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Introduction
The human body is made up of cells that combine all the features of life controlled by a
complex system, and important biological processes take place between various factors in the
external environment. A cell is a functional unit that provides the transmission of genetic
information, metabolism, energy exchange, and the integrity of life. Single-celled individuals found
in nature have the property of living autonomously and consist of a single cell with a very simple
structure. Cancer cells may also resemble amoebae in some physiological aspects, such as
simplicity of differentiation, lack of definitive form, dynamic activity of cytoplasm, high demand
for trophic and plastic primary substrates. The presence of these specific features is also reflected in
the appearance of the cell (Fig. 1). Why do cancer cells live independently of the system that
controls the vital activity of the human body, multiply non-stop rapidly, and are more viable than
healthy cells? According to historical sources, around 400 BC, the ancient Greek scientist
Hippocrates identified a disease that resembled a crab that develops from a disruption of the
circulatory system of black bile in the human body and moves in different directions). Abu Ali ibn
Sina (980-1037) stated the following about the development of cancer: “Not all causes affect the
body, and no cause can cause disease without the body's sensitivity”28. In 1931, the German
physiologist Otto Heinrich Warburg supported the hypothesis that the energy expended in the
growth of cancer cells was formed mainly as a result of anaerobic breakdown of glucose (glucose
fermentation). This differs from healthy cells in that pyruvic acid is formed as a result of glucose
oxidation in mitochondria. This means that cancer is an evolutionary ancient disease, and along
with the civilization of life, this disease is also on the rise. At a time when almost a quarter of the
21st century is passing and innovative technologies are being widely used in medicine, what has
been achieved by humanity in this regard. Nowadays, finding a gene in cancer, finding a target for
that gene is a bright sign that a new era has arrived in modern oncology 1. Many scientific literatures
contain various research findings or hypotheses about the causes of cancer and the mechanisms that
affect them, but many questions on this topic still remain unclear. Genetic instability, which is the
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main cause of cancer heterogeneity, persistent disruption of the sequence of DNA nucleotides
sequences, and chromosome rearrangement pose significant obstacles to the development of more
effective treatments.

a

b

Figure 1. Cytoplasmic growths in amoeba (a) and cancer (b) cells
Genetics and epigenetics
In 2003, the Human Genome Research Project completed many years of research by scientists
from around the world to decipher the structure of the human genome, which is made up of
deoxyribonucleic acid (DNA) molecules, and identified between 20,000 and 25,000 genes64. The
human genome is made up of about three billion DNA base pairs that make up all the
chromosomes. Base pairs (bp) are the hydrogen compounds of adenine-thymine and guaninecytosine in the DNA helix 71. Genome units of measurement: one million nucleotide base pairs (bp)
equal to 1 Mb (mega base), 978 Mb equal to 1 pictogram (pictogram = 1 * 10 -12 grams). Relevant
genes are responsible for cell growth, differentiation, proliferation, viability, programmed death
(apoptosis), response to external factors, and other important life activities, and information is
transmitted through ribonucleic acid (RNA) and proteins21. Suppression, repression, and regulation
of encoded genes are controlled using the epigenome (epigenetics). Epigenetics is a relatively new
field that has not yet been as widely studied as genetics, which is understood as a branch of genetics
that studies the hereditary changes in gene activity during organism development or cell division. It
is estimated that 5% of human cancers are caused by viruses, 5% by radiation, and the remaining
90% by chemicals15 . About 30% of them are due to the use of tobacco products, the rest are related
to nutrition, lifestyle and environment. All chemical carcinogens or their derivatives are highly
reactive electrophiles (donor-acceptor mechanism) with electron (e−) deficient atoms that can
easily react with electron-rich nucleophiles in the cell. DNA, in particular, consists of many
nucleophilic centers (NH2 -groups) in which DNA-damaging substances can form appendages
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(DNA-adducts) through one or more covalent bonds. With the advent of new technologies in
molecular analysis, gene expression profiling, gene network, microRNA, gene discovery and
pathway analysis, integrated transcriptome collection, and two genetic carcinogenesis using ChIPSeq (chromatin immunoprecipitation sequencing, cystrom) has been shown to be more complex
than clone evolution5,52. The modern multi-stage model of carcinogenesis involves at least 80
mutations or changes in the cancer gene, about a dozen of which are “drivers” of cancer
development processes. The process of carcinogenesis can occur due to changes in four categories
of genes, namely, activation of oncogenes, inactivation of suppressor genes, annulation of apoptosis
and DNA repair genes36,81.
