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Abstract

The tumor microenvironment (TME) plays a critical role in cancer progression
and treatment response. Recent studies have revealed that biochemical
alterations within the TME can significantly influence tumor behavior and
therapeutic outcomes.

Alterations in the TME, such as changes in pH, hypoxia, and nutrient
availability, have been shown to promote cancer cell survival and growth.
Acidic pH conditions within the TME enhance tumor invasiveness and
metastasis while conferring resistance to conventional therapies. Hypoxia,
caused by insufficient oxygen supply, not only promotes genetic instability
and immune evasion but also induces resistance to radiation and certain
chemotherapeutic agents. Additionally, nutrient deprivation within the TME
can activate survival pathways in cancer cells, leading to treatment resistance.

Understanding the biochemical alterations in the TME has led to the
development of novel therapeutic approaches. Strategies to modulate the TME,
such as targeting angiogenesis, reversing immunosuppression, and normalizing
the microenvironment, have shown promise in preclinical and clinical studies.
Combining conventional therapies with agents targeting the TME holds
potential to overcome treatment resistance and improve patient outcomes.

In conclusion, the biochemical alterations within the TME significantly impact
cancer progression and treatment response. Recognizing these alterations
and their influence on therapeutic outcomes is crucial for developing effective
treatment strategies. Continued research in this area is vital to unravel the
complexity of the TME and identify novel therapeutic targets for improving
cancer patient outcomes.
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Introduction

The tumor microenvironment consists of various cellular and non-cellular
components surrounding the tumor. Biochemical changes in the tumor
microenvironment may have important effects on cancer progression
and treatment (Arneth, 2020). Biochemical changes in the tumor
microenvironment can promote tumor growth and invasion. Factors secreted
by tumor cells and stromal cells within the microenvironment can stimulate
cell proliferation, angiogenesis, and tissue remodeling, allowing the tumor
to expand and invade neighboring tissues (Denton et al., 2018).

Biochemical factors in the microenvironment, such as cytokines and
chemokines, can recruit immunosuppressive cells, including regulatory T
cells and myeloid-derived suppressor cells, which reduce the anti-tumor
immune response (Denton et al.,, 2018; Wu et al., 2015). The altered
composition of extracellular matrix components, increased interstitial
pressure, and impaired blood supply can limit the delivery and effectiveness
of chemotherapy drugs and radiation therapy (Wu et al., 2015; Multhoft et
al., 2012). In addition, the microenvironment may provide survival signals
to cancer cells, protecting them from the cytotoxic effects of treatment
(Hinshaw et al., 2019).

The tumor microenvironment undergoes angiogenic remodeling,
characterized by the formation of new blood vessels to meet the increased
nutrient and oxygen demands of the growing tumor (Fukumura et al.,
2007). Biochemical factors secreted by cancer cells, such as vascular
endothelial growth factor (VEGF), stimulate angiogenesis and aggregation
of endothelial cells (Nicosia, 1998; Byrne et al., 2005). This facilitates the
establishment of an extensive network of blood vessels within the tumor.

1. Oncogenes and Tumor Suppressor Genes

Oncogenes are genes that, when mutated or activated, promote cell
growth and division (Feldmanetal., 1991). Tamor suppressor genes normally
regulate cell growth and division and may prevent cancer development
(Jones et al., 2009). Changes in these genes can upset the balance between
cell proliferation and cell death (Ryan et al., 2001).

Proto-oncogenes are the main regulators of biological processes and
are found in normal cells. It can act as proto-oncogenes, growth factors,
signal transducers, and nuclear transcription factors. The genomes of
mammals and birds contain several proto-oncogenes that regulate normal
cell differentiation and proliferation (Miiller, 1986). Changes in these genes
that affect the regulation of their behavior or the structure of their encoded
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proteins can emerge as oncogenes in cancer cells. When such oncogenes
are produced, they promote cell proliferation and play a crucial role in the
pathogenesis of cancer. There are two categories of physical mutations that
result in the activation of proto-oncogenes: those that cause differences in
the structure of the encoded protein and those that cause dysregulation of
protein expression (Jan et al., 2019; Abel et al., 2009). Point mutations
of RAS proto-oncogenes and chromosomal translocations producing
chimeric genes such as Philadelphia translocation (BRC-ABL) are examples
of mutations that affect structure (Abel et al., 2009; Bataille et al., 2017;
Kurebayashi, 2001; Klinakis et al., 2000).

Activation of proto-oncogenes results in their conversion to oncogenes;
To date, 50 to 60 oncogenes have been identified (Lee et al., 2010).
Each proto-oncogene promoter allows the gene to respond to a variety
of physiological signals. Depending on the metabolic requirements of the
cell, a proto-oncogene may be expressed at very low levels; however, under
certain conditions, the expression of the gene can be significantly induced
(Lee et al., 2010).

