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Abstract

Most of the mutations that accumulate in somatic cells throughout the life time of a person do not have any effects but some

mutations can cause serious consequences like cancer (which after originating from a a single cell due to mutations in the genome

starts to behave abnormally). There was a limited information of mutational processes and its consequences but recent advances in

genome sequencing technologies due to unprecedented efforts has greatly revolutionized our understandings in this regard. In this

review, | have briefly summarized about our current knowledge of the somatic mutations that that lead to cancer, its causes, possible

ways which we are using for further studies and future premises.
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Introduction

Just like nothing has contributed to the flourishing of physics
more than war, nothing has stimulated the development of biology
more than cancer [1]. Cancer is responsible for one in eight deaths
worldwide [2]. Genome determines the structure and functions of
all organisms. At the time of identification of DNA as the carrier of
genetic information, it was assumed to be a very stable molecule
[3]. Genomes are very stable to continuously provide functions
over the life time. Yet, they are far from immutable [4]. Later, it
became clear that DNA is highly vulnerable to damage under
physiological conditions. DNA mutations are changes in the genetic
code and these mutations vary from the large chromosomal
aberrations to smaller deletions, insertions and base substitutions.
This tendency of DNA to undergo mutations is called as genome
instability [4]. Free radicals generated due to cellular stressors,

environmental stressors, and errors that occur during cellular

replication increases the risk of mutations [5] by causing damage to
DNA. Normally mutations are repaired by DNA repair systems but
if the stressors cause mutations within the DNA mismatch repair
or replication systems, then this can cause irreversible damage
and loss of original genome template [4]. Loss in function of a gene
can take place because mutations can build up faster than repair
mechanism [6]. Exposure to UV radiations and certain chemicals
compounds are also major causes of mutation. These mutations

can cause serious outcomes in the form of diseases.

Rate of somatic mutations differ among different genome
like

retrotransposons and telomeres, mutation rate is much higher

sequences. At areas micro-satelites, mini-satelites,
because of the presence of repeat elements [4]. According to
Sturtevant [7] genetic material is mutable at the rate subject to
natural selection and too high or too low rate of mutations can

lead to the extinction of a specie. DNA mutations are considered
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Figure 1: The genome contains all the information for the func-
tions of the somatic cells but alterations in genome due to dif-
ferent mutagens can cause loss of instructions for the functions.
These alteration in the genome can lead to serious consequences

in the form of diseases like aging and cancer.

as hallmark for diseases like cancer [8], and aging [9]. The best
documented consequence of somatic mutations is cancer [10]. The
Cancer Census contains 572 genes [11] out of which approximately
90% are altered by somatic mutations. Ernest E Tyzzer [12] firstly
used the term ‘somatic mutation’ with respect to a tumor. In 1919,
Whitman [13] and David Hansemann [14] expanded the view of
somatic mutations in cancer. According to David Hansemann,
anaplasia was a hallmark of cancer and according to Whitmann,
tumor cells were displaying anaplasia as mutated cells. But it
became an irrefutable evidence only in1970s that cancer was a
genetic disease caused by cycles of mutations [15]. According
to Boveri, failure of cell division triggered cancer [16]. Recent
studies tell us that all the cancers are caused by somatic mutations
[17] that accumulate over the life time of a cancer patient [4].
Somatic mutations found in cancer genomes [18] are because of
intrinsic slight infidelity of DNA replication machinery, exogenous
or endogenous mutagen exposures, enzymatic modification of
DNA or defective DNA repair. Because all the cancers arise due
to somatically acquired changes in the DNA of cancer cell, that
does not mean that all of these mutations are involved in the
development of cancer. Due to recent studies it is highly expected

that some mutations do not contribute at all [5].

