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Abstract

The fundamental cause of cancer is an accumulation of genetic and genomic mutations that disrupt normal cellular
homeostasis over time. Extensive research has established that mutations in oncogenes, tumor suppressor genes, and DNA
repair genes, together with dysregulation of apoptotic pathways, play pivotal roles in tumor initiation, progression, and
metastasis. These genetic abnormalities alter critical cellular processes, including cell proliferation, genomic stability, DNA
damage response, and programmed cell death, thereby facilitating malignant transformation and disease progression. This
review highlights the molecular mechanisms underlying the genetic determinants of cancer, emphasizing the contribution of
inherited and acquired genetic alterations to carcinogenesis. It also discusses the interplay between diverse genetic factors
and their impact on tumor heterogeneity. A comprehensive understanding of the genetic basis of cancer is essential for
developing more effective therapeutic interventions and improving clinical outcomes in patients with diverse malignancies.
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Introduction Any kind of disruption in its regulation can lead to

Cancer is one of the most serious, fatal, and multifactorial
diseases in the world. Over the past few years, cancer
cases have been prevalent globally, causing the deaths of
millions. While chemical carcinogens, radiation, and
various environmental factors are often believed to be the
main causes of cancer, these external agents actually act
by triggering mutations in certain genes associated with
cancer. These mutations, once present in the genes, drive
the transformation of normal cells into cancerous ones.
Alterations in the genes having the ability to develop into
cancer cells when mutated and over expressed are
acquired by organism in their lifetime because of
environmental factors like phthalates, bisphenol A, etc.,
and in some cases, these genes get inherited from one
generation to another, forming a chain of disease in every
generation. In cancer, the somatic cells are mostly
involved as compared to the germ cells. That’s why they
are also known as a somatic cell genetic disorder [1].

Broadly, there are two cancer-causing genes: the
Oncogenes and the tumor suppressor genes. The cancer-
forming genes, also known as Oncogenes, under
circumstances like DNA methylation and genetic
These
Oncogenes, upon getting triggered, are activated by

mutation, result in cancer development.
environmental factors, leading to the conversion of
normal cells into malignant ones. The tumor suppressor
gene is a regulatory gene that regulates normal cell
proliferation, apoptosis, etc., and does not lead to

abnormal cells growing out in the body of an organism.
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genetic diseases like cancer. The development of cancer
involves a series of genetic changes within the somatic
cells in the body of an organism, disrupting normal
regulatory functions and mechanisms [2]. This review
helps future researchers focus on the epigenetic and
genetic mechanisms through which cancer evolves,
emphasizing the role of oncogenes, tumor suppressor
genes, and related factors. It also explains how mutations,
methylation, and genetic alterations in somatic cells
transform normal cells into malignant ones, developing
more effective therapeutic interventions and improving
clinical outcomes.

The Evolution of Tumor

Tumorigenesis is a very complex process. The generation
of tumor involves three stages: Initiation, progression
and metastasis. During initiation, normal cells often get
induced by harmful -carcinogen, radiations and
mutations. This step initiates uncontrolled growth. The
progression includes further mutation which helps in the
proliferation and survival strategy of the tumor cells
which helps them to escape from the security
management of the tumor suppressor cell and
death. The step of

tumorigenesis is the metastasis which means that these

programmed cell ultimate
tumor cells will evade from one region to another
through blood stream. Figure 1 indicates the process
through which cancer cells emerge out from normal
proto oncogenic cells. The evidence suggests that every

step of tumorigenesis is enclosed by the stromal cells,
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extracellular matrix and tumor microenvironment [3].
These components form an interactive network around
the tumor cells thus supporting them to grow, proliferate
and to evade cells security system and become resistant
The Claudin protein family (CLDNs)
consists of over 20 major proteins which are helpful in

to therapies.

forming a barrier across cell making them aware about
things passing in or out of them. Any kind of mutations
in these barriers or junction can lead to the formation of
tumor which eventually leads to cancer formation. For
instance, Claudin like CLDN1 presence in brain supports
the tumor suppressor process and any kind of mutation
or deletion or changes in it can lead to brain cancer like
glioblastoma. However, in case of both ovarian and
pancreatic cancer the presence of the CLDN4 is seen and
that too in excessive amount, suggests that it can be used
as a new safe and nontoxic treatment of such cancers in
the near future [4].

