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Cell Growth and Cancer: The Link Between Uncontrolled Proliferation
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One of the most important factors in the development of cancer is the
accumulation of genetic mutations. These mutations can affect the genes
that regulate the cell cycle, apoptosis, and DNA repair, leading to a loss of

Cell growthis a highly regulated process essential for normal development, - gontrol over cell proliferation. Oncogenes are genes that, when mutated or
tissue repair, and homeostasis within multicellular organisms. In healthy  qyerexpressed, promote cell division and can contribute to cancer. These
tissues, cell proliferation is balanced with cell death, ensuring that tissues and  yytations often activate growth-promoting signals that drive cells to divide
organs maintain their proper size and function. This balance is controlled bya  yncontrollably. For example, the Ras family of genes encodes proteins that
complex network of signaling pathways, growth factors, and regulatory proteins.  arg involved in transmitting signals from cell surface receptors to the nucleus,
However, when this regulation is disrupted, it can lead to the uncontrolled  promoting cell growth and survival. Mutations in Ras can lead to its constant
proliferation of cells, a hallmark of cancer. Cancer arises when cells begin to agtivation, causing the cell to continuously proliferate. Similarly, mutations
grow and divide uncontrollably, forming tumors and eventually invading other i genes that encode growth factors or their receptors, such as Epidermal
parts of the body. The transformation from normal cell growth to uncontrolled  Growth Factor Receptor (EGFR), can also result in constant stimulation of
proliferation is a multistep process that involves genetic mutations, epigenetic  the cell cycle [4]. Another critical class of genes in cancer development are
alterations, and aberrant signaling pathways. Understanding the link between  tmor suppressors, which normally act to inhibit cell growth and prevent the
cell growth and cancer is crucial for developing new therapeutic strategies o agcumulation of mutations. When these genes are mutated or inactivated, cells
treat this devastating disease. can bypass normal growth control mechanisms and proliferate uncontrollably.

At the core of normal cell growth is the cell cycle, a series of stages that The p53 tumor suppressor is the most well-known example, as it is mutated in
cells go through as they prepare for division. The cell cycle is composed of ~ alarge percentage of cancers.

Introduction

several phases: G1 (gap 1), S (synthesis), G2 (gap 2), and M (mitosis). In Under normal circumstances, p53 is activated in response to DNA
91: 09"3 grow and carry out their normgl fgnctlons: while in S phase, DNA  gamage and can induce a temporary cell cycle arrest to allow for DNA repair.
is replicated. In G2, cells prepare for mitosis, and in the M phase, the cell | the damage is too severe, p53 can initiate apoptosis, effectively eliminating

undergoes division to produce two daughter cells. Throughout the cell cycle, damaged cells that could become cancerous. When p53 is mutated, cells
checkpoints are in place to ensure that the cell only progresses when it is can evade these protective mechanisms and continue to divide, even in
ready, such as checking for DNA damage before replication or mitosis. These the presence of genomic instability. Other tumor suppressors, such as the
checkpoints are crucial for maintaining the integrity of the genome, and any Retinoblastoma protein (Rb), BRCAL, and PTEN, also play crucial roles in

defects in these processes can lead to abnormal cell growth [1]. preventing uncontrolled cell growth. Mutations in these genes can promote
tumorigenesis by removing key barriers to cell proliferation [5]. Epigenetic
Description changes are also an important factor in the development of cancer. Unlike

genetic mutations, which involve changes to the DNA sequence, epigenetic
changes involve modifications to the structure of the genome that can affect

The regulation of the cell cycle is primarily controlled by cyclins, Cyclin- o ; .
g 4 P y y oy y gene expression without altering the underlying DNA.