The development of multi-stage carcinogenesis at each stage of cell proliferation (initiation,
stimulation, progression) is inextricably linked with the mechanism of positive or negative
interaction of oncogenes, suppressor genes, growth factors and their associated receptors71. The
prevalent model of the cell cycle consists of a series of transitions, and at some control points the
restriction criteria under the influence of control factors must be followed before the cell moves to
the next stage57. The cell cycle consists of S (DNA synthesis) and M (mitosis) phases, separated by
two disruption phases (G1 and G2)51 . It is tightly controlled by a group of heterodimeric protein
kinases, including cyclin and cyclin-dependent kinases (Cdk), which regulate the progression of the
cell cycle and contain catalytic subunits40. There are many combinations of cyclin-dependent kinase
complexes and are characterized by the expression and activity of patterns at each stage of the cell
cycle27. According to scientific data, more than fifteen classes of cyclins are described (including A,
B, C, D, E, F, H, K, L, T, and Y), whose function is to control and repair DNA synthesis from cell
cycle control, transcription, proteolysis, up to RNA splicing and cell differentiation32. Specific
cycles predominate in the movement of each cell cycle, for example, cyclin D in phase G1, cyclins
E and A in phase S, and cyclins A and B in phase G2 / M. The peak of synthesis and activity of
cyclins D and E regulates the transition from phase G1 to phase S. Сyclins A and B manifest
themselves at the maximum level of exposure at the end of the cycle and are considered regulators
of the transition from G2 to mitosis. When cyclins rise to maximum activity according to the phase
of the cell cycle, they lead to phosphorylation of various specific-target molecules (cyclindependent kinases). These events occur in a strictly regulated time sequence supported by consistent
restriction points. The presence of control components at these restriction points allows DNA repair
by slowing down the process before moving on to the next cycle. Replication of a damaged genetic
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pattern will undoubtedly lead to irreversible chromosome aberrations and high-level
mutations22,27,57 . The two main restriction points are particularly important after DNA damage and
are established in phases G1 (before DNA replication) and G2 (before chromosome segregation)
(Figure 2). Loss of the G1 restriction point causes genome instability during the interaction of
unrecoverable DNA with the DNA replication mechanism, leading to deletion-type mutations and
abberant gene amplification47. Inactivation of the G1 restriction point serves as an initial stage,
prone to unregulated cell growth (initiation), increasing the likelihood of subsequent genetic
changes and creating a fully developed neoplastic phenotype. Control at the G1 restriction point
depends on the D1 cyclin (transition phase from G1 to S) and the E cyclin (mid-phase S).
Hyperexression of D1 or E cyclin and subsequent activation of D1 cyclin and E cyclin/ Cdk
complexes lead to phase C transition and shortening of G1 time 47,51,57,73. Cyclin D1 hyperexression
is observed in many dangerous human cancers, including breast and lung small cell carcinomas,
sarcomas, melanoma, V-cell lymphomas, and head-neck squamous cell carcinomas. The cyclin D1 /
Cdk4 complex is involved in the phosphorylation of pRB, a gene product responsible for
retinoblastoma60 . The pRB protein acts as a negative regulator of the expression of certain genes by
forming a complex with DNA-binding proteins belonging to the E2F family16. In the G0 phase of
the cell (where division has stopped), low-phosphorylated pRB binds to proteins belonging to the
E2F group, leading to E2F-mediated transcriptional repression. High phosphorylation of pRB
protein under the influence of cyclin / Cdk complexes leads to dissociation of E2F protein and
transcription of genes that in turn help to enter the S phase57. Thus, insufficient phosphorylation of
pRB keeps cells in G1 (or G0), while phosphorylation inactivates pRB and allows it to exit G1.
pRB inactivation is most commonly seen in retinoblastoma, osteosarcoma, carcinoid tumors, and
non-small cell lung cancer 54.