The activation mechanisms of proto-oncogenes are as follows:

a) Chromosomal translocation of a proto-oncogene from a non-
replicating location to an adjacent location where it can be replicated
(chromosomal translocation of the MYC oncogene in human Burkitt
lymphoma).

An example of a chromosomal translocation involving the MYC oncogene
is the t(8;14) translocation commonly found in Burkitt lymphoma. In
this translocation, a portion of chromosome 8 containing the MYC gene
fuses with a portion of chromosome 14, resulting in dysregulation of MYC
expression. MYC oncogene plays a crucial role in cell cycle regulation,
cellular growth and differentiation. Deregulated expression of MYC due
to the t(8;14) translocation leads to constitutive activation of the MYC
signaling pathway. This pathway is involved in various cellular processes and
is involved in tumor progression. MYC levels are tightly regulated under
normal conditions. However, MYC is overexpressed in the presence of the
t(8;14) translocation (Quatrin et al., 2021). The displaced MYC gene is
now under the control of regulatory elements from the immunoglobulin
heavy chain gene (IgH) on chromosome 14, resulting in increased MYC
expression. The overexpressed MYC protein forms a heterodimer with
its partner protein Max. This MYC-Max complex binds to specific DNA
sequences called E-boxes in the promoters of target genes, leading to their
activation. Target genes regulated by MYC are involved in cell proliferation,
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metabolism and apoptosis (Liischer et al., 2012; Nie et al., 2012). One of
the primary functions of MYC is to promote cell cycle progression from
G1 phase to S phase. MYC activates the expression of genes involved in
cell cycle regulation, such as cyclins and cyclin-dependent kinases (CDKs),
which direct cell division. MYC also supports metabolic reprogramming
to support the increased energy demands of rapidly dividing cancer cells.
It increases nutrient availability for cancer cell growth by activating genes
involved in glucose uptake, glycolysis and glutamine metabolism. Normally,
MYC regulates cell death and apoptosis. However, in the context of
MYC translocation, its dysregulated expression may impair apoptosis and
allow cancer cells to escape programmed cell death. In addition, MYC
overexpression can trigger cellular senescence, a state of irreversible growth
arrest. The dysregulated MYC signaling pathway promotes uncontrolled cell
proliferation, genomic instability, and resistance to cell death mechanisms.
These factors contribute to tumor growth, metastasis, and progression in
Burkitt’s lymphoma and potentially other cancers associated with MYC
dysregulation (Rohrberg et al., 2020).

b) Point mutation of a proto-oncogene in which the substitution of a
single base by another base results in the substitution of an amino
acid in the oncoprotein (a point mutation at codon 12 of the RAS
oncogene).

It is a well-known genetic change found in several types of cancer,
including colorectal cancer, lung cancer, and pancreatic cancer. This mutation
affects the RAS gene, specifically one of three isoforms: KRAS, NRAS, or
HRAS. The mutation results in the substitution of a single nucleotide that
results in an amino acid change in the protein product of the RAS gene
(Miyakura et al., 2002). The most common mutation at codon 12 is the
replacement of glycine (G) with valine (V), aspartic acid (D), cysteine (C),
or arginine (R). This substitution disrupts the intrinsic GTPase activity of
the RAS protein, preventing it from hydrolyzing GTP to GDP, which is
essential for normal RAS function and regulation. The mutated RAS protein
is locked in its active GTP-bound state, leading to sustained activation of
downstream signaling pathways involved in cell growth and survival. RAS
is an important upstream regulator of the mitogen-activated protein kinase
(MAPK) pathway (Gerber et al., 2022; Farr et al., 1988). The mutated RAS
protein lacks efticient GTPase activity and disrupts normal down-regulation
of RAS signaling. This leads to sustained activation of downstream effectors
even in the absence of growth factor stimulation. Constitutive activation
of RAS signaling promotes uncontrolled cell growth, survival, and escape
of growth inhibitory signals. It also contributes to increased angiogenesis,
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invasion, and metastasis and ultimately promotes tumor progression
(Sparmann et al., 2004).

¢) Gene amplification by including multiple copies of an oncogene results
in increased oncoprotein production (c-MYC in neuroblastoma).

