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Abstract

The development and expansion of cancer are mainly due to heterogeneous genetic structures caused by somatic mutations
and several epigenetic changes. here, the expansion and development of the tumor cell and at the same time how long the
metastatic artis and cancer patients can survive and at the same time the molecular markers that determine this are seriously
evaluated. In addition, the transformation of malignant cells and the basic changes that occur in oncogenes and cells, as well
as indels and point mutations, are discussed in a broad way. One of the researched areas is the effect of polymorphism on
cancer cells and their treatment, its instability, mutational burden, and transcriptomic expressions; and the use of biomarkers
for various purposes, such as prognostic and predictive purposes, is mainly investigated. In addition, many studies- next-
generation sequencing, finding biomarkers of genome association studies, and new changes in the identification of genes up
to the molecular level are also included. In order to improve the treatment results of cancer patients and to optimize the
treatment, the correlation of multi-omic data with medical information is widely used.
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1. Introduction

Cancer is considered a very dangerous disease that has caused the death of many people in the world, and it is said
that it is related to the cases of genetic disorders or mutations that usually occur in normal cells. Malignant tumor
transformation depends on changes in 2 types of genes. Oncogenes can be activated as a result of many changes,
which can be caused by genetic mutation and a number of epigenetic changes. However, despite this, cis suppressor
genes can fully regulate cell proliferation under normal conditions and maintain the overall stability of the genome
[1]. Although Knudson's '2-hit' model has taken a number of important steps to explain information about the loss
of activity of sis genes, subsequent studies have shown that inactivation of sis genes can occur by more complex
means, such as insufficiency and negative dominant effect [2]. Recently, the development of the next-generation
sequencing method and the genetic characteristics of different species of shark have been possible. Essentially,
The Cancer Genome Atlas has revealed somatic mutations, genetic structural differences, and changes in gene
expression in various ways in many malignant tumors [3]. This type of research has helped to find many changes,
including insertions, deletions, and chromosomal anomalies. These differences mainly manifested themselves in
several genes - oncogenes such as EGFR, KRAS, and BRCA1, BRCA2 in tumor cells [1], [4]. The genetic basis
of the risk of cancer is derived from many elements, cloned sis consists of differences and germlines that increase
susceptibility to sis. It has been investigated that hereditary genetic cancer risk and cancer treatment can have a
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high impact on mammary gland and ovarian cancer and Lynch syndrome [4], [5]. Recent studies show that
germline genetic differences have a 20% chance of ovarian cancer and 5% of endometrial cancer [6]. In addition,
molecular biomarkers have an important role in the diagnosis and treatment of cancer. Biomarkers can be used as
more useful tools than previously thought; such biomarkers include microsatellite instability, cis mutational
burden, and gene expression markers. Through this, stratification of patients and making therapeutic decisions can
be easier [7], [8].

Liquid biopsy has emerged as a minimally invasive method for the genetic assessment of tumor cells in the blood,
as well as for monitoring treatment responses and the changes that occur during therapy [7]. Tumor development
primarily arises from the progressive accumulation and interaction of numerous genetic alterations during cancer
evolution. Differences in genetic characteristics among various cancer cell subpopulations within the same tumor
can lead to the formation of tumor heterogeneity. Such genetic diversity can influence a range of clinically
significant characteristics, including tumor aggressiveness, metastatic potential, risk of recurrence, and response
to medical treatments [9]. Furthermore, treatment-resistant subclones may be present within the tumor even before
therapy is initiated. During treatment, these resistant cell populations can rapidly multiply, ultimately leading to
treatment failure and, in some cases, disease progression and death. Genomic profiling has become increasingly
important in determining the molecular characteristics that underlie tumor behavior and influence clinical
treatment outcomes. Among the genomic alterations identified to date, driver mutations are considered the primary
molecular anomalies. The reason for this is considered to be their role in the disruption of key signal transduction
pathways associated with aberrant proliferation and tumor development. Constitutive activation of the RAS-RAF-
MEK-ERK and PI3K-AKT-mTOR signaling pathways can accelerate metastasis by completely halting apoptotic
activity in malignant tumors [10].

As aresult, genetic alterations affecting KRAS and BRAF have attracted particular attention. The primary reason
for this is that these alterations can significantly influence the efficacy of molecularly targeted therapies. Moreover,
genetic alterations affecting DNA damage response and repair pathways, particularly in genes such as BRCAI,
BRCA2, ATM, and PALB2, may contribute to cancer susceptibility and influence the response of tumor cells to
specific therapeutic approaches [11]. The disruption of DNA repair mechanisms in cancer cells can lead to the
emergence of molecular vulnerabilities. This disruption may create opportunities for the development of more
selective and effective treatment methods.

2. Genetic Variants in Cancer & Somatic Mutations

Mutations occurring in somatic cells lead to genetic changes that play a decisive role in the onset and development
of cancer in humans. This process can occur in various cells in humans throughout their lives [12]. First of all,
they arise from various intracellular processes, such as anomalies occurring during DNA replication or problems
caused by oxidative stress. However, such changes can also occur due to the influence of factors such as smoking
and intense ultraviolet (UV) radiation [13].