IMNormal cells (with Proto-
Oncogenes, Turmor suppressor
genes, DINA repair genes)

| ©

Genetic mutation,/
Epigenetic alteration
(e.g., TP53, RBI)

| ®

Tumorigenesis

lonal expanzion
and tumor growth

Figure 1: Involvement of tumorigenesis during cancer
development
In research done by McFarland et al., it was found that

cells that are not yet fully cancerous attain few mutations
in them which drive them to survive the apoptosis,
proliferate rapidly than normal cell thus forming a large
population or colonies of them [5]. These uncontrolled
behaviors of the precancerous cells push them toward the
stage of becoming fully cancerous. Mitochondrial DNAs
which are common in tumors play a noteworthy role in
by

disrupting the metabolic homeostasis [6]. Studies suggest

cancer initiation, progression and metastasis
that although there can be small genetic differences in the
two cancerous cells but the mutation which cause cancer
are usually same in all parts of the tumor and in its spread
(metastasis) which makes the targeted treatment to work
effectively [7]. There are eight hallmarks of cancer are
there: Sustaining proliferative signaling, evading growth
suppressors, resisting cell death, enabling replicative
immortality, including angiogenesis and activating

invasion and metastasis, deregulating cellular energetic,
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avoiding immune destruction. Underneath all hallmarks
two major factors, namely genetic instability and
inflammation helps drive cancer proliferation [8].

Mutations: The Driving Force

Mutations are the main reason for cancer development.
Be it somatic mutations or genetic mutations both lead to
the fatal disease like cancer. There are many types of
mutation and mutation,

genetic they are point

substitution, insertion, deletion, chromosomal
aberration, copy number variation etc. From the cosmic
database, it has been revealed that most common
substitution occurs in the C-T, G-A and G-T nucleotide
which results in the production of those type of codons
which terminate the protein synthesis. Knowing this
information would help to stop the formation of those
types of stop codons. It has also been revealed that unlike
insertion, deletions are more frequent in case of cancer
with frameshift indels [9].
mutation of tumor suppressor genes plays a key role in
the of There

mechanisms through which it can be done including

The inactivation or the

process tumorigenesis. are many
point mutations, insertion, deletion etc. Prior research
revealed that like
PTEN/MMACI1 tensin

homolog/Mutated in multiple advanced cancers 1)

tumor suppressor genes

(phosphatase and
present in chromosome 10q23 remain inactivated during
glioma, prostate and breast cancer due to point mutation
and homozygous deletion [10]. Cheng et al. through copy
number meta-analysis identifies 16 known tumor
suppressor genes and proposed 27 new candidates, some
of which such as MGMT (O”6-methylguanine - DNA
methyltransferase), RAD17 (RAD17 checkpoint clamp
loader component) have previously established tumor
the suppressive roles [11]. These emphasize how this
mechanism can inactivate tumor suppressor genes and
how the copy number Meta-analysis is essential in
revealing new players in tumorigenesis. Usually, Somatic
mutations are seen to be common in most cases of cancer
as compared to the germ line mutation. These somatic
alteration due to various

mutations occurs

environmental factors. Unlike genetic mutation the
somatic mutation is not inherited but acquired by
organism in their life time and it can be very dangerous.
Somatic alteration impairs the crucial regulatory genes
such as Oncogenes, DNA repair genes, tumor suppressor
body’s
homeostasis. When such important genes get impaired,

genes, etc, and then disrupts cellular

they contribute to the disruption of normal cell cycle,
DNA repair mechanism etc., and causing fatal diseases
like cancer [12]. In comparison to somatic mutation, the
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germ line mutation is inherited from parents to offspring
and is present in every cell of the body as they are present
in zygote, the very first cells of the body. Now these make
such type of cancer very susceptible to familial cancer
syndrome such as BRCA1 and 2 (Breast Cancer gene 1 and
2) in case of breast and ovarian cancer which are two most
common cancers in females [13]. Thus, it can be said that
mutation of the driver key genes whether somatic or
Germline, collectively contribute to various types of
cancer as an outcome [14].

Somatic v/s Germline mutation
Genetic alterations associated with cancer are mainly

classified as Somatic and Germline mutation. Somatic
mutation occurs in non-reproductive parts of body
during an individual’s life time. While they remain
confined to the affected cells, they are not inherited by
offspring. They may contribute to sporadic cancers like
lung cancer, oral cancers etc. In contrast to this Germline
mutation occurs in germ cells and can be inherited by
offspring. As a result, they are found to be present in all
cells of organisms and increased the risk of hereditary
cancers including those associated with BRCA1 and
BRCA2 mutations. Therefore, while somatic mutations
contribute to acquire cancers, the Germline mutations
may underlie inherited cancer susceptibility.