Neuroblastoma is a childhood cancer that arises from immature nerve
cells called neuroblasts. It is characterized by abnormal growth of these cells
in the adrenal glands, abdomen, chest, or spinal cord (David et al., 1989).
Amplification or overexpression of the c-MYC oncogene is commonly
observed in neuroblastoma. This can occur through a variety of mechanisms,
including gene amplification, chromosomal rearrangements, or dysregulation
of transcriptional control elements. Dysregulation of ¢-MYC contributes to
the uncontrolled cell proliferation, survival, and differentiation observed
in neuroblastoma. Dysregulated ¢-MYC in neuroblastoma affects various
cellular processes and signaling pathways. Overexpression of ¢-MYC in
neuroblastoma leads to increased cell proliferation and decreased apoptosis,
promoting tumor growth. ¢-MYC also affects the balance between cell
differentiation and apoptosis. Normally, c-MYC expression is downregulated
during cell differentiation. However, dysregulated c-MYC expression in
neuroblastoma inhibits differentiation and contributes to tumor progression
by promoting cell survival. ¢-MYC stimulates the production of pro-
angiogenic factors (Hatzi et al., 2002). In neuroblastoma, dysregulated
c¢-MYC can enhance angiogenesis. Similar to other cancers, dysregulated
c-MYCin neuroblastoma drives metabolic reprogramming to meet the energy
demands of rapidly dividing cells. It promotes glucose uptake, glycolysis
and glutamine metabolism, ensuring tumor cell growth and survival. c-MYC
dysregulation may contribute to genomic instability by leading to the
accumulation of additional genetic changes in neuroblastoma cells. Genomic
instability is a hallmark of cancer and can further increase tumor progression
and heterogeneity. Understanding the role of dysregulated ¢-MYC in
neuroblastoma is crucial for developing targeted therapies. Efforts are being
made to develop drugs that specifically inhibit c-MYC or target downstream
pathways affected by ¢-MYC dysregulation. By targeting c-MYC and its
associated signaling pathways, the researchers aim to disrupt neuroblastoma
cell growth and improve patient outcomes (Nisar et al., 2020).

d) Combining a gene that promotes transcription (promoter gene) near
the proto-oncogene causes overexpression of the gene (mechanism of
retrovirus carcinogenicity).

Retroviruses are a family of RNA viruses that have the ability to integrate
their viral DNA into the host cell’s genome. They can cause carcinogenicity
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(cancer development) through several mechanisms. Retroviruses can
integrate their viral DNA into the host cell’s genome, usually near or within
the genes involved in cell growth regulation. This integration can disrupt
the normal regulation of these genes, leading to uncontrolled cell growth
and potentially their transformation into cancer cells. Viral integration can
activate oncogenes or contribute to carcinogenesis by inactivating tumor
suppressor genes. Some retroviruses carry oncogenes, which are genes that
can induce cancer development. These viral oncogenes are derived from
cellular genes captured during previous infections and incorporated into the
viral genome. When the retrovirus infects a host cell, the viral oncogene can
be expressed and contribute to cellular transformation by altering normal
cell growth and survival pathways (Sahu et al., 2022). Retroviral infection
can suppress the immune system and allow cells to multiply that would
otherwise be eliminated by immune surveillance. This immunosuppression
can create a conducive environment for cancer development and progression.
Retroviral infection can lead to chronic inflammation, which is known to
play a role in promoting tumor growth and progression. Inflammation
produces reactive oxygen species and inflammatory mediators, which can
damage DNA, promote cell proliferation, and create an environment that
promotes cancer growth. Immortalization and Telomere Retroviruses can
induce cellular immortalization by activating telomerase, an enzyme that
lengthens telomeres, the protective ends of chromosomes. Telomerase
activation allows cells to transcend the natural limits in cell division and
continue to proliferate, which is a characteristic feature of cancer cells. It
is important to note that retroviruses have varying levels of carcinogenic
potential. For example, certain retroviruses such as human T-cell
lymphotropic virus type 1 (HTLV-1) and human immunodeficiency virus
(HIV) have been strongly associated with certain types of cancer, such as
adult T-cell leukemia/lymphoma and AIDS (Romanish et al., 2010; Fan,
1994).

2. Genetic Mutations

Mutations in genes play a crucial role in the development of cancer.
Oncogenes, tumor suppressor genes, and other genes involved in DNA
repair, cell cycle regulation, and apoptosis (programmed cell death) can
undergo mutations (Grandér, 1998).

Cancer is a genetic disease while many factors can contribute to cancer
development, genetic mutations are the driving force behind the onset and
p > & g
progression of most cancers (Aranda-Anzaldo, 2001).
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Driver Mutations: Driver mutations are changes in certain genes that
give cancer cells a growth advantage. These mutations directly contribute
to the development and progression of cancer. Driver mutations can occur
in oncogenes (genes that promote cell growth) or tumor suppressor genes
(genes that prevent uncontrolled cell growth). Examples of commonly
mutated oncogenes include KRAS, EGFR, and BRAE while tumor
suppressor genes such as TP53 and PTEN are frequently mutated in various
cancers (Temko et al., 2018; Li, 2016).

Passenger (Passanger) Mutations: Passenger mutations are genetic
changes that occur during cancer development but do not directly contribute
to tumor growth. These mutations are a result of the genomic instability and
chaotic nature of cancer cells. Although passenger mutations do not drive
cancer progression, they can be used to trace a tumor’s evolutionary history
and provide insight into its cellular diversity (Bozic et al., 2016).

Germline Mutations: Germline mutations are inherited genetic changes
found in every cell of an individual’s body. These mutations are passed
on from parents and may predispose individuals to an increased risk of
developing certain types of cancer. For example, mutations in the BRCA1
and BRCA2 genes significantly increase the risk of breast and ovarian cancer
(Tau et al., 2001).