In addition to cyclin and cyclin / Cdk complexes, the p53 gene suppressor is also essential to
maintain the G1 phase after DNA damage. A mutation in the p53 locus is the most common genetic
change associated with cancer. The p53 protein can be divided into three main components: the
transactivation amino-terminal domain, the site-specific hyperreactive central part of the DNA
sequence, and the multifunctional carboxy-terminal domains (tetramerization). Many p53 mutations
involve highly conservative segments of the DNA-specific central part. Inactivation of p53 allows
the synthesis of damaged DNA and increases the frequency of some types of mutations 47,48,71. This
high frequency has been observed as a result of various mechanisms of DNA damage, such as
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ionizing radiation (helix rupture), alkylation with methyl methanesulfonate, ultraviolet radiation
(photodimers), and various environmental carcinogens. One of the key roles of p53 is to ensure that
cell growth stops in G1 in response to genotoxic damage and recovers before DNA replication. The
natural type p53 (wild type) is usually kept stable at very low concentrations due to the shortness of
the half-life (half-decomposition) 48. However, it stabilizes and accumulates in cells that have
undergone DNA damage or respond to certain forms of stress. After DNA damage, p53 binds to
specific consensus components, activating the transcription of several genes of the lower order. One
of these genes encodes the p21 protein 20. The p21 gene belongs to the family of negative regulators
of the cell cycle, which act as molecules that inhibit cycle-related kinases. The genes encoding these
proteins are called CKI (Cdk inhibitor, CKI, CDI, CDKI) genes. These negative regulators form
stable complexes with cyclin / Cdk units and inactivate them. The p21 cycle inactivates the E-Cdk2,
cyclin A-Cdk2, and cyclin D1-, D2-, and D3-Cdk4 complexes, thereby inhibiting the
phosphorylation of pRB and preventing the cell cycle from exiting G1 53 . The p53 protein also
activates the VAX (Bcl-2 - Associated X protein) gene, which is involved in regulating apoptosis.
Apoptosis is the mechanism by which cells stop the life cycle, leading to “programmed death”.
Apoptotic cells contract in response to DNA damage and chromosome condensation. These changes
prevent the replication of genetically damaged cells to an irreversible extent. During the mitotic
phase, chromatin must be evenly distributed to the daughter cells, but DNA replication must be
completed before segregation occurs and all damaged parts of the DNA must be restored. If mitosis
occurs when DNA is damaged or during replication, it can lead to genome fragmentation and loss
of genetic material46. Genome stability is controlled by a large network of proteins called DNA
damage response (DDR), which detects DNA damage and facilitates repair. Activation of DDR
proteins leads to activation of transducer kinases CHK1 and CHK2 and other effector proteins.
DDR can respond to DNA damage by disrupting phases G1, S, or G2 57,73.
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Figure 2. Control of the cell cycle (

- restriction points).

The p53 protein controls its work by activating the MDM2 gene. The product encoded by MDM2 is
a “zinc finger” protein (mdm2) that contains the p53 site-specific binding component. The mdm2
protein binds to p53 and acts as a negative regulator, inhibiting the transcriptional activity of the
natural type p53 and forming a feedback autoregulation ring. The presence of a carboxyl-terminal
domain of mdm2, which binds site-specific to the pRB and limits its function, has been identified.
Similar to the hyperexression of mdm2, some virus oncoprotein products inactivate both p53 and
pRB and exhibit a potential relationship between p53 and pRB in cell cycle management, apoptosis,
and tumor development48 . The cell cycle and its regulatory proteins change in favor of many viral
agents. Activation of the human body cell replication mechanism is required for viral genome
replication. It has been shown to alter the regulatory function of p53 and pRB in response to the
action of several viral proteins. The SV40 virus inactivates it by binding to the major T antigen, the
adenovirus EIB protein, and the human papilloma virus E6 protein p53. Similarly, SV40 major T
antigen, adenovirus EIA protein, and human papilloma virus E7 protein form a complex with
insufficiently phosphorylated pRB, leading to inactivation of pRB and cell immortalization. Highly
altered tumor virus strains encode proteins that bind and inactivate p53 and pRB. When growth
control is impaired as a result of inhibition of pRB in normal cells, apoptotic death occurs by the
normal p53 side. Loss of regulatory activity of p53 and pRB, stable activation of E2F stimulates
uncontrolled cell proliferation, leading to neoplastic cell growth. The nature and high frequency of
p53 and pRB mutations in primary tumors make them prototypes of tumor suppressor genes. In
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addition, the detection of mutations in the p53 and pRB genes and changes in the expression of their
coded products have clinical prognostic significance in the identification of specific types of
cancer76. Mutant gene p53 and Ki 67 hyperexression in osteosarcoma cells was found to alter
treatment efficacy in 37.4% of patients56 .
