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ABSTRACT 
 

Increased propensity of alterations in the genome during the life cycle of cells is called as genomic instability. 
It is a major cause of oncogenesis. There are four major mechanisms that control the genome instability 
while the normal cells divide. These mechanisms are DNA replication of high precision and accuracy in S-
phase, mitosis involving precise chromosome separation, correct repair of infrequently occurring DNA dam-
age, and cell cycle development in synchronized manner. This briefly throws light on processes at molecular 
level that play significant role in preventing oncogenesis through genomic instability. 
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INTRODUCTION 

Genomic instability as a major driving force of tu-
morigenesis. In normal circumstances, healthy so-
matic cells undergo cell division to form exactly 
same duplicate genome that equally divides to form 
daughter cells containing same genetic material as 
parent cells. Abnormally high number of errors in 
cell division results in various nature of genome al-
terations and aberrations in the daughter cells [1-4]. 
Some of these important alterations include specific 
genes mutations, gene amplifications, rearrange-
ments or deletions of chromosome segments, entire 
chromosome gain or loss etc. Increased frequency of 
alterations in genome sequence may impair cell di-
vision cycles, uneven cell growth and death, and ul-
timately cancer. As stated earlier, genomic instability 
is defined as higher chances and tendency of ge-
nomic alterations in cell division process. Here, ge-
nomic instability results due to failure of parental 
cells to duplicate the genome accurately and for-

mation of daughter cells with inaccurate distribution 
of the genomic material. The process of cell division 
in normal tissues proceeds with high-fidelity, regu-
lated tightly to avoid neoplasm and cancer initiation. 
at the molecular level process of oncogenesis can be 
viewed as a series of cell divisions that involves ac-
cumulation of genomic alterations. A pre-cancerous 
cell formation from a normal cell can be seen as re-
sult of alteration(s) of vital genes in a progenitor 
cell. Not all pre-cancerous cells may lead to cancer, 
however add on genomic alterations can allow their 
further growth to initiate cancer. Consequently, in-
creased number of neoplastic cells can consolidate 
to a clinical stage that can be diagnosed as cancer. 
Further genetic alterations among the cancer cells 
can result in subpopulations of cells with even more 
aggressive properties [5-10]. Thus, the accumulation 
of genome with altered sequences is a triggering 
factor and an impetus for tumorigenesis. During ne-
oplastic transformation and progression, genetic 
changes occur and accumulate in distinct subsets of 
cell populations, establishing a critical point in this 
model of tumorigenesis. Thus, heterogeneity ob-
served in cancer can be attributed to the diverse 
genetic background among the cancer cells. 

Mechanisms of genomic stability 

Major mechanisms used to maintain genomic integ-
rity. Since uncontrolled cell growth results in cancer, 
and tumorigenesis is triggered by the accumulation 
of genomic alterations during cell, it becomes im-
perative to understand how genomic stability is pre-
served during cell divisions and tumorigenesis is 
averted during normal tissue growth.  Genomic sta-
bility during normal cell division process follows 
four mechanisms: (i) DNA replication of high preci-
sion and accuracy in S-phase, (ii) mitosis involving 
precise chromosome separation and distribution 
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among daughter cells (iii) correct repair of infre-
quently occurring DNA damage in all phases of cell 
cycle, and (iv) checkpoint control with progress of 
cell cycle. Other mechanism(s) can be considered as 
outcome of genomic instability and may aid in de-
velopment of cancerous cells. Such mechanisms in-
clude apoptosis (programmed cell death) and senes-
cence (loss of cells ability to grow and divide). In all 
four mechanisms numerous molecular processes are 
involved. For example, in the S-phase, the entire ge-
nomic DNA duplication is an accurate process with 
high fidelity occurring only once for a cell and only 
once per cell cycle. Genomic instability is evident 
with any tendency for errors in this process [11-14].  