The difference between somatic and Germline mutation
is important from perspective of clinical intervention as
it has its significant effects on the cancer diagnosis, risk
assessment and treatment choices. The somatic mutation
often act as the predictive bio marker for targeted
therapies but Germline mutation can assess individual
and families at higher risk for cancer. Improvements in
next generation sequencing technologies have allowed
for a detailed yet accurate analysis of both somatic and
Germline changes, supporting precision oncology and
enhancing patient’s care [15]

Tumor Suppressor Gene: The Guardian of the

Genome

The tumor suppressor genes are the crucial types of genes
present in the body of an organism which regulate
homeostatic balance between cancerous and non-
cancerous cells. They encode some essential proteins
which prevent uncontrolled cell division, and genomic
instability. Like checkpoints, they maintain a regular
checking on the tumor growth and ultimately suppress
them. Any kind of mutation in them can cause the growth
of tumors, uncontrolled cell division in the body which
ultimately lead to cancer cells or the malignant cell’s
There are of tumor

development. several types

suppressor genes of which Tp53 and RB1 are the main
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one [16]. The Tp53 is actually a tumor suppression factor
which suppresses those transcripts which have the ability
to form cancerous proteins later on. The Tp53 gene
encodes p53 protein, a transcription factor which takes
part in DNA repair, cell cycle arrest and in apoptosis also.
Mutation in it is commonly found in case of 50% cancers.
The Germline mutation in TP53 can lead to the disease
called Li-Fraumeni syndrome [17], [18]. The transition
between the G1 and S phase of the cell cycle is controlled
by RBI1 gene. The RB1 is identified as the first tumor
suppressor gene whose mutation can cause pediatric
retinoblastoma cancer in children. Very small mutations
dominate somatic and germ line mutations in RBI gene
[19]. According to Knudson’s two hit hypothesis, tumor
suppressor gene like RB1 need inactivation of both alleles
for the advancement of tumor growth to malignant one.
In case of hereditary retinoblastoma, one defective RB1
allele is inherited from the germ line mutation whereas
other one from the somatic mutation. In contrast,
sporadic retinoblastoma arises when both mutational
events occur somatically within the same cell. The RB1
has therapeutic significance, as tumors having functional
RB1 shows quick respond to CDK4/6 inhibitors as
compared to those tumors that lacks RB1 and becomes
resistance to these targeted therapies [20].

Defects in DNA repair Genes
The DNA repair genes help in repairing of the DNA. All

total 130 DNA repair genes are known to be described till
now [21]. These DNA repair genes are vital for the
protection of genome stability [22]. The DNA repair
genes protect the cellular DNA from the continuous
attack of the reactive species and environmental agents
inside the cell. Therefore, any kind of defects in them can
lead to the defects in the DNA. Unsuccessful protection
from this damage can lead to the various types of diseases
like cancer. When the DNA repair gene gets defected,
cancer cell starts to build up the genetic instability, which
contributes to the aggressive phenotype of the cancer
[23]. In advanced cells like eukaryotic cells, there are
many mechanisms through which the DNA repair genes
repair or correct the DNA sequences. In humans, such
mechanisms include modification of bases, breaking of
double stranded breaks, DNA crosslinks, etc. Apart from
this there are other mechanisms like direct reversal, base
excision repair, nucleotide excision repair etc. In base
excision repair mechanism, single damaged bases are
the DNA and AP
endonucleases whereas in case of nucleotide excision

removed using glycosylases

repair process, massive lesions like UV induced

photoproducts are removed by excising 25-32 long

74



Nepal ] Biotechnol. 2026 Jul; 14(1):72-79

Table 1: Major DNA Repair pathways, key genes, and their clinical Implications

Upadhyay and Upadhyay.

