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Abstract:

Cancer remains one of the biggest global health issues today due to the disease's
complexity and mutability. Moreover, despite the major advances in understanding its etiology
and pathogenesis to improve prevention and treatment methods, the disease remains a major
cause of natural death worldwide. Regardless of the cause or genotype of cancer, the malignancy
phenotype at the cellular level results in observable physicochemical modifications. In this
review, we will get focus on ten hallmarks of cancer acquired by most and perhaps all types of
human malignancies, as a successful approach to combat cancer along with enhancing cancer
prevention and revealing potential limitations in recent therapeutic interventions.
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Introduction:

Cancer is a major public health concern, which is ranked as the second most common cause of worldwide
morbidity and mortality among non-communicable diseases after cardiovascular diseases (Madia et al., 2019).
According to global cancer statistics (GLOBOCAN 2020) estimates, there were approximately 19.3 million new
cancer cases and 10.0 million cancer deaths worldwide (Sung et al., 2021), which were significantly higher than
the last statistics in 2018 (Bray et al., 2018). Besides, the cancer incidence rate is projected to increase to 24.1
million annually by 2030 and to 29.5 million by 2040 (Madia et al., 2019; Sung et al., 2021).

Classical hallmarks of cancer

Cancer refers to the rapid replication of abnormal cells with the potential to overgrow, invade the adjacent
tissue, and metastasize to other organs (Wu et al., 2021). Regardless of the cause or genotype of cancer, the
malignancy phenotype at the cellular level results in observable physicochemical modifications (Souho et al.,
2018). The six classical hallmarks characterizing neoplasia, delineated in Hanahan and Weinberg (2000), were
described as “acquired capabilities shared by most and perhaps all types of human cancers”. .

1. Sustaining proliferative signaling

Normal cells depend on mitogenic growth signals before they can enter a proliferative phase that
transmitted to the cell via transmembrane receptors, binding three classes of signaling molecules: extracellular
matrix components, cell-to-cell adhesion molecules, and mostly diffusible growth factors (Kim et al., 2011;
Perrimon et al., 2012). Deregulation of mitogenic signaling to support proliferation is considered the chief hallmark
of malignant transformation (Caon et al., 2020; Ruiz-Casado et al., 2017).

Various alterations can lead to the autonomy of growth signals. Cells may start to secrete their growth
factors or stimulate a neighboring cell within their microenvironment to provide the growth factors. Also, receptors
can be over-expressed above physiological levels or truncated in a way that regulatory elements are missing.
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Subsequently, minute amounts of ligand or no ligand at all are sufficient to trigger proliferation. Another frequent
mechanism is the constitutive activation of the intracellular signal transduction circuitry (Sever et al., 2015; Witsch
etal., 2010).

2. Insensitivity to growth inhibition
Anti-growth signals ensure homeostasis in healthy tissues by counteracting signals that induce
proliferation. Some of the signaling pathways blocking entry into the proliferative phase of the cell cycle are relayed
via the retinoblastoma (Rb) protein and p53. Transforming growth factor-p (TGF-p) is a ligand that leads to the
blockade of Rb protein phosphorylation and subsequent inactivation of E2 transcription factor (E2F). E2F control
the expression of groups of genes essential for cell progression from the G; into the S phase. Loss of a functional
TGF-B receptor or mutations in downstream signaling molecules makes the cell resistant to growth inhibition

(Amin et al., 2015; Tarasewicz et al., 2012).

3. Evasion of programmed cell death (Apoptosis)

Apoptosis is an organized process that leads to programmed self-destruction (Menyhart et al., 2016). Two
main apoptotic pathways are recognized. The extrinsic pathway is mediated by cell surface death receptors
activation while the intrinsic pathway is triggered by internal damage leading to mitochondrial cytochrome c release
(Souho et al., 2018). The activation of apoptotic pathways lead to cell shrinkage, chromatin condensation, DNA
fragmentation, and formation of cytoplasmic blebs and apoptotic bodies, containing the contents of the dead cell,
which is phagocytosed by the surrounding cells (Xu et al., 2019).