Somatic Mutations: Somatic mutations are acquired genetic changes that
occur in certain cells throughout a person’s life. These mutations are not
inherited and are usually caused by exposure to environmental factors such
as radiation, chemicals, and tobacco smoke. Somatic mutations accumulate
over time and can lead to the development of cancer. For example, exposure
to UV radiation from the sun can cause mutations in skin cells, increasing
the risk of skin cancer (Martincorena et al., 2015).

Different types of mutations can leave certain patterns or signatures in
the cancer genome. These mutation signatures can provide insight into
the underlying causes of genetic mutations and help identify potential
carcinogens. For example, exposure to tobacco smoke leaves a distinct
mutational signature characterized by certain types of DNA changes
(Alexandrov et al., 2010).

3. Cell Signaling Pathways

Various signaling pathways control cell growth, survival, and proliferation.
Changes in these pathways can lead to uncontrolled cell division and evasion
of cell death mechanisms. For example, the Ras-Raf-MAPK pathway and
the PI3K-AKT-mTOR pathway are frequently dysregulated in cancer. Cell
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signaling pathways play a crucial role in normal cellular processes, including
cell growth, proliferation, differentiation and survival. However, when these
signaling pathways become dysregulated, it can lead to the development and
progression of cancer (Harvey, 2019).

Oncogenic mutations or changes can occur in components of signaling
pathways such as receptor tyrosine kinases (RTKs), downstream signaling
molecules, or transcription factors. These mutations can trigger uncontrolled
cell growth and proliferation, leading to constitutive activation of signaling
pathways. Examples include mutations in the EGFR gene in lung cancer
or the BRAF gene in melanoma that result in hyperactive MAPK signaling
(Lundby et al., 2019). Many cancers take advantage of growth factor
signaling pathways, such as the epidermal growth factor receptor (EGFR)
pathway, to promote cell survival and proliferation. Dysregulation of
growth factor receptors or their downstream eftectors can lead to sustained
activation of the pathway, promoting tumor growth. Targeting these
pathways with specific inhibitors has become a successful therapeutic
strategy in some cancers (Yewale et al., 2013). The PI3K/AKT/mTOR
pathway is frequently dysregulated in cancer. Activation of this pathway
supports cell survival, growth and metabolism. Mutations in components
of the PI3K pathway or upstream regulators such as loss of PTEN lead
to increased signaling along this pathway, contributing to uncontrolled
cell growth and resistance to therapies (Martelli et al., 2011). The Wnt/p-
Catenin pathway plays a crucial role in embryonic development and tissue
homeostasis. Dysregulation of this pathway can occur through mutations
in components of the Wnt pathway or stabilization of B-catenin. Abnormal
activation of the Wnt/B-Catenin pathway promotes cell proliferation and
is associated with a variety of cancers, including colorectal cancer (Bian
et al., 2020). Notch signaling pathway regulates cell fate determination,
differentiation and tissue development. Dysregulation of Notch signaling
has been associated with numerous cancers, including leukemia, breast
cancer, and pancreatic cancer. Abnormal activation of Notch signaling can
disrupt normal cellular differentiation, leading to uncontrolled cell growth
and tumorigenesis (Yin et al., 2010). The Hedgehog pathway is involved in
embryonic development and tissue homeostasis. Mutations in components
of the Hedgehog pathway, such as Flattened (SMO) or Patched (PTCH),
can cause aberrant activation of the pathway, contributing to a variety of
cancers, including basal cell carcinoma and medulloblastoma (Skoda et al.,
2018).
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4. Metabolism

Cancer cells exhibit altered metabolism compared to normal cells. They
often rely on glycolysis (the breakdown of glucose) even in the presence of
oxygen, known as the Warburg effect. This metabolic shift provides cancer
cells with the necessary building blocks for rapid proliferation. Cancer cells
exhibit different metabolic changes compared to normal cells, a phenomenon
known as “metabolic reprogramming”. These changes in metabolism are
essential to support increased energy demands, rapid proliferation and
survival of cancer cells.