Dependent Kinases (CDKs), and tumor suppressors. Cyclins are proteins
that bind to and activate CDKs, which then phosphorylate other proteins to DNA methylation and histone modifications are two major epigenetic
drive the cell through various phases of the cell cycle. Cyclins are synthesized mechanisms that can silence or activate genes. In cancer, the silencing of
and degraded at specific points in the cell cycle to ensure that each phase is  tumor suppressor genes through DNA methylation or histone modification can
properly completed before the next begins. Tumor suppressors, such as p53 lead to the loss of their protective functions, while the activation of oncogenes
and Retinoblastoma protein (Rb), act as brakes on cell cycle progression. For through similar mechanisms can promote cancer progression. For example,
example, the Rb protein prevents the cell from advancing from G1 to S phase hyper methylation of the promoter region of the p16INK4a tumor suppressor
by binding to and inhibiting E2F transcription factors, which are required for the gene can lead to its silencing, removing a critical checkpoint in the cell cycle.
expression of genes necessary for DNA replication. p53, often referred to as Similarly, histone modifications that favor the expression of oncogenes such as
the "guardian of the genome," is a transcription factor that becomes activated ¢-Myc can drive uncontrolled proliferation. In addition to genetic and epigenetic
in response to DNA damage and can induce cell cycle arrest, apoptosis, or changes, cancer cells often acquire alterations in the signaling pathways that
senescence [2]. In contrast to these growth-promoting signals, there are also  regulate cell growth and survival. These alterations can make the cancer
numerous signals that inhibit cell proliferation, ensuring that cell growth does  cells less dependent on external growth signals and more reliant on internal
not go unchecked. For example, growth factors such as Transforming Growth mechanisms that drive their proliferation.

Factor-Beta (TGF-B) can inhibit cell cycle progression, while other molecules
such as p21 and p27, which are induced by tumor suppressors like p53, can
bind to and inhibit CDKs, preventing cells from progressing through the cell
cycle [3].

One of the most common signaling pathways implicated in cancer is the
PI3K/Akt pathway. In normal cells, this pathway is activated by growth factors
binding to receptor tyrosine kinases on the cell surface, leading to the activation
of Phosphoinositide 3-Kinase (PI3K) and subsequent phosphorylation of Akt.
Activated Akt promotes cell survival and growth by inhibiting pro-apoptotic
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Wnt pathway, such as the APC tumor suppressor gene, can lead to the
accumulation of B-catenin and its uncontrolled activation of growth-promoting
genes. This can result in aberrant cell proliferation and tumor formation.

Conclusion

The link between uncontrolled cell growth and cancer highlights the
importance of maintaining proper regulation of cell cycle progression,
apoptosis, and DNA repair. When these mechanisms are disrupted, cells
can begin to proliferate uncontrollably, leading to the formation of tumors
and, in some cases, metastasis. Understanding the molecular and cellular
changes that drive cancer has led to the development of targeted therapies
that aim to correct these aberrant processes. For example, drugs that inhibit
specific components of the PI3K/Akt pathway or the EGFR receptor have
been developed and are used in the treatment of various cancers. Other
strategies, such as immunotherapy, aim to harness the body's immune system
to recognize and eliminate cancer cells. While progress has been made,
there is still much to learn about the complex interactions between cell growth
regulation and cancer, and continued research is essential for the development
of more effective treatments.

Acknowledgement

None.

Page 2 of 2

Conflict of Interest

There are no conflicts of interest by author.

References

1. Saginala, Kalyan, Adam Barsouk, John Sukumar Aluru and Prashanth Rawla, et al.
"Epidemiology of melanoma." Med Sci 9 (2021): 63

2. Davis, Lauren E., Sara C. Shalin and Alan J. Tackett. "Current state of melanoma
diagnosis and treatment." Cancer Biol Ther 20 (2019): 1366-1379.

3. Chan, Pui Ying and Pippa G. Corrie. "Curing stage IV melanoma: Where have we
been and where are we?." Am Soc Clin Oncol Educ Book 44 (2024): e438654.

4. Zelder, Felix, Marjorie Sonnay and Lucas Prieto. "Antivitamins for medicinal
applications." Chembiochem16 (2015): 1264-1278.

5. Mucha, Patryk, Filip Kus, Dominik Cysewski and Ryszard T. Smolenski, et al.
"Vitamin B12 metabolism: A network of multi-protein mediated processes." Int J Mol
Sci 25 (2024): 8021.

How to cite this article: Rok, Chiara. “Cell Growth and Cancer: The Link
Between Uncontrolled Proliferation.” J Cytol Histol 16 (2025): 776.



https://www.mdpi.com/2076-3271/9/4/63
https://www.tandfonline.com/doi/abs/10.1080/15384047.2019.1640032
https://www.tandfonline.com/doi/abs/10.1080/15384047.2019.1640032
https://ascopubs.org/doi/abs/10.1200/EDBK_438654
https://ascopubs.org/doi/abs/10.1200/EDBK_438654
https://chemistry-europe.onlinelibrary.wiley.com/doi/abs/10.1002/cbic.201500072
https://chemistry-europe.onlinelibrary.wiley.com/doi/abs/10.1002/cbic.201500072
https://www.mdpi.com/1422-0067/25/15/8021