DNA repair
pathway

Type of DNA
damage repaired

Key Genes/Proteins
involved

Function

Associated Disorders/Cancers

Direct repair

Base excision
repair (BER)

Nucleotide
Excision
Repair (NER)

Double strand
break repair

Base modifications

Single
bases

damaged

Bulky DNA lesions,
UV-induced
photoproducts

DNA double strand
breaks

MGMT

MUTYH,
APE1, PARP1

XPA-XPG
(Xeroderma
pigmentosum
complementation
group A-G)

OGG1,

BRCA1, BRCA2

Removes alkyl groups from
damaged DNA bases

Repairs small base lesions
caused by  oxidation,
alkylation, or deamination

Repairs  bulky DNA
adducts and UV-induced
DNA damage

Repairs breaks in both DNA

strands to maintain
genomic  stability and
prevent chromosomal
abnormalities

Corrects replication errors

Glioblastoma, colorectal cancer;
MGMT promoter methylation
predicts response to
temozolomide

Mutation accumulation, cancer
predisposition

Xeroderma pigmentosum,
trichothiodystrophy, skin cancer

Breast and ovarian cancer

Mlsn}atch .. MLH1, MSH2, MSH6, such as base mismatches Lynch syndrome, colorectal,
Repair Replication errors PMS2 . . . : .
(MMR) and insertion/deletion endometrial, and gastric cancers
loops
Coordinates the recognition
and removal of DNA
DNA DNA repair crosslinks and collaborates
izos;imk DNA crosslinks complexes with NER and HRR Genomic instability
P pathways to restore DNA
integrity.
Remodels chromatin
Chror.natm Complex DNA Multiple repair struc’fure to provide repair '
associated lesions roteins proteins access to damaged Aggressive tumor phenotypes
repair P DNA and facilitates
efficient DNA repair.
Homologous = DNA double strand Repairs DNA double stand
o BRCAI, BRCA?2, . . .
Recombinatio  breaks (DSBs), breaks using a homologous Breast, ovarian, pancreatic, and
. RAD51, PALB2
n Repair collapsed template prostate cancers
(HRR) replication forks
Non-
Homologous DNA double strand KU70, KU80, DNA- Repairs DNA double strand Genomic instability;
End Joining (DSBs) PKcs, XRCC4, LIG4 breaks without a template ~ hematological malignancies
(NHE])
DNA  interstrand
Fanconi crosslinks ~ (ICLs) FANCA, FANCB, . . . . .
Anemia that block FANCC, FANCD2, Rrepagrs;k DNA interstrand FaII;;otmm ar;emla, leukemia and
Pathway replication and FANCI Crossimnis solid tumors
transcription
DNA lesions that
Transle§10n stall replication POLH, POLK, REV1, Allows replication across Increased mutagenesis and
synthesis forks(e.g, UV- REV3L damaged DNA templates cancer susceptibilit
(TLS) induced lesions & P p y
bulky adducts)

nucleotide segments with the help of many proteins. Any

kind of defects in these mechanisms can lead to genetic

disorders

like

Xeroderma

pigmentosum

(XP),

Trichothiodystrophy, etc. [24]. In table 1, all the DNA
repair pathways, different types of damaged repair and

the diseases associated with it are discussed. This table

shows how defects or mutation in the DNA repair

pathway can lead to the different types of diseases and

©NJB, BSN

cancers. People having

XP are very vulnerable of

developing skin cancer because their skin cannot repair

the damaged DNA caused by UV rays. In the same way
BRCA1/2 are also the two DNA repair genes and any kind
of mutation, alteration or defects in them can lead to the

development of breast cancer and ovarian cancer. On the

other hand, there are some genes called mismatch repair
genes (MMR) like MLH1 (MutL homolog 1), MSH2 (MutS
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homolog 2), etc. The mutations in any of these genes can
result in the development of lynch syndrome, which is
said to be responsible for the approx. 3% colorectal cancer
cases. Therefore, DNA repair genes are said to be the
crucial genes present in the body of an organism, which
protects and guards normal cells from developing into
the cancerous cells.