Cancer cells often rely on glycolysis, which is the breakdown of glucose,
even in the presence of oxygen (aerobic conditions); this is a less efticient way
of producing energy in mitochondria compared to oxidative phosphorylation.
This metabolic switch enables cancer cells to produce ATP and the building
blocks necessary for cell growth and proliferation more quickly. Intermediate
products of glycolysis can also be directed to support other biosynthetic
pathways needed for cell division (Lincet et al., 2015). Cancer cells have an
increased demand for an amino acid, glutamine. Glutamine acts as a carbon
source for the synthesis of nucleotides, lipids and non-essential amino
acids that support the high biosynthetic needs of cancer cells. Additionally,
glutamine metabolism contributes to the production of antioxidants and
helps cancer cells manage oxidative stress (Desideri et al., 2015). Cancer
cells exhibit enhanced lipid biosynthesis to provide membrane building
blocks and support cell growth. They regulate de novo fatty acid synthesis
and increase lipid intake. Lipids also play a role in signaling pathways and
may promote cancer cell survival and migration. Rapidly dividing cancer
cells require a large supply of nucleotides for DNA and RNA synthesis.
Cancer cells regulate pathways involved in nucleotide biosynthesis to meet
this demand. Increased nucleotide synthesis also provides an opportunity
for therapeutic targeting of cancer metabolism (Robinson et al., 2020;
Mashima et al., 2009). Some cancers rely on glycolysis, while others exhibit
enhanced mitochondrial metabolism. This includes increased oxidative
phosphorylation, fatty acid oxidation and tricarboxylic acid (TCA) cycle
activity. Mitochondrial metabolism is crucial in certain types of cancer to
provide ATP, biosynthetic precursors and maintain redox balance. Cancer
cells often have increased reactive oxygen species (ROS) levels due to their
altered metabolism and high proliferation rate. To manage elevated ROS,
cancer cells upregulate antioxidant defense systems such as the glutathione
pathway and thioredoxin system to maintain redox homeostasis and promote
cell survival (Alberghina et al., 2012).
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These metabolic changes give cancer cells a selective advantage
that supports their growth, survival, and ability to adapt to the tumor
microenvironment. Targeting cancer cell metabolism has emerged as an
exciting area of cancer research with the aim of developing treatments that
specifically disrupt the metabolic weaknesses of cancer cells while sparing
normal cells (Vander Heiden, 2011).

5. Angiogenesis

Tumor growth and progression requires the development of new blood
vessels, a process known as angiogenesis. Cancer cells have the ability to
secrete various factors that promote angiogenesis to ensure adequate blood
tflow to support increased nutrient and oxygen demands.

Angiogenic factors such as vascular endothelial growth factor (VEGF),
tibroblast growth factor (FGF), platelet-derived growth factor (PDGF),
and angiopoietins are produced and released by cancer cells. These factors
stimulate the growth and migration of endothelial cells, the blood vessel
building blocks (Carmeliet et al., 2011). Angiogenic factors released by
cancer cells bind to specific receptors on the surface of endothelial cells,
activating signaling pathways that promote cell proliferation, migration
and formation of new blood vessels. This process allows endothelial cells to
invade surrounding tissue and form capillary shoots (Carmeliet et al., 2011).
Remodeling of the extracellular matrix is crucial for the formation of new
blood vessels. Cancer cells and stromal cells in the tumor microenvironment
secrete proteolytic enzymes such as matrix metalloproteinases (MMPs),
which degrade the extracellular matrix, creating a pathway for endothelial
cells to migrate and form new vasculature (Galvez et al., 2001). Endothelial
cells proliferate and form sprouts that lengthen and connect with nearby
vessels to form a network of new blood vessels. This process is called
neovascularization or angiogenesis. Newly formed blood vessels support the
growth and survival of the tumor by supplying the growing tumor with
oxygen, nutrients, and growth factors (Gdlvez et al., 2001).

The tumor microenvironment, composed of stromal cells, immune
cells, and components of the extracellular matrix, plays a crucial role in
regulating angiogenesis. Cancer cell interactions with surrounding stromal
cells, including cancer-associated fibroblasts and immune cells, can modulate
the production of angiogenic factors and influence the angiogenic response
(Payne et al., 2011). Targeting angiogenesis has been a successtul therapeutic
strategy in cancer treatment. Drugs that inhibit angiogenesis such as anti-
angiogenic antibodies (eg, bevacizumab) and small molecule inhibitors (eg,
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tyrosine kinase inhibitors that target VEGF receptors) have been developed
and are used in combination with other therapies to limit blood flow to
tumors to reduce their growth and improve patient outcomes (Petrovic,

2016).

6. Epigenetic Changes

Epigenetic modifications include changes in DNA and associated proteins
without altering the underlying genetic sequence. These modifications can
have profound effects on gene expression and play a crucial role in numerous
biological processes, such as cancer (Zheng et al., 2008).