However, deregulated apoptotic signaling in cancer, particularly the activation of anti-apoptotic systems,
allows cancer cells to escape apoptosis leading to uncontrolled proliferation resulting in tumor survival, therapeutic
resistance, and recurrence of cancer (Mohammad et al., 2015). An important inducer of apoptosis is p53, one of
the most commonly affected tumor suppressors and mutated in more than 50% of human cancers (Aubrey et al.,
2018). Besides, many tumors also overexpress endogenous inhibitors of apoptosis, such as members of the B-cell
Lymphoma-2 (Bcl-2) protein family (Knight et al., 2019).

4. Limitless replicative potential

Cells division stops when their telomeres are critically short. Telomeres are structures at the ends of
chromosomes that protect the termini of chromosomes from premature fusion resulting in karyotypic disarray
(aneuploidy) and cell death (Aksenova et al., 2019). During DNA replication in each cell cycle, 50-100 base pair
of telomeric DNA are lost, before they are eroded and lose their protective function, causing irreversible, non-
proliferative state (replicative senescence) and finally death (Shammas et al., 2008; van Deursen, 2014).

Telomerase, a specific DNA polymerase, adds telomere hexanucleotide repeats at the termini of telomeric
DNA. It is nearly absent in normal cells, but its expression is up-regulated to significant levels in highly
proliferative cells, such as stem cells and germ cells, as well as in almost all types of malignant cells. With active
telomerase, a cell can divide infinitely (Low et al., 2013; Menyhart et al., 2016).

5. Sustained angiogenesis
The growth of solid tumors is limited by the availability of oxygen and nutrients. Hypoxic tissue
conditions at the beginning of tumor growth trigger local angiogenesis (Ramjiawan et al., 2017), and lymph-
angiogenesis (Ji, 2014). This hypoxic response is essentially mediated by the hypoxia-inducible factor-1o (HIF-
lay) via nuclear factor-kB (NF-«xB) signaling (Caon et al., 2020). HIF-1a initiates a signaling cascade that activates
the transcription of growth factors [like vascular endothelial growth factor (VEGF), fibroblast growth factor, and
angiopoietin], cytokines, and extracellular matrix remodelers to generate new vasculature (Muz et al., 2015).

6. Tissue invasion and metastasis

Tumor metastasis is a multistage process that generally includes the malignant tumor cells leaving the
primary lesion, penetrating through the vessels and entering the host blood and lymphatic circulation, or directly
spreading through the body cavity, reaching the distant site and continuing to proliferate and grow, eventually
forming the same type of tumor as the primary lesion (Das et al., 2020; Mierke, 2019). The invasion and metastasis
of cancer cells are closely related to poor prognosis and patient survival and account for 90% of all cancer deaths
(Caon et al., 2020; Wang et al., 2021).

The invasion-metastatic cascade requires cancer cells to undergo epithelial-to-mesenchymal transition.
This makes tumor cells acquire some characteristics including the loss of cell adherence proteins, alteration of cell
morphology, increased motility, expression of matrix-degrading proteinases, and resistance to apoptosis. Therefore,
the transformed tumor cells have a stronger ability to metastasize and invade and are more likely to survive in the
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blood. These tumor cells reach a distant organ, return to their epithelial phenotype (mesenchymal-to-epithelial
transition), seed in their new location, and resume proliferation to generate secondary tumors (Karlsson et al., 2017;
Ribatti et al., 2020).

Revised concepts and new hallmarks
Significant advances in understanding malignant conversion have led to revealing further features of
cancer. Hanahan and Weinberg (2011) extended their original six hallmarks adding four more new hallmarks.

1. Genome instability and mutation

Cancer involves the gradual accumulation of genomic changes and mutations. Changes may arise through
direct DNA mutations or through epigenetic modifications that can change protein expression levels and affect
genomic integrity. DNA-repair pathways including base excision repair, nucleotide excision repair, mismatch
repair, non-homologous end joining, and homology-directed repair, play a critical role in maintaining genomic
integrity (Kagohara et al., 2018; Yao et al., 2014).

A deficiency of these pathways may therefore lead to genomic instability which is a hallmark of almost
all types of human malignancies. These types of genomic instability have been characterized in tumor cells, in form
of chromosomal instability, such as copy number variation and aneuploidy, microsatellite instability manifested by
the expansion or reduction of short nucleotide repeats present in microsatellite sequences, and base-pair mutations,
including small-scale insertions, deletions, substitutions, and point mutations in oncogenes and tumor-suppressor
genes which play an important role in the initiation of tumorigenesis (lengar, 2012; Soca-Chafre et al., 2019).