The major mechanisms to minimize genomic altera-
tions in association with DNA replication are as fol-
lowing. (i) proofreading activities by DNA polymer-
ases and High-fidelity of base-pairing. (ii) Mismatch 
repair machinery mainly in repeat DNA sequences, 
mismatched bases, and replication slippage resulting 
in secondary DNA structures (iii) Timely resolution 
of slowed down replication forks. Various forms of 
replication blockages often pause or even collapse 
DNA replication forks. Timely re-start of replication 
process ensures duplication of the genome in entire-
ty and minimizes the likelihood of further genome 
alterations. Proteins of homologous recombination 
and other DNA repair processes are required for this 
process. (iv) Maturation of Okazaki fragments. While 
DNA synthesis proceeds, multiple Okazaki fragments 
represent duplicated lagging strand. RNA primer 
and a short DNA segment (i.e. a segment) at the 5′ -
end of each Okazaki fragment is a synthesized by a 
low-fidelity DNA polymerase. The DNA segments 
and the RNA primers are removed before the liga-
tion of Okazaki fragments. Here, genomic alterations 
may results with dysfunction in Okazaki fragment 
maturation.     (v) Replication licensing mechanisms 
to ensure that the entire genome is duplicated com-
pletely once and only once per cell cycle [15-19]. The 
assembly of pre-replication complex at the site of 
replication origin before S-phase probably controls 
this regulation. (vi) Newly synthesized DNA is re-
assembled into chromosomes in co-ordinated man-
ner. (vii) Other critical mechanisms for accurate rep-
lication include exact duplication of epigenetic signa-
tures on the newly synthesis DNA and chromatin 
telomere maintenance. 

Interrelating genomic stability with cancer 

It is significant to note that the outcome of the DNA 
repair varies in fixing genomic instability. Rear-
rangements of genome segments or alterations on 
the DNA sequence may take place while execution of 
some of the repair processes to fix DNA double helix 
chemical damages. This type of repair is commonly 
called as ‘error-prone’ repair. Noticeably, it may lead 
to genomic instability, although it can prevent fur-
ther genomic alterations otherwise arising from the 
initial DNA damage [20-24]. In contrast, ‘error-free’ 

repair processes may not only preserve the original 
genome structure, but also fix the chemical damage 
to the DNA, an example is the repair of DNA DSBs. 
The ‘error-free’ homologous recombination repair of 
DSB is less likely to cause genomic alterations. Con-
versely, the non-homologous end-joining pathway 
carry high risk of mutations and/or genome rear-
rangements, hence ‘error-prone’. Nonetheless, the 
basis of this classification is relative risk to produce 
errors. Accordingly, it is to be remembered that the 
‘error-free’ repair sometimes undeniably causes er-
rors and the ‘error-prone’ repair does not always 
produce errors [26-30]. 

Cell cycle progression is co-ordinated by Check-
points. The progression of the cell cycle is highly 
coordinated since the cell division is conducted in an 
orderly, systematic and logical manner. Significant 
propensity for genomic alterations is evident with 
premature entry of a cell into the next cell cycle 
phase [31-35]. Checkpoints at every phase of the cell 
cycle are built to ensure smooth progression from 
one phase to the next with minimum risk of genomic 
alteration. Removal of risk factors (such as spindle 
abnormality prior to anaphase, DNA damage in 
G1/S/G2 phase, etc.) by delaying the entry into the 
next phase reduces the risk of genomic alterations. 
In addition, severely damaged or high risk cells from 
the dividing pool are eliminated by cell cycle check-
points that effectively trigger some processes (e.g. 
mitotic catastrophe, apoptosis, and senescence) [36-

41].  

CONCLUSION 

The relationship between genomic instability and 
cancer is complex and almost every major aspect of 
cell and molecular biology is involved. In this review, 
we collect nine review articles to cover few aspects 
related to DNA replication, DNA damage response 
and repair, and to exemplify their implications in 
cancer therapy. The specific topics are restart of 
stalled replication forks, replication licensing, matu-
ration of Okazaki fragments, RecQ and Blm helicases 
in resolving stalled replication forks, RAD9 check-
point protein in tumorigenesis, microRNA regulation 
of p53, epigenetic regulation of DNA damage repair, 
DNA repair polymorphism and cancer risk, and syn-
thetic lethality and viability in the context of tumor-
igenesis and therapy. Although the cell cycle check-
points and regulation of mitosis are integral parts of 
the genome stability maintenance system, reviews in 
these aspects are not included due to space limita-
tion. 
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