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Are some cancers more genetic than others?

Cancer is defined as a disease caused by an uncontrolled division of abnormal cells in a part of
the body. Cancer is a genetic disease that is brought about when changes occur to genes that
affect their function. DNA consists of nucleotides and these are read as codons, which are three
DNA bases that code for a specific amino acid to make a protein. When a mutation occurs, the
sequences of these nucleotides change, so different codons are read and therefore a different
protein may be coded for. Some cancers are more genetic than others due to the way that they
have arisen. A cancer is more genetic when it has been inherited from parents or induced by a
random mutation. The cancer is less genetic when it is acquired during someone’s lifetime due to
environmental factors. This can be as a result of exposure to substances or UV light that damages
the DNA and can lead to somatic changes. The mutations within DNA that lead to cancer also
vary as they may affect just one nucleotide, for example swapping nucleotides, it being missing
entirely or there may be larger changes to the DNA such as rearrangements, deletions or
duplications. Additionally, epigenetic modifications can alter how the DNA is expressed as it
removes or adds chemical marks and affects the amount of mMRNA that is produced. Therefore
there are also different alterations that affect how some cancers are more genetic than others.
This review will also discuss the treatments available in order to understand why this topic is
important and relevant when researching cancer.

A gene is a basic unit of heredity and a sequence of nucleotides in DNA or RNA that encodes for
either RNA or a protein. There are certain changes to the genome which allow for increased cell
growth and these are changes to oncogenes and tumour suppressor genes. Oncogenes promote
cell growth and reproduction, so if a mutation were to occur on this gene, its function may be
altered and cell growth may be over promoted, leading to a tumour. Tumour suppressor genes act
against oncogenes so if a mutation were to occur on these, the inhibition of cell growth would be
disabled which could lead to cancer development. For example, TP53 is a tumour suppressor gene
that protects the genome against cancer as it can detect DNA damage and stop cells from
replicating. Therefore if a mutation occurred that rendered its function, it cannot detect the damage
and the cells are allowed to proliferate. An example of an oncogene is EGFR. This is an epidermal
growth factor receptor that receives signals that tell the cell to grow. If a mutation occurred that
caused it to always be switched on, there may be more signals than there should be which may
cause cancer development, so therefore over action is bad. Oncogenes do not only affect cell
growth, but also DNA repair and other properties such as the Hallmarks of Cancer which
determined different principles for understanding neoplastic diseases and included factors such as
resisting cell death and sustaining proliferating signalling. Factors such as epigenetics or
chromosomal abnormalities can affect these genes and lead to cancer. Epigenetics is how genes
work and the modification of gene expression to turn certain genes on and off. Epigenetics is
important within cancer due to the effects that changing the gene expression can have. For
example, when DNA methylation occurs on the promoter region, it alters how transcription factors
bind, so if it is methylated, factors do not bind as effectively and protein production decreases.
Similarly, this can happen to nucleosomes which consist of histone proteins and DNA. Histone
acetylation causes the DNA to loosen around the histones as it diminishes the electrostatic affinity
between histone proteins and DNA, and thereby promotes a chromatin structure that is more
susceptible to gene transcription. This change in transcription and gene expression has been
linked to tumour development as it affects key genes regulating cellular functions such as cell
proliferation, cell-cycle regulation and apoptosis. The epigenetic changes make the cancer less
genetic than random mutations to TP53 for example, so therefore how genetic a cancer is can be
determined through the way that it has been brought about. Another way that a cancer inducing
mutation can occur is through large chromosomal abnormalities, and these make the cancer more
genetic as they occur through random mutations. However, these are more rare as they are easier
for the body to detect as they are larger than other mutations. It may be the loss of an arm of a
chromosome, known as chromosomal deletions or the addition of chromosomes or chromosomal
translocation. It was interesting to look at the Philadelphia chromosome which is a reciprocal
translocation involving chromosomes 9 and 22 that is commonly identified in chronic myelogenous
leukaemia (CML). The fusion gene encodes a tyrosine kinase signalling protein that leads to
uncontrollable cell division. Therefore, these fundamental genetic principles demonstrate how
different factors can contribute and cause cancer.



There are different factors that affect the development of cancer and therefore how genetic the
cancer may be. When external factors such as the sun and UV light cause cancer, this will mean
that the cancer will be less genetic than if the cancer is due to a random mutation or a cancer
syndrome. UV radiation causes mutations and physical changes to the DNA through wrong
nucleotide pairings which can cause the DNA to break or even cause dimers. When your skin is
unprotected from the sun, UV radiation can damage your DNA and if this cannot be repaired, the
cell can begin to divide and grow in an uncontrolled way. This growth can eventually lead to
cancer. In the paper ‘The Repertoire of Mutational Signatures in Human Cancer’, it is interesting to
look at the number of mutations contributed by each mutational signature for different tumours. For
example, in skin-melanomas it is predominantly the signature related to UV light exposure that
caused the development of that cancer. Therefore it has been identified that UV light and external
factors do have a large role in causing cancer, showing how this cancer is less genetic than others
through the way that it is brought about. Additionally, smoking can also cause cancer and is
brought about by lifestyle choices. Cigarettes contain carcinogens that cause DNA damage
through different mechanisms. This involves the alterations of oncogenes, inactivation of tumour
suppressors, evasion of apoptosis genes, and defective DNA repair genes. For example, they may
cause cells to divide at a faster than normal rate, which could increase the chances that DNA
changes will occur. Therefore it can be seen that the factors that cause cancer and the way that it
is brought about determine how genetic the cancer is and there are also many different
mechanisms and elements which may stimulate cancer development.