DNA methylation is a prevalent epigenetic modification involving
the addition of a methyl group to DNA molecules, typically at cytosine
residues within CpG dinucleotides. DNA methylation can influence gene
expression by preventing transcription factors from binding to regulatory
regions of genes, thereby suppressing gene expression. Hypermethylation
of tumor suppressor gene promoter regions may result in their inactivation,
thereby fostering the development of cancer. In contrast, hypomethylation
at particular genomic regions can result in oncogene activation or genomic
instability (Kulis et al., 2010). Histones are proteins that DNA wraps around
and forms a structure called chromatin. Various chemical modifications such
as methylation, acetylation, phosphorylation and ubiquitination can occur
in histone proteins. These modifications can regulate gene expression by
altering the DNAs accessibility to transcriptional machinery. For instance,
acetylation of histones is generally associated with gene activation, whereas
methylation may be associated with either gene activation or suppression,
depending on the site and degree of methylation. Frequently observed
in cancer, abnormal histone modifications cause dysregulation of gene
expression and promote tumor growth and progression (Zhao et al., 2019).
Non-coding RNAs such as microRNAs (miRNAs) and long non-coding
RNAs (IncRNAs) are emerging as crucial players in epigenetic regulation.
miRNAs can bind to messenger RNAs (mRNAs) and block their translation
or regulate gene expression by promoting their degradation. Deregulated
expression of miRNAs has been implicated in a variety of cancers. On the
other hand, IncRNAs can interact with DNA, RNA and proteins by affecting
gene expression and chromatin organization. Altered expression of specific
IncRNAs has been associated with cancer development and progression
(Morlando et al., 2018). Chromatin remodeling complexes can alter the
structure and accessibility of chromatin by affecting gene expression. These
complexes use energy to reposition, remove or replace histones, allowing for
changes in gene accessibility and transcriptional regulation. Dysregulation
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of chromatin remodeling complexes can lead to abnormal gene expression
patterns and contribute to cancer development (Liangst et al., 2015).

Conclusion

Biochemical changes in the tumor microenvironment can affect cancer
cell metabolism. Hypoxia, a common feature of solid tumors, leads to
altered metabolic pathways, including increased glycolysis and dependence
on alternative energy sources. These metabolic adaptations provide survival
advantages to cancer cells and support their growth and proliferation.

Understanding the effects of biochemical changes in the tumor
microenvironment is crucial to developing effective cancer treatments.
Targeting specific components and signaling pathways within the
microenvironment has the potential to improve treatment outcomes by
inhibiting tumor growth, overcoming therapy resistance, and enhancing
anti-tumor immune responses. Treatments that modulate the tumor
microenvironment, such as immunotherapies and anti-angiogenic agents,
are being actively explored as promising strategies in cancer therapy.



10.

11.

12.

13.

14.

15.

16.

Seyhan Turk | 97

References

Arneth B. Tumor Microenvironment. Medicina. 2020;56(1):15.

Denton AE, Roberts EW, Fearon DT. Stromal Cells in the Tumor Mic-
roenvironment. In: Owens BMJ, Lakins MA, editors. Stromal Immuno-
logy. Cham: Springer International Publishing; 2018. p. 99-114.

Wu AA, Drake V, Huang HS, Chiu S, Zheng L. Reprogramming the tu-
mor microenvironment: tumor-induced immunosuppressive factors pa-
ralyze T cells. Oncoimmunology. 2015;4(7):e1016700.

Multhoft G, Vaupel P. Radiation-induced changes in microcirculation and
interstitial fluid pressure affecting the delivery of macromolecules and na-
notherapeutics to tumors. Frontiers in Oncology. 2012;2.

Hinshaw DC, Shevde LA. The Tumor Microenvironment Innately Mo-
dulates Cancer Progression. Cancer Research. 2019;79(18):4557-66.

Fukumura D, Jain RK. Tumor microvasculature and microenvironment:
Targets for anti-angiogenesis and normalization. Microvascular Research.
2007;74(2):72-84.

Nicosia RE What Is the Role of Vascular Endothelial Growth Factor-Re-
lated Molecules in Tumor Angiogenesis? The American Journal of Patho-
logy. 1998;153(1):11-6.

Byrne AM, Bouchier-Hayes DJ, Harmey JH. Angiogenic and cell survi-
val functions of Vascular Endothelial Growth Factor (VEGEF). Journal of
Cellular and Molecular Medicine. 2005;9(4):777-94.

Feldman SR, Yaar M. Oncogenes: The Growth Control Genes. Archives
of Dermatology. 1991;127(5):707-11.

Jones RG, Thompson CB. Tumor suppressors and cell metabolism: a re-
cipe for cancer growth. Genes Dev. 2009;23(5):537-48.

Ryan KM, Phillips AC, Vousden KH. Regulation and function of
the p53 tumor suppressor protein. Current Opinion in Cell Biology.
2001;13(3):332-7.

Miiller R. Proto-oncogenes and differentiation. Trends in Biochemical
Sciences. 1986;11(3):129-32.

Jan R, Chaudhry GE. Understanding Apoptosis and Apoptotic Pathways
Targeted Cancer Therapeutics. Adv Pharm Bull. 2019;9(2):205-18.
Abel EL, Angel JM, Kiguchi K, DiGiovanni J. Multi-stage chemical car-
cinogenesis in mouse skin: Fundamentals and applications. Nature Pro-
tocols. 2009;4(9):1350-62.

Bataille P, Reynard A, Ducarme G. Spontaneous heterotopic triplets - A
review of literature. ] Gynecol Obstet Hum Reprod. 2017;46(8):657-9.

Kurebayashi J. Biological and clinical significance of HER2 overexpressi-
on in breast cancer. Breast Cancer. 2001;8(1):45-51.



98 | The Impact of Biochemical Alterations in the Tumor Microenvironment on Cancer...

