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Cancer and the cell cycle: unraveling the connection.
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Introduction

Cancer is a complex and devastating disease that affects
millions of people worldwide. It arises when normal, healthy
cells undergo uncontrolled growth and division, forming a
mass of abnormal cells known as a tumour. To comprehend
the roots of cancer, it is essential to delve into the intricate
relationship between the disease and the cell cycle—the tightly
regulated process that governs cell division and growth. The
cell cycle is a meticulously orchestrated series of events that
a cell undergoes to reproduce itself. It consists of several
distinct phases, including interphase (G1, S, and G2 phases)
and mitosis (M phase). Interphase is the period of cell growth
and DNA replication, while mitosis is the actual process of
cell division [1].

During the G1 phase, the cell grows and prepares for DNA
synthesis. The S phase follows, during which the cell
duplicates its DNA, ensuring each resulting daughter cell
will have the same genetic information. The G2 phase is a
checkpoint phase, where the cell assesses whether its DNA
has been accurately replicated and is ready for division. If all
conditions are met, the cell proceeds to the M phase. The M
phase consists of several tightly regulated steps, including
prophase, metaphase, anaphase, and telophase, leading to the
formation of two genetically identical daughter cells. These
daughter cells then enter the G1 phase again, completing the
cycle [2].

To ensure the cell cycle progresses smoothly and accurately,
a sophisticated network of regulatory mechanisms exists. Key
players in this process are cyclins and cyclin-dependent kinases
(CDKs). Cyclins are proteins that fluctuate in concentration
throughout the cell cycle, while CDKs are enzymes that
become active when bound to cyclins. The interaction between
cyclins and CDKs forms cyclin-CDK complexes, which act
as molecular switches, triggering the cell to move from one
phase to another. Additionally, there are checkpoint pathways
that act as guardians of the genome, ensuring that damaged or
abnormal cells do not progress to the next stage [3].

Cancer arises when these regulatory mechanisms go awry,
allowing cells to bypass checkpoints and escape control
mechanisms. There are various ways in which this can occur:
Genetic Mutations: Mutations in critical genes that regulate
the cell cycle can lead to uncontrolled cell division. For
example, mutations in the tumour suppressor gene p53, which
plays a crucial role in cell cycle arrest and DNA repair, are

found in a wide range of cancers. Oncogenes: Oncogenes are
altered forms of normal genes (proto-oncogenes) that promote
cell growth and division. When proto-oncogenes undergo
mutations, they can become overactive, leading to excessive
cell proliferation and the development of cancer. Checkpoint
Dysregulation: Defects in the checkpoint pathways that
monitor DNA integrity and cell division can lead to the
survival and proliferation of damaged cells, contributing
to tumorigenesis. Telomerase Activation: Telomeres are
protective caps at the ends of chromosomes that shorten with
each cell division. Cancer cells often activate the telomerase
enzyme, allowing them to maintain their telomeres' length and
evade the natural aging process of cells [4].

Understanding these underlying molecular mechanisms of
cancer provides valuable insights into the development of
targeted therapies and treatments. For instance, targeted drugs
that inhibit specific overactive kinases derived from mutated
oncogenes have shown promising results in treating certain
cancers. Moreover, studying the cell cycle and its regulation
has paved the way for novel cancer therapies that aim to halt
cell proliferation by interfering with specific checkpoints or
key players in the cell cycle machinery. These treatments offer
a more focused approach, minimizing damage to healthy cells
and reducing side effects often associated with traditional
chemotherapy [ 5].

Conclusion

In Conclusion, the cell cycle is a tightly controlled and
complex process responsible for the growth, development,
and maintenance of living organisms. When its regulation
falters, cancer can emerge as a result of uncontrolled cell
division and proliferation. By unraveling the connection
between cancer and the cell cycle, scientists and researchers
have made significant strides in understanding the disease's
molecular basis and developing targeted therapies. As we
continue to expand our knowledge, we inch closer to more
effective and personalized treatments that offer hope in the
fight against cancer.
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