On the other hand, cancers can be more genetic than others as they can occur through random
mutations. A cancer syndrome is a genetic disorder in which inherited genetic mutations in one or
more genes predispose the affected individuals to the development of cancers and may also cause
the early onset of these cancers. This is a Mendelian disorder and an example includes Li-
Fraumeni syndrome. This mutation occurs in the tumour suppressor gene TP53 and it greatly
increases the patients chance of developing several types of cancer. It is interesting to see that of
200 Li-Fraumeni syndrome family members diagnosed with cancer, 15% developed a second
cancer'. This can also be seen in BRCA1. This is a tumour suppressor gene that produces
proteins that help repair damaged DNA. The loss of BRCA1 function renders the tumour
hypersensitive to chemotherapeutic agents that include DNA double-strand breaks. The paper
‘Hypermethylation of BRCA1 gene: implication for prognostic biomarker and therapeutic target in
sporadic primary triple-negative breast cancer’ showed that BRCA1 methylation significantly
correlates with basal-like breast cancer therefore showing the effects that genetic cancer can have
and how this is a more genetic cancer than others that have been previously discussed.

Although there are many factors that cause cancer and affect how genetic it is, there are also
different treatments that can either cure a patient or increase their life expectancy. One option is to
undergo surgery to remove the mutated cells. Although this can be hard if metastasis has occurred
and the cancer has spread or if the cancer is hard to reach. A different treatment includes radiation
therapy where ionising radiation is sent out in a small beam to the cells. This can reach all cancers
and it minimises the damage to healthy cells. On the other hand, chemotherapy can also be used
which is where drugs are given to the patient to target the cancerous cells. As the cancer cells are
constantly undergoing the cell cycle, the drugs target these cells and can induce apoptosis. These
are important to minimise the number of cancer deaths and research is key in order to discover the
mechanisms of inactivation of some cancers to provide novel therapeutic strategies targeting.
Additionally, transplants are also an option such as a bone marrow transplant where the mutated
blood cells are removed and new ones are created. Overall, it is often the case that combination
therapy is used to treat cancer in order to prevent the resistance of the cancer cells to any
treatment and to spread out the treatments in order to minimise the damage to healthy cells.
Additionally, there are new chemotherapy options available such as antimetabolites that prevent
the formation of new DNA and RNA by using ‘fake’ nucleotide bases that are incorporated but do
not work which leads to DNA damage and apoptosis as well as topoisomerase which inhibits the
unwinding enzymes of DNA so it cannot unsupercoil which causes stress to build up so there is no
replication or transcription. Therefore the understanding of these novel treatment is important to
create new ones that could potentially defeat some cancers. This demonstrates how there are
many different treatments available but also how these treatments and research are extremely
relevant and important in order to fully understand the disease and its effects.

1 https://academic.oup.com/jnci/article/90/8/606/987603



To conclude, there are many different mutations that can occur and bring about cancer and these
can affect oncogenes or tumour suppressor genes. These are very small changes to the genes,
but there may also be larger changes including large chromosomal abnormalities. These
abnormalities make the cancer more genetic as it has occurred through a random mutation
whereas epigenetic changes mean that the cancer is less genetic. Cancer development can also
occur through DNA methylation where transcription factors don’t bind as effectively which
deceases protein production or through histone acetylation where the DNA losens around histones
so the DNA can be transcribed, increasing gene expression. How genetic a cancer is can also be
determined through the external environments and lifestyle choices. When a cancerous mutation
arises through a lifestyle choice such as smoking or exposure to UV light, the cancer is considered
to be less genetic than if it is through a random mutation or due to a cancer syndrome. Although
cancer brought about through inheritance or UV light both affect genes, it is the way that it is
brought about that determines how genetic it is. Finally, the different treatments are interesting to
look at through the way that each option targets the cancer and it is through the tumour
microenvironment that the correct treatment is decided and undertaken, making these treatments
very relevant in this review to understand and cure many cancers and to be able to aid research
and cancer treatments. It in interesting to see that new cancer treatments are constantly being
developed with different technologies currently under trial and ‘nano medicine is contributing to the
development of biocompatible materials both for diagnostic and therapeutic purposes’2. Therefore
these novel technologies and treatments will help to fight cancer and hence why it is so important
to understand how the disease works in order to treat it.
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