Thus, cell growth and its management are complex biological processes that occur through
site-specific binding of factors belonging to relevant groups to each other. These factors, which
have a well-defined trajectory of impact, are coded products of the cell genome. In this sense, the
initiating factors of molecular mechanisms activated in a cancer cell are structural changes in the
DNA matrix or functional defects in the epigenome.
Signal transduction cascades
The composition, structure, properties, and events of cells are related to the molecules and the
chemical reactions that take place between them. Due to the coordination of these biochemical
processes that take place, the integrity of the organism is maintained. The same integration system
is based on intercellular and intracellular signal transduction. Signal transduction is any process that
transmits one type of signal or stimulus in a cell to another. Intracellular signal transduction is a
chain of reactions carried out sequentially by enzymes, the primary effector proteins being activated
after receptor stimulation, and some by secondary messengers. The duration of such processes
usually occurs at high speeds: milliseconds for ion channels, minutes for protein kinases

44

. As the

number and activity of protein molecules and other substances involved in signal transduction
gradually increase, the primary effector increases as it moves away from the signal. In the same
way, a relatively weak effect on cell receptors can also trigger a significant response. There are
several types of intracellular signaling cascades (PI-3-Kinase/Act, JAK-STAT, NF-kB, heterotrimer
G-proteins, Ras-MAPK/ERK, Wnt, Hedgehog, Fas, TREM2) as a result of the stimulus factor
activates, then transmits the cascade signals to the genetic apparatus in the nucleus. Another
mechanism that causes the acceleration of the process of carcinogenesis is the hyperactivation of
these signal-transmitting cascades3. Nuclear signals from activated cascades cause abnormal
changes in the genome or epigenome, which in turn negatively affects cell reproduction and leads to
the development of cancer cells. The reception of primary signals by the cell is ensured by ultra correct binding of special proteins - receptors with ligands. Cell receptors are divided into the
following types: membrane (tyrosine kinase, G-protein, ion channels), cytoplasm and nuclear
receptors9,52. Once the ligand binds to the membrane receptor, it transmits the information to the
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protein components of the membrane, which provide signal generation across the cascade 2.
Membrane proteins of the signal transduction cascade are divided into: receptor-bound
transduction-protein, transduction-protein-associated catalytic domain-containing proteins that
activate secondary effectors that transmit information into the cell 4,8.
Scientists from the Department of Molecular and Cellular Biology at Baylor College of
Medicine in Houston, United States, studied the effects of transcriptome and ChIP-Seq data on
transcriptional regulation of cell signaling pathways. The vast body of accurate data and hypotheses
obtained led to the generation of the Signaling Pathways Project (SPP). According to him, cell
signaling pathways consist of points that are classified into three major categories (receptors,
enzymes, transcription factors) and small biologically active molecules (bioactive small molecules,
BSMs) that modulate their activity. Based on the SPP knowledge base, a range of signal path
modules and bionam samples was developed, cell receptors were classified according to the
International Pharmacological Union (IUPHAR), enzymes International Union of Biochemistry and
Molecular Biology (IUBMB) and transcription factors TFClass 52. In addition, the classification of
biological tissues and cell lines according to the physiological system of their organs and origin
helps to understand the laws of tissue-specific transcriptional regulation52 . In ChIP-Seq experiments
and integrated transcriptomes (expression sequence and RNA-Seq), the interaction of signal path
nodes in transcription regulation can be determined by sequential placement (signature consensus)
of parameters based on target genome promoter employment and differential expression. Metabolic
signals with a biological terminal point connect receptors, enzymes, and transcription factors
through a series of interrelated interactions. These three categories of the signal pathway act as
convergence and integration points, ensuring divergence and distribution on the one hand, and an
appropriate response of any cell to afferent metabolic signals on the other. The intracellular
signaling cascade activated under the influence of extracellular mitogenic factors has a motivational
vector consisting of sequential activation of kinase proteins.
