

Take-home messages

The development and modification of tumor
cells and the maturation of lymphocytes are based on
the same biological principles of mutation and
selection. Within the framework of these biological
principles, mild and heavy genetic mutations must be
considered and are crucial for tumor development
and control by lymphocytes. In some respects, the
processes of tumor development and immune system
development are distinct. Tumor cell evolution most
often leads to tumor growth and metastasis, whereas
evolution in the immune system attempts to attenuate
tumor development.

Thus, we concluded that a certain degree of
tolerance with regard to the accuracy of biological
binding motifs and the target accuracy of immune
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cells (so-called biological variance) may be
advantageous, as binding ability could be retained
when a tumor cell begins to mutate. However, this
biological variance in binding motifs is simultan-
eously potentially dangerous and can lead to the
development of autoimmune diseases due to (A) an
excessive level of immune cells or (B) unfortunate
biological variance in binding motifs.

Conclusions

According to the above description and the
literature, Burnet’s clonal selection theory and the
tumor evolution theory provide solid theoretical
frameworks for understanding the dynamics of
cancer development, progression, management, and
control. These two theoretical frameworks use the
concepts of natural selection, survival of the fittest,
replication, and mutation to show how tumor cells
acquire resistance to T and B lymphocytes. The
selection process leads to the emergence of tumor cell
variants that are insensitive to the immune response.

Consequently, future cancer immunotherapy
studies should explore the distinct modes and
pathways through which tumor cells evolve and
develop resistance to lymphocyte action. Burnet's
clonal selection theory and the tumor evolution
theory provide a theoretical basis that researchers can
use to discover and study antigen-receptor gene
rearrangements, tolerance, and affinity maturation.
By investigating possible sources of error, we
conclude that it might be advantageous for the human
body to allow a certain amount of biological variance
in lymphocyte-binding receptors. However, it is
important to note that the presence of this variance is
also dangerous within the framework of autoimmune
disease development.
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