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Klinakis A, Szabolcs M, Politi K, Kiaris H, Artavanis-Isakonas S, Efstra-
tiadis A. Myc is a Notchl transcriptional target and a requisite for Not-
chl-induced mammary tumorigenesis in mice. Proc Natl Acad Sci U S A.
2006;103(24):9262-7.

Lee EY, Muller WJ. Oncogenes and tumor suppressor genes. Cold Spring
Harb Perspect Biol. 2010;2(10):a003236.

Quatrin M, Pasti C, Romano S, Iarossi B, Giménez V, Schuttenberg V,
et al. A new dual translocation of chromosome 14 in a pediatric Bur-
kitt lymphoma/leukemia patient: t(8;14) and t(14;15). Cancer Genetics.
2021;258-259:131-4.

Liischer B, Vervoorts J. Regulation of gene transcription by the oncopro-
tein MYC. Gene. 2012;494(2):145-60.

Nie Z, Hu G, Wei G, Cui K, Yamane A, Resch W, et al. c-Myc Is a
Universal Amplifier of Expressed Genes in Lymphocytes and Embryonic
Stem Cells. Cell. 2012;151(1):68-79.

Rohrberg J, Van de Mark D, Amouzgar M, Lee JV, Taileb M, Corella A,
et al. MYC Dysregulates Mitosis, Revealing Cancer Vulnerabilities. Cell
Reports. 2020;30(10):3368-82.¢7.

Miyakura Y, Sugano K, Fukayama N, Konishi E Nagai H. Concurrent
Mutations of K-ras Oncogene at Codons 12 and 22 in Colon Cancer. Ja-
panese Journal of Clinical Oncology. 2002;32(6):219-21.

Gerber M, Goel S, Maitra R. In silico comparative analysis of KRAS mu-
tations at codons 12 and 13: Structural modifications of P-Loop, switch
I&II regions preventing GTP hydrolysis. Computers in Biology and Me-
dicine. 2022;141:105110.

Farr CJ, Saiki RK, Erlich HA, McCormick E Marshall CJ. Analysis of
RAS gene mutations in acute myeloid leukemia by polymerase chain rea-

ction and oligonucleotide probes. Proceedings of the National Academy
of Sciences. 1988;85(5):1629-33.

Sparmann A, Bar-Sagi D. Ras-induced interleukin-8 expression
plays a critical role in tumor growth and angiogenesis. Cancer Cell.
2004;6(5):447-58.

David R, Lamki N, Fan S, Singleton EB, Eftekhari E Shirkhoda A, et al.
The many faces of neuroblastoma. RadioGraphics. 1989;9(5):859-82.
Hatzi E, Murphy C, Zoephel A, Ahorn H, Tontsch U, Bamberger
A-M, et al. N-myc oncogene overexpression down-regulates leukemia
inhibitory factor in neuroblastoma. European Journal of Biochemistry.
2002;269(15):3732-41.

Nisar S, Hashem S, Macha AM, Yadav KS, Muralitharan S, Therachiyil

L, et al. Exploring Dysregulated Signaling Pathways in Cancer. Current
Pharmaceutical Design. 2020;26(4):429-45.



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Seyhan Turk | 99

Sahu S, Singh B, Rai AK. Human endogenous retrovirus regulates
the initiation and progression of cancers (Review). Mol Clin Oncol.
2022;17(4):143.

Romanish MT, Cohen CJ, Mager DL. Potential mechanisms of endoge-
nous retroviral-mediated genomic instability in human cancer. Seminars
in Cancer Biology. 2010;20(4):246-53.

Fan H. Retroviruses and Their Role in Cancer. In: Levy JA, editor. The
Retroviridae. Boston, MA: Springer US; 1994. p. 313-62.

Grandér D. How do mutated oncogenes and tumor suppressor genes
cause cancer? Medical Oncology. 1998;15(1):20-6.

Aranda-Anzaldo A. Cancer Development and Progression: A
Non-Adaptive Process Driven by Genetic Drift. Acta Biotheoretica.
2001;49(2):89-108.

Temko D, Tomlinson IPM, Severini S, Schuster-Bockler B, Graham TA.
The effects of mutational processes and selection on driver mutations ac-
ross cancer types. Nature Communications. 2018;9(1):1857.

Li X. Dynamic changes of driver genes” mutations across clinical stages in
nine cancer types. Cancer Medicine. 2016;5(7):1556-65.

Bozic I, Gerold JM, Nowak MA. Quantifying Clonal and Subclonal Pas-
senger Mutations in Cancer Evolution. PLOS Computational Biology.
2016;12(2):¢1004731.

JTau PTC, Macmillan RD, Blamey RW. Germ line mutations associ-
ated with breast cancer susceptibility. European Journal of Cancer.
2001;37(3):300-21.

Martincorena I, Campbell PJ. Somatic mutation in cancer and normal
cells. Science. 2015;349(6255):1483-9.