Ras/Raf/MEK/ERK signal cascade
Mitogen-activated protein kinase (MAPK) cascades are one of the main signaling pathways
that control a wide range of biological processes, including cell proliferation, differentiation,
apoptosis, and stress reactions12,19,23,24. Extracellular signal-regulated kinase 1/2 (extracellular
signal-regulated kinase, ERK) belongs to the MAPK family and is the main effector in cascade
signals25. These cascades transmit signals by sequential activation of three to five protein kinase
14
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layers known as MAPK kinase kinase kinase (MAP4K), MAPK kinase kinase (MAP3K), MAPK
kinase (MAPKK), MAPK, and MAPK-activated protein kinases (MAPKAPK)37. The first three
central layers are considered as the main block, while the last two layers appear in some cascades,
which may vary according to cells and stimuli. Based on the components in the MAPK layer, four
MARK cascades are distinguished: ERK 1/2, c-Jun N-terminal kinase (JNK), p38 MAPK and
ERK5. The ERK cascade contains several kinases in the MAP3K layer (mainly Rafs), including the
Ras / Raf / MEK1 / 2 MAPKK layer, the ERK 1/2 MAPK layer, and several MAPKAPKs in the
next layer (ribosomal s6 kinases, interacting with MAP kinases), affecting serine / threonine-protein
kinases, mitogen and stress-activated protein kinases, and cytosol phospholipase A2) 39 . ERK
cascades are highly regulated cascades that involve cell proliferation and differentiation. These
regulatory factors affect bispecific phosphatases, carcass proteins (cascade-forming), signal
duration and intensity, and dynamic subcellular localization of cascade components 17 . Excessive
activation of proteins and kinases located in the upper layer of the ERK pathway has been shown to
cause cancer, inflammation, neurological and other diseases

18,29,66,80

. Dysfunction in the Ras- ERK

pathway is a trigger factor in the development of many cancers, with mutations in the activating
driver genes of this pathway being the most common oncogenic factor in all cancers33. In cancer,
the different components in the cascade are highly variable. According to Maik -Rachline G,
Hacohen-Lev-Ran A, Seger R. driver mutations in Ras (mainly K-ras) are the most common
mutations in cancer, occurring in ~ 30% of cancers and ~ 10% of cancer patients 44 . Raf mutations
(particularly B-Raf) have been identified in ~ 8% of cancers

63,64

. ERK is a type of serine /

threonine protein kinase, a protein that transmits mitogenic signals. ERK is usually located in the
cytoplasm, enters the nucleus after activation, and regulates the activity of transcription factors and
gene expression. Analysis of artificial cloning and sequencing showed that the ERK family consists
of: ERK 1, 2, 3, 4,5 and 6 55. Although ERK 1 and ERK 2 are two important members of the MAPK
/ ERK pathway, ERK 5 is also highly active in transcription management. The S-terminal of ERK 5
includes the nuclear localization signal (NLS), two proline-rich sites, and the transcription
activation domain (TAD). This structural difference allows the active ERK5 to spontaneously
phosphorylate its C-terminal TAD, a unique feature of ERK5 that directly controls gene
transcription. In the non-phosphorylated state, ERK 5 is in an inactive conformation and its N- and
C-terminal domains are bound to each other in the cytoplasm. Activation of MEK5 induces an open
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conformation of ERK5, opens NLS, softens self-inhibition, and induces nuclear translocation of
ERK558,59,75.