Epigenetic regulation

Till now it has been discussed how various ways through
which genetic alteration occurs and how they ultimately
contribute to the development of cancer. However, it is
not known that there are some pathways which can cause
the risk of cancer and that too without DNA mutation.
These pathways or process can be summarized as
epigenetic regulation or epigenetic pathways which
altered gene expression without mutating the DNA
sequences. When there is an inheritable change in gene
expression without any mutation in the DNA sequences
then that condition is defined as the epigenetics [25].
Importantly, genetic and epigenetic deregulations are not
the independent events but are closely interconnected.
Genetic alteration in key regulatory genes can disrupt
epigenetic machinery, while epigenetic changes can
silence tumor suppressor genes, impair DNA repair
mechanisms, and promote genetic instability, thereby
increasing the accumulation of further genetic mutations.
This bidirectional interaction creates a self -reinforcing
loop that drives oncogenic transformation and tumor
progression. The accumulation of genetic alteration,
which impacts the genomic structure and function, also
caused oncogenic processes. The epigenetic modification
includes the DNA methylation, histone modification,
chromatin remodeling, etc., which work along with
genetic mutation and influence gene expression,
promoting tumor growth and spreads which ultimately
lead to cancer [26]. They do so by silencing the tumor
suppressor gene and at the same time by activating the
oncogenic genes. In case of DNA methylation,
methylation of CpG dinucleotide leads to gene silencing.
Hypermethylation of tumor suppressor genes such as
BRCA1 lead to various types of cancer especially the
breast and ovarian cancer. This epigenetic silencing
results in impaired DNA repair functions, contributing to
genomic instability and tumor development. Mutation in
the chromatin remodeling genes such as SMARCBI,
PBRM1 etc., frequently lead to various types of cancer
such as rhabdoid tumors, ovarian clear cell carcinoma,
renal cell carcinoma etc. The inappropriate expression or
repression of some genes which results from epigenetic
modification can disrupt normal function of cell and lead
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to the formation of tumors. High levels of enzymes which
act as epigenetic modifiers are found to be associated
with the aggressive as well as metastatic breast cancers,
thus contributing to recurrence and poor diagnosis.
Earlier only the genetic changes were considered for
cause of cancer but now the epigenetic causes are also
being considered because they also play an important
role in tumorigenesis. In recent studies, it has been found
that behind the development of many types of tumors
there is a role of the epigenetic modification and not
genetic changes only. The particular DNA methylation
can result in Beckwith-Wiedemann syndrome which is
branded by
accompanied by a strong predisposition to cancer [27].

congenital anatomic malformations

Apoptosis
Apoptosis can be defined as the regulated destruction of
a cell or vital physiological process of cell death. It is
essential for the elimination of damaged and abnormal
cells from body of an organism thus maintaining cellular
homeostasis. This regulated self-destruction is essential
for development, immune function and tissue
remodeling. After doing research, many scientists found
that the process of apoptosis has to occur in very accurate
rate in body. Too much or too little of this process can
cause serious consequences, of which too little can lead to
cancer formation also where abnormal cells do not die.
The apoptosis is tightly regulated by pro-apoptotic (e.g.,
BAX, BAK) and anti-apoptotic genes (e.g., BCL-2, BCL-
XL). There are two major pathways through which
apoptosis occur viz are Intrinsic (Mitochondrial) and
Extrinsic (Death receptor) pathways. The intrinsic
pathway which is controlled by the B-cell lymphoma 2
(BCL-2) families of proteins is conserved from worms to
humans and is important for normal development of cells
[28]. The intrinsic pathway occurs in the mitochondria. In
case of stressed cells, the proapoptotic BCL-2 proteins
caused the permeabilization of the mitochondrial outer
(MOMP)

Cytochrome ¢ (Cyt c) into cytoplasm. This led to the

membrane which results in release of
formation of apoptosome, a protein complex which
activates caspase-9, triggering cell death. On the other
hand, in extrinsic pathway the death receptor such as
CD95, TRAIL-R1/2, upon binding to their ligands form
the death-inducing signaling complex (DISC), leading to
activation of initiator caspases like caspases-8 and,
Any kind of

mutation or down regulation in the DISC can result in

subsequently, executioner caspases.
tumor formation and cancer like diseases [29]. Therefore,
current therapeutic strategies aim to restore apoptosis,

including BH3 mimetic like venetoclax that inhibit BCL2
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and reactivate the intrinsic pathway, p53 reactivation
death-
conventional chemotherapy and radiotherapy that

therapies, receptor targeting drugs, and
induce DNA damage and trigger apoptosis, making
enhancement of apoptotic pathways a key approach in
modern cancer treatment. Apoptosis is closely linked to
tumor suppressor genes, particularly p53, which induces
apoptosis in response to DNA damage. Mutation or loss
of p53, a frequent event in many cancers, impairs this
apoptotic response and promotes accumulation of
oncogenic mutations. Additionally, defects in death
receptor signaling and caspases activation further
contribute to resistance to apoptosis in cancer cells. Thus,
failure of apoptotic mechanisms due to genetic
alterations is a key factor in tumor initiation, progression,

and resistance to cancer therapy [30].