Alexandrov LB, Ju YS, Haase K, Van Loo P, Martincorena I, Nik-Zainal
S, et al. Mutational signatures associated with tobacco smoking in human
cancer. Science. 2016;354(6312):618-22.

Harvey AJ. Overview of Cell Signaling Pathways in Cancer. In: Badve S,
Kumar GL, editors. Predictive Biomarkers in Oncology: Applications in
Precision Medicine. Cham: Springer International Publishing; 2019. p.
167-82.

Lundby A, Franciosa G, Emdal KB, Refsgaard JC, Gnosa SP, Bek-
ker-Jensen DB, et al. Oncogenic Mutations Rewire Signaling Pathways
by Switching Protein Recruitment to Phosphotyrosine Sites. Cell.
2019;179(2):543-60.¢26.

Yewale C, Baradia D, Vhora I, Patil S, Misra A. Epidermal growth factor

receptor targeting in cancer: A review of trends and strategies. Biomate-
rials. 2013;34(34):8690-707.



100 | The Impact of Biochemical Alterations in the Tiumor Microenvironment on Cancer...

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Martelli AM, Evangelisti C, Chappell W, Abrams SL, Bisecke J, Sti-
vala E et al. Targeting the translational apparatus to improve leukemia
therapy: roles of the PI3K/PTEN/Akt/mTOR pathway. Leukemia.
2011;25(7):1064-79.

Bian ], Dannappel M, Wan C, Firestein R. Transcriptional Regulation of
What/B-Catenin Pathway in Colorectal Cancer. Cells. 2020;9(9):2125.

Yin L, Velazquez OC, Liu Z-J. Notch signaling: Emerging molecular tar-
gets for cancer therapy. Biochemical Pharmacology. 2010;80(5):690-701.

Skoda AM, Simovic D, Karin V, Kardum V, Vranic S, Serman L. The role
of the Hedgehog signaling pathway in cancer: A comprehensive review.
Biomolecules and Biomedicine. 2018;18(1):8-20.

Lincet H, Icard P. How do glycolytic enzymes favour cancer cell prolife-
ration by nonmetabolic functions? Oncogene. 2015;34(29):3751-9.

Desideri E, Ciriolo MR. Glutamine Addiction of Cancer Cells. In: Ra-
jendram R, Preedy VR, Patel VB, editors. Glutamine in Clinical Nutriti-
on. New York, NY: Springer New York; 2015. p. 99-111.

Robinson AD, Eich M-L, Varambally S. Dysregulation of de novo nuc-
leotide biosynthetic pathway enzymes in cancer and targeting opportuni-
ties. Cancer Letters. 2020;470:134-40.

Mashima T, Seimiya H, Tsuruo T. De novo fatty-acid synthesis and rela-
ted pathways as molecular targets for cancer therapy. British Journal of
Cancer. 2009;100(9):1369-72.

Alberghina L, Gaglio D, Gelfi C, Moresco R, Mauri G, Bertolazzi P, et
al. Cancer cell growth and survival as a system-level property sustained by
enhanced glycolysis and mitochondrial metabolic remodeling. Frontiers
in Physiology. 2012;3.

Vander Heiden MG. Targeting cancer metabolism: a therapeutic window
opens. Nature Reviews Drug Discovery. 2011;10(9):671-84.

Carmeliet P, Jain RK. Molecular mechanisms and clinical applications of
angiogenesis. Nature. 2011;473(7347):298-307.

Gilvez BG, Matas-Roman S, Albar JP, Sdnchez-Madrid E Arro-
yo AG. Membrane Type 1-Matrix Metalloproteinase Is Activated du-
ring Migration of Human Endothelial Cells and Modulates Endotheli-
al Motility and Matrix Remodeling*. Journal of Biological Chemistry.
2001;276(40):37491-500.

Payne SJ, Jones L. Influence of the tumor microenvironment on angioge-
nesis. Future Oncology. 2011;7(3):395-408.

Petrovic N. Targeting Angiogenesis in Cancer Treatments: Whe-

re do we Stand? Journal of Pharmacy & Pharmaceutical Sciences.
2016;19(2):226-38.



58.

59.

60.

61.

62.

Seyhan Turk | 101

Zheng YG, Wu J, Chen Z, Goodman M. Chemical regulation of epi-
genetic modifications: Opportunities for new cancer therapy. Medicinal
Research Reviews. 2008;28(5):645-87.

Kulis M, Esteller M. 2 - DNA Methylation and Cancer. In: Herceg Z,
Ushijima T, editors. Advances in Genetics. 70: Academic Press; 2010. p.
27-56.

Zhao Z, Shilatifard A. Epigenetic modifications of histones in cancer.
Genome Biology. 2019;20(1):245.

Morlando M, Fatica A. Alteration of Epigenetic Regulation by Long
Noncoding RNAs in Cancer. International Journal of Molecular Scien-
ces. 2018;19(2):570.

Langst G, Manelyte L. Chromatin Remodelers: From Function to Dys-
function. Genes. 2015;6(2):299-324.