Many stimulants, such as growth factors, cytokines, viruses, G-protein-bound receptor
ligands, and oncogenes, activate the ERK pathway17. The main molecules in the ERK/MAPK
signaling pathway mainly include Ras small G proteins and the lower layer Raf kinase, MEK1 / 2
and ERK1 / 2. Ras is the most conservative product of the ras gene family encoded by Ha-ras, Hiras, and N-ras oncogenes. Raf kinase is a derivative of raf oncogenes. MEK1 and MEK2 are rare
bispecific kinases that activate ERK by phosphorylation of two regulatory sites Tyr 204/187
(tyrosine) and Thr 202/185 (threonine)10 . Ras is a small G protein located at the apex of the RafMEK-ERK pathway that is a product of ras oncogenes (retrovirus-associated DNA sequences). It
has a conformation associated with active GTP (guanosine triphosphate) and a conformation
associated with inactive GDP (guanosine diphosphate) 49. The protein acts as a molecular binder by
switching between two conformations to regulate signal transduction. Ras is activated by many
stimulatory factors, such as epidermal growth factor (EGF), tumor necrosis factor, protein kinase
activators C (PKC), and members of the Src family. After the extracellular signal binds to the
receptor, the protein 2 (Grb2) bound to the growth factor receptor binds to the activated receptor
and interacts with the proline-rich tandem site at the S-terminal of SOS (Son of sevenless) to form
the receptor-Grb2-SOS complex4,17. Binding of the SOS to the phosphorylated Tyr site in the
receptor or receptor substrate protein results in translocation of the cytoplasmic SOS to the
membrane, resulting in a high SOS concentration around the Ras. SOS and Ras-GDP stimulate the
replacement of GDP in Ras with GTP and thus activate Ras to start the Ras pathway42,43. Raf
(rapidly accelerated fibrosarcoma) protein kinase is a protein composed of 648 amino acids encoded
by the raf gene located on human 3rd chromosome and has a molecular weight of 40–75 kDa ge.
Serine/threonine exhibits protein kinase activity after binding to Raf Ras. Its molecular structure
includes three conservative regions: Conserved region (CR) 1 (located in amino acids 61-194), CR2
(located in amino acids 254-299) and CR3 (located in amino acids 335-627). The CR1 cysteine-rich
zinc located in the amino-terminal has a zinc-like structure and a structure similar to the ligand
binding site of PKC. CR1 is the main site of activated Ras binding to Raf-1 protein kinase. CR2 is
present near the amino terminal and contains many serine and threonine residues 62. CR3, located at
the carboxyl terminal, is the catalytic functional domain of Raf-1 protein kinase. The family of Raf
kinases is divided into three subtypes: Raf-1, A-Raf, and B-Raf. Raf kinases can be activated in the
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following ways: 1) Raf interacts with Ras on the inside of the cell membrane; 2) Dimerization of
Raf protein; 3) phosphorylation and dephosphorylation of various sites; 4) Separation by Raf kinase
inhibitor; 5) Binding to Ras kinase inhibitors58,59 . Raf-1 Ras/Raf/MEK/ERK plays an important role
in cell proliferation signal pathway. In the pathway of Ras/Raf/MEK/ERK signal transduction and
activation from the Raf cytoplasm to the inside of the cell membrane, Ras is used as an active
protein in the upper layer and from two sites, namely the Ras-binding domain and cysteine-rich
domain at the N-terminal of Raf-1. Activated Raf-1 continues to activate MEK and MAPK in the
lower layer and eventually regulates gene expression by controlling the activity of transcriptional
regulatory factors by delivering cell proliferation and differentiation signals to the nucleus 30,72 .