2. Tumor-promoting inflammation

There are two types of inflammation associated with cancer; tumor-promoting inflammation, which
promotes cell survival, aggressiveness, and metastasis and is associated with chronic inflammation and T helper 2
cells responses. The other type is tumor-destroying inflammation, which induces cancer cell destruction and is
related to acute inflammation and T helper type 1 cells responses. Tumor-promoting inflammation is characterized
by a tumor microenvironment with increased levels of growth factors, angiogenic factors, and tissue-remodeling
enzymes secreted from infiltrating immune cells. As a result, all these factors can aid malignant cells to proliferate,
survive, and even metastasize (Cho et al., 2020; Palucka et al., 2016).

Tumor-associated macrophages (TAMs) are essential drivers of tumor-promoting inflammation and are
associated with an unfavorable prognosis in several types of cancers (Mantovani et al., 2017). TAMs have the
potential ability to differentiate into either M1 or M2 macrophages, which have opposing effects on tumor
progression. Activated M1 macrophages release pro-inflammatory cytokines, such as tumor necrosis factor-o
(TNF-0), interleukin 6 (IL-6), and interleukin 1B (IL-1PB), whereas M2 macrophages lack the function of
phagocytizing tumor cells, produce proteolytic enzymes and growth factors, suppress the immune response, and
contribute to hypoxia-induced angiogenesis, thus promoting tumor cell proliferation and migration (Mwafy et al.,
2020; Zhou et al., 2020).

3. Reprogramming of energy metabolism

Normal cells maximize ATP availability by using glycolysis, tricarboxylic acid cycle, and aerobic
mitochondrial oxidative phosphorylation (Bonora et al., 2012). In contrast, cancer cells focus on sustaining rapid
cell growth and division which requires maximization of the synthesis of macromolecules, nucleotides, proteins,
lipids, and glycans. Therefore, rather than ATP, cancer cells need carbon skeletons, nitrogen, and cytosolic reduced
nicotinamide adenine dinucleotide phosphate (NADPH) for anabolic reactions (Porporato et al., 2018).

With this last concept and considering the limited availability of oxygen in tumors, the mitochondria in
cancer cells do not work to produce ATP but to supply the cells with substrates for biosynthesis. Dividing cancer
cells have increased glucose uptake rates and by simultaneously increasing the rate of glycolysis while limiting
oxidative phosphorylation, cells enter a state termed aerobic glycolysis, also known as the Warburg effect.
Increased glycolysis can allow the diversion of glycolytic intermediates into biosynthetic pathways required for
new cell assembly (Schwartz et al., 2017; Vaupel et al., 2019).

4. Avoiding immune destruction
Tumor cells adopt a variety of mechanisms to avoid immune recognition and immune-mediated
destruction. Inflammatory immune cells include TAMs, cytotoxic T lymphocytes, T helper lymphocytes, natural
killer cells, regulatory T (Treg) cells, and myeloid-derived suppressor cells (MDSCs). Among them, Treg cells,
MDSCs, and macrophages, recruited by tumor-derived chemokines, are mainly involved in the immunosuppressive
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action via the secretion of key molecules, such as TGF-B, prostaglandin E2, and IL-10 (Argyle et al., 2018; Nicolini
etal., 2018).

Most cancer cells express a large number of inhibitory checkpoint proteins that bind programmed cell
deathl (PD1) and cytotoxic T lymphocyte associated protein 4 (CTLA4). Both are inhibitory checkpoint receptors
expressed on the surface of activated T cells that downregulate immune responses, and trigger a cascade of signals
that inhibit T cell activation, proliferation, survival, and cytotoxic secretion within cancer cells (Han et al., 2020;
Seidel et al., 2018). Moreover, cancer cells may lose the expression of tumor antigens on the cell surface, thus
avoiding the recognition by cytotoxic T cells (Gonzalez et al., 2018).

In summary, Cancer initiation and progression are modulated through genomic mutations, metabolic
dysfunction, tumor-promoting inflammation, immune response modulation, and sustained proliferative capabilities
along with its ability to induce angiogenesis and metastasis. We hope this review help as a guide for cancer
prevention and potential limitations in recent therapeutic interventions.
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