Genetic Alterations in Different types of

Cancers

There are various types of genes which are responsible or
behind the development of different types of cancer.
Mutations in different genes lead to formation and
progression of different cancers. Like in case of breast
cancer not only the BRCA1 or 2 gene but also the genes
like TP53, PALB2 (Partner and Localizer of BRCA 2),
CDH1 (Cadherin 1), STK11 (Serine/ Threonine Kinase 11),
etc., are responsible for its development. Mutations in
BRCA1, BRCA2, PALB2, CDH1, and STK11 are typically
Germline mutations, predisposing individuals to
heredity breast cancer, whereas TP53 mutations are
mostly somatic, although Germline TP53 mutations are
observed in rare hereditary cancer syndromes such as Li-
Fraumeni syndrome [31].

Different genes mvolved different types of Cancer

|
| !

Colorectal

Lung

Cancer Cancer

Figure 2. Possible involvement of different types of genes in
Cancer Biology.

In case of colorectal cancer which is the third most
worldwide cancer in men as well as second most
common in women, genetic alteration includes activation
of proto-oncogenes such as KRAS (Kirsten rat sarcoma
viral oncogene homolog), loss of APC (Adenomatous
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in TP53 and loss of
heterozygosity (LOH) of long arm of chromosome 18,

polyposis coli), mutations
mutations of TGFBR (Transforming Growth Factor Beta
Receptor) and PIK3CA gene. These genetic alterations are
predominantly somatic mutations acquired during
Tumor progression. Additionally, genes such as NRAS
(Neuroblastoma RAS Viral

BRAF (B-Raf
serine/threonine kinase) genes are also involved in

(v ras) oncogene
homolog), proto-oncogene,
colorectal cancer. Lung cancer, which is often thought to
be caused by the tobacco smoking, is much more than
that. Lots of genes play a role in its development. There
are many genes which protect the proto-Oncogenes from
their development into the Oncogenes and mutations in
those genes cause lung cancer. Specifically in non-small
cell lung carcinoma (NSCLC), somatic mutations in EGFR
(Epidermal Growth Factor Receptor), BRAF, MET
(MNNG HOS transforming gene), alterations and gene
rearrangements, and KRAS point mutations are common
along with the Tp53, ALK (Anaplastic Lymphoma
Kinase). Studies analyzing lung cancer cell lines have
further shown that TP53 and either CDKN2A or RB1 are
inactivated in majority of cases, while alterations in
BRAF, MET, ERBB2, and NRAS occur less frequently.
Multiple signaling pathways often converge on the
mTOR pathway, and tumors harboring simultaneous
pathway activations tend to be less responsive to single-
agent targeted therapies, highlighting the need for
combination therapeutic approaches [32]. Chromosomal
translocation which is the most common feature of
genetic alteration can be seen in hematological
malignancies, such as BCR-ABL (Break point Cluster
Region - Abelson Murine Leukemia Viral Oncogene
Homolog 1) fusion in chronic myeloid leukemia (CML).
In case of CML, cancer is driven through constant
tyrosine kinase activity. This fusion is a somatic mutation
arising in hematopoietic cells. Other than those genes like
ASXL1 (Additional Sex Combs Likel), TET2 (Ten Eleven
Translocation 2), etc., are also involved. Figure 2 indicates
how different types of genes present in our body are
responsible for different types of cancer. Usually these
many genes are responsible for control and prevention of
various cancers but mutation in them can lead to the
outbreak of different types of cancer as shown below in
CML and are somatic in nature. Thus, it can be said that
not only one but many types of genes are correlated with
the formation and development of one type of cancer. In
other words, it can be said that different cancer harbors
different genetic mutations, which reflect the genetic
heterogeneity among them. This mutation in the genes
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displays not only the genetic heterogeneity but also
guides us about the way they work in the body of an
organism and help us in tailoring personalized medicines
and targeted therapy.

Conclusion
Cancer is a multifactorial disease and often includes

genetic mutations for its development. Genetic research
and the study of genetics role in cancer have reshaped
and widen our knowledge about cancer. It is not seen as
a disease arising from a single cause but with lots of
genetic as well as epigenetic alteration. It has been
studied how mutation, defects in DNA repair genes,
dysregulation of apoptosis lead to the formation of
Studies
different genes in case of various cancers have shifted

tumorigenesis. suggest that mutations in
cancer research from generalized model to the targeted
therapy. In the near future despite every challenge future
investigation could address tumor heterogeneity,
resistance mechanism of cancer in order to gain early and
equitable access to precision oncology. Despite many
progressions in cancer biology there are still some genes
left whose mutation can result in cancer progression. As
a result, this kind of research on their genes may
contribute to the development of more -effective
personalized treatment plans and ensure that everyone
has equal access to precise cancer care. It may also help
to better understand tumor differences and how they

resist treatment.
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