Among the subtypes of Raf kinases, A-Raf shows the weakest kinase activity, while B-Raf shows
the strongest activity. Among the three subtypes, the highest 90% of B-Raf mutations are seen in
melanoma13,14,68. After Raf activation, the S-terminal interacts with the catalytic domain MEK
(MAPK/ERK kinase, MARK-extracellular regulated kinase) and the catalytic VIII subsystem is
phosphorylated in the cool residue and activates MEK. Two subtypes of MEK, MEK1 and MEK2,
have molecular weights of 44 and 45 kDa, respectively 46,70 . MEK is a unique and bilaterally
specific kinase that activates ERK by phosphorylation of Tyr and Thr regulator sites75 . The specific
phosphorylation activity of MEK Tyr and Thr is of significant physiological importance because
ERK occupies a central position in the signaling pathway and any errors in activation can have a
profound effect on cellular processes. This two-way recognition and activation mechanism
transmits the signal very accurately and prevents errors in ERK activation 31,65. MEK not only
activates ERK, but also establishes ERK in the cytoplasm. When the signal is inactive, ERK is
localized in the cytoplasm. After the signal stimulates the phosphorylation and dimerization of
ERK, the activated ERKs are transferred to the nucleus, promoting the phosphorylation of
cytoplasmic target proteins or regulating the activity of other protein kinases. Various stimuli such
as cytokines, viruses, G-protein-bound receptor ligands, and oncogenes play a regulatory role by
activating the ERK/MAPK signaling pathway77,82. The ERK/MAPK signal pathway can be
activated in the following ways: 1) Ca 2+ channel activation; 2) Activation of Ras tyrosine kinase
receptors; 3) PKC-mediated activation; 4) Activation of receptors bound to G proteins39,41 . ERK1/2
is located in the cytoplasm in unstimulated cells. Once activated, ERK1/2 passes into the nucleus
and regulates the activity of various transcription factors through phosphorylation, thereby
regulating cell metabolism and biological functions. Microtubule-associated protein (MAP) 1 is
17
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involved in regulating cell morphology and cytoskeletal redistribution through the phosphorylation
of cytoskeletal components such as MAP2 and MAP4. Nuclear transcription factors such as
protooncogen c-Fos, protooncogen c-Jun, ETS domain-protective protein Elk-1, protooncogen cMyc, and cyclic AMP-dependent transcription factor ATF2 are phosphorylated in the nucleus35,38
(Figure 3). Cytoplasmic ERK1/2 can phosphorylate a number of other protein kinases in the upper
part of the ERK pathway, such as SOS, Raf-1, and MEK, by negative feedback. Activation of
ERK/MAPK signal pathways can activate other cellular signaling pathways. Vascular endothelial
growth factor (VEGF), platelet-derived growth factor, and epidermal growth factor (EGF) activate
the ERK/MAPK pathway by acting on tyrosine kinase receptors. When activated ERK enters the
nucleus and binds to transcription factors that cause gene expression in response to extracellular
stimuli, it can regulate cell proliferation, differentiation, apoptosis, and transcription 67,74. According
to Rubinfeld Hadara, Seger Rony, the ERK/MAPK signaling pathway is not only involved in the
management of biological functions such as cell proliferation, cell differentiation, cell cycle
regulation, cell apoptosis, and tissue formation, but is also associated with tumor development.
High ERK expression is detected in ovarian, colon, breast, and lung cancers 61,69.
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Figure 3. Ras/Raf/MEK/ ERK signal pathway. GF-growth factors; RTK-tyrosine kinase
receptors; GRB2 is a protein binding to growth factor receptors 2; SOS - Son of sevenless
Continuous activation of the ERK/MAPK signal pathway may promote the transformation of
normal cells into tumor cells, inhibition of the ERK/MAPK signal pathway may inhibit the growth
of transformed cells78,79. Therefore, activation of the ERK/MAPK signaling pathway may be closely
associated with tumor emergence and development 45 . Unrestricted cell proliferation, differentiation,
and lack of apoptosis are important biological features of tumors. Activation of the ERK/MAPK
signal pathway promotes proliferation and has an anti-apoptotic effect. Matrix metalloproteinases
(MMPs) are proteolytic enzymes that hydrolyze the extracellular matrix, one of the most important
processes in cancer cell invasion and metastasis26. Excessive expression of MMPs is beneficial for
invasive tumor formation and metastasis, while inhibition of MMR expression has the opposite
effect. Activation of the ERK/MAPK signal pathway may enhance tumor invasion and metastasis
by regulating MMP expression, whereas inhibition of this signal pathway may reduce tumor
invasion and metastasis7,26 . Cell deformation and migration that occur during tumor metastasis are
associated with microfilament-bound protein expression in the cytoskeleton. Studies have shown
that hepatocyte growth factor (HGF) enhances migration by activating the ERK/MAPK signaling
pathway, thereby promoting invasion and metastasis11,67. Blockade of the ERK/MAPK signaling
pathway stops tumor invasion and metastasis by inhibiting HGF and other extracellular signals that
promote cell movement 67. In the absence of tumor blood vessels, its tissue rarely exceeds 2 mm3 34.