Out of thousands of mutations only a handful of mutations
have been positively selected [18]. To clearly express this concept,
we use the terms ‘driver’ and ‘passenger’ mutations. Most of the
somatic mutations are ‘passengers’ and these mutations do not
take part later in causing diseases and these mutations often occur

during cell division without any functional consequences. However,

15
there are strong evidences that ‘driver’ mutations contribute to
the development of cancer [5] and these are the mutations that
conferred growth advantage. Studies have shown that there are
several factors that are associated with increased risk of somatic
mutations that cause cancer. Exposure to mutagens such as tobacco
smoke can highly increase the risk of cancer. In lung cancer, the
smokers on average are 10-fold more at risk of somatic mutations
in their cancer genomes as compared to non-smokers [19]. Age is
another factor to consider because despite the presence of cancer
in young people, the incidence and mortality of cancers increases
exponentially with age [20]. Cellular aging leads to increase in
mutational frequency and increased risk of carcinogenesis as
genes responsible for replication begins to loss frequency [6].
It is an interesting feature that the somatic alterations are not
frequently observed under the age of 50. However after the age of
50, detectable somatic alterations increase frequency. According
to arecent study, frequency of mosaicism (state of being composed
of cells of two genetically different types) increases exponentially
with age [21]. Age-related increase in cancer risk is the universally
accepted model of cancer. Now it is clear that somatic mutations
in tumors id significantly higher in old patient as compared to
young one [22]. The development of DNA sequencing by Sanger
[23] allowed rapid examination of the genetic material contained
by cancer cells. The rate at which somatic mutations occur in
cancerous tissues are studies via sequencing and used to identify
patterns in a tumor’s growth state [24]. Multiple independent
studies used Sanger sequencing of some exons of a cancer gene to
provide clues to the aetiology of both endogenous and exogenous

factors of human carcinogenesis.

The central goal of cancer genome analysis is the identification of
cancer genes that carry driver mutations. However differentiation
of drivers from passenger mutations is is the key challenge. The
clustering of driver mutations in the subset of genes that are cancer
genes is the clue which is used for the identification whereas,
passenger mutation are randomly distributed. TP53 was usually
selected for this analysis due to its higher prevalence of somatic
mutations in almost all tumor classes [25]. The first release of
the IARC TP53 database contained approximately 3,000 somatic
mutations [26]. While the most recent (R16) version released in
2012 contains almost 30,000 somatic mutations in TP53 [27].
Recent advances in genotyping and sequencing technologies have
enabled the resolution for characterizing genetic mosaicism which
were previously not well characterized allowing for detection of
somatic events in a small fraction of cells and even down to the

single cell level. The examination of cancer exons (even whole
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cancer) genome is possible due to the development of next
generation sequencing. A lot of work has been done without any
doubt but still these studies are limited if we consider current
population based studies in their ability to detect small mutated
clones that effect small proportions of cells. These studies have
limits of detection ranging from 5% to 15% of cells affected which
are like the observing the tip of an iceberg [28]. Next generation
sequencing studies are revealing patterns of somatic substitutions
in different cancer types. The next generation sequencing is
providing a deep look into the patterns of DNA changes across
cancer genomes while resolving some of the previous limitations
from TP53 studies.

Conclusion and Future Prospective

Though somatic mutations (in a moderate amount) are
necessary because of their role in the adaptation of an organism
in the environment but because it occurs randomly, it has more
adverse effects in the form of diseases like cancer. For long, our
knowledge of somatic mutations and its role in causing cancer
was limited and unclear but recently made unprecedented efforts
have greatly enriched our understandings in combating this issue.
Despite of all these efforts, still much work is needed to done in
this regard because of various unclear concepts still waiting to be

resolved. Some of the unclear issues are:

e The study of established cancers has provided many clues
about the temporal evolution of cancers, but many gaps in our
understanding remain. It seems that a clone must acquire a
handful of driver mutations to transform into a cancer. Despite
of many years of systematic sequencing of thousands of cancer
genomes, we have not yet determined the number of driver

mutations required to make a tumor.

e  Over millions of years, species have evolved protective mecha-
nisms to keep the incidence of cancer low. These include high-
fidelity replication, DNA repair pathways, cellular senescence,
stem cell hierarchies, tumor suppressor genes, immune sur-
veillance, and micro environmental control of cellular behav-
ior. Given the availability of protective mechanisms against

cancer, why does cancer still exist?

e  Together with the roughly geometric rise in cancer incidence
predicted by the stepwise model of cancer, these evolutionary
considerations can help to explain why cancer incidence is
low, but not zero, in the young, as well as why incidence rises

rapidly later in life.
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