VEGF is an important proangiogenic factor and the most potent provascular endothelial growth
cytokine that enhances cancer cell division and vascular construction, increases microvascular
permeability, and activates endothelial cell migration67. ERK/ MAPK signaling pathways may
enhance VEGF transcription, increase VEGF expression in tumor cells, and activate vascular
formation. Interleukin (IL) -8 and VEGF together are manifested in various tumors and may
promote tumor angiogenesis, growth, and metastasis. ERK1/2 can be used as an alternative pathway
causing IL-8 and VEGF expression. Inhibition of the ERK/MAPK signal pathway may be the basis
for inhibition of tumor angiogenesis. In addition, hypoxia-inducing VEGF can inhibit apoptosis by
activating the ERK/MAPK signaling pathway. The target layer in the lower layer of ERK/MAPK is
ribosomal S6 kinase 1 (p70S6K1), an important regulator of cell cycle development and
proliferation. Studies show that a vector-based microRNA against p70S6K1 inhibits p70S6K1
activity in ovarian cancer cells and reduces VEGF protein expression 6.
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Conclusion
Through an in-depth analysis of the molecular mechanism of carcinogenesis, it is possible to
obtain information about the many biological processes in it that determine the phenotype of cancer
cells. Despite the rapid development of medicine today, these cardinal processes only allow to citu
fix the changes around them, which makes it difficult to treat the disease. In order to penetrate the
central block of biological processes occurring in cancer cells, it is necessary to identify and indepth analysis of the pathways leading to it. For example, stable mutations in the genome or defects
in the epigenome lead to abnormal cell proliferation, underlying DNA chain damage or dysfunction
in the control system, the causes of which are various types of carcinogenic factors, both known and
unknown. However, we do not have a fully integrated knowledge of the exact direction of these
causal vectors and the complex chemical reactions that take place between them in an
interconnected and consistent, time sequence. However, by breaking this chain of reactions, new
opportunities can be created in the prevention and treatment of this disease. It is known from
chemistry that the rate of chemical reactions depends on the concentration and nature of the
substances involved in the reaction, the catalysts (enzymes). The high concentration of substrates
required for chemical reactions makes cancer cells more reliable than normal cells due to their high
rate plaintiff, active migration, and enzymatic potency. Under the influence of these highly
concentrated substances and hyperactive catalytic enzymes lead to the formation of biomolecules of
various natures, activating the chain processes between them. The amount of proteins in each
segment and the degree of activity of their catalytic domains are also of great importance in signal
transmission along the cell cascade pathways. The Ras/Raf/MEK/ERK signaling pathway is also a
complex network of sequentially activated proteins that play a major role in the onset and
development of cancer. Due to the sequential activation of protein kinases in the
Ras/Raf/MEK/ERK cascade pathway, the signals are transduced from the plasma membrane along
the genome direction and become a potent effector that affects cell activity. Phosphorylation using
protein kinases is one of the main biological processes that control the posttranslational
modification of proteins, determining the way of life of cells. Proteins and molecular factors from
other groups are also actively involved in the posttranslational control of proteins synthesized
through gene expression, and play a role in the complete expression of their function. Due to
mutations in the driver genes at the corresponding loci of the chromosome, these processes become
overactive and disrupted in cancer cells, resulting in the response to extracellular signals being so
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intense. While the period from mutation of these genes to the initial clinical stage of cancer is
considered an indolent period of carcinogenesis, it leads to reliable protection of cancer cells against
the background of deescalation of the human immune system at the expense of enormous rate of
division. In the treatment of cancer, it is only through the disintegration or decontamination of
elements of this pathogenetic framework that it is possible to maintain healthy cells and to abandon
aggressive treatments. Innovative technologies can provide new ways to treat cancer by creating a
realistic picture of integrated biological data and ensuring its effective implementation when
needed.
Based on clinical observations during the pandemic period, coronavirus infection can occur
in different severity in everyone, depending on the state of the body’s immunity and susceptibility,
the presence of other causative factors, the level of comorbidity index. In this sense, the origin of
cancer is also related to the influence of biological or non-biological agents that integrate with the
human genome, or can change the biological cycle of the cell to its side. However, in the local
development of cancer, the most favorable, weakly protected or high carcinogenic load is selected.
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