Driver and passenger mutations differ significantly from each other in terms of their mutational mechanisms. Thus,
driver mutations contribute to the survival of cancer cells by delaying programmed cell death and activating
cellular processes associated with proliferation, growth, metastasis, and tumor formation. Unlike driver mutations,
passenger mutations are considered to be of minor biological significance. Since they do not directly participate
in tumor development, they are understood to have a limited functional impact on cancer progression [14]. The
frequency and nature of somatic mutations can vary significantly depending on the tissue type. These changes
reflect differences in environmental impacts and tissue-related biological processes [14]. These changes reflect
differences in environmental impacts and in the biological processes occurring within the tissue [14]. In this
context, the importance of comprehensive genomic profiling in the assessment and clinical management of cancer
is emphasized [15].

Genetic abnormalities can disrupt a range of cellular processes by altering the structure or expression of proteins
involved in the regulation of cell proliferation, division, and survival, ultimately affecting normal cellular
functions.
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A range of genetic alterations, including missense, nonsense, and frameshift mutations, along with chromosomal
abnormalities, may alter gene expression or impair protein function. Thereby contributing substantially to the
malignant transformation of normal cells. As a result of these genetic changes, a direct link is established between
genomic instability and both the initiation and progression of cancer. Changes occurring in somatic cells can
disrupt the activity of numerous genes that play a crucial role in fundamental biological processes such as
apoptosis, DNA damage repair, cell cycle regulation, cell differentiation, and the maintenance of genomic stability.
Mutations affecting the activity of genes involved in these mechanisms can disrupt normal regulatory pathways,
thereby promoting uncontrolled and abnormal cell proliferation. Alterations in the oncogene activation mechanism
can trigger sustained signal transduction pathways that promote intensive cell proliferation. Otherwise, the
complete inactivation of tumor suppressor genes could disrupt the functioning of essential cellular mechanisms
that ensure cell division and the maintenance of genomic integrity [16]. The functional mechanism of a genetic
alteration is determined by the characteristics of the affected gene, the precise location of the mutation within the
genome, and its effects on protein synthesis and transcriptional regulation.

The fundamental essence of the clonal evolution of tumors is characterized by the accumulation of somatic
mutations. As cancer cells progress through the stages of proliferation, new genetic changes occur within them.
This results in the emergence of genetically distinct subpopulations within the same tumor. Sometimes, tumor
subclones can possess specific biological advantages. These advantages include increased metastatic potential of
cells and their proliferative capacity, as well as high resilience to environmental stress factors and to anti-cancer
treatments [17].

3. Molecular Biomarkers

Germline variants arise from changes occurring in the cell of one of the parents. Specifically, the resulting
alteration establishes heritable genetic differences that persist in all cells of the next generation, originating from
the early stages of reproductive cell development [2]. These changes are observed in various forms, ranging from
single nucleotide polymorphisms (SNPs) to larger-scale structural genomic alterations. In addition to susceptibility
to cancer, this factor may also influence the course of the disease and the response to treatment [4].

Studies show that hereditary breast and ovarian cancer, Li-Fraumeni syndrome, and Lynch syndrome arise from
mutations in genes such as BRCA1, BRCA2, and TP53, as well as in the mismatch repair genes MLH1 and MSH2
[5]- The impact of genetic variations on the risk of developing cancer depends primarily on the biological function
of the genes in which the alterations occur. Furthermore, a link has been established between cancer development
and the level of risk associated with the specific type of cancer.

Mutations in genes responsible for maintaining genome stability can be considered one of the key factors
significantly increasing the likelihood of malignant tumor development in the organism. The BRCA1 and BRCA2
genes, which are responsible for the repair of DNA double-strand breaks, are considered key components of the
homologous recombination pathway. Defects occurring during the repair process create an additional risk of
genomic anomaly accumulation. This can lead to an increased likelihood of developing various malignant tumors,
such as breast and ovarian cancers [18].

The presence of hereditary defects in DNA repair pathways reflects a molecular link between genetic
predisposition and the development of cancer. However, the impact of inherited genetic alterations on the
functioning of DNA mismatch repair systems is considered a key factor. Consequently, this process can lead to
increased susceptibility to cancer. Lynch syndrome is considered one of the factors that significantly increase
various health risks. Pathogenic germline variants in mismatch repair genes disrupting the DNA repair mechanism
and increasing genomic instability is an example of this. This also leads to an increased risk of developing
endometrial, colorectal, ovarian, and other malignant tumors [19]. Cancer cells arising from defects in DNA repair
often exhibit microsatellite instability. This is considered a molecular characteristic of significant biological and
clinical importance.

4. Conclusion
Significant strides have been made in cancer research through advances regarding molecular genetic variants and
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biomarkers. These achievements have substantially broadened scientific understanding and perspectives
concerning the molecular biology, pathogenesis, and clinical characteristics of cancer.

A comprehensive analysis of germline variants and somatic genomic alterations enables a more precise molecular
characterization of tumors, the refinement of prognostic assessment mechanisms, and the development of
personalized treatment strategies. Comprehensive analysis of germline variants and somatic genomic alterations
enables a more precise molecular characterization of tumors. Such characterization lays the groundwork for
improving the prognostic assessment of these alterations and developing personalized treatment strategies.

The application of key molecular biomarkers, such as tumor mutational burden (TMB), microsatellite instability
(MSI), and gene expression profiles, in clinical practice is of great importance in medicine. In recent years,
significant progress has been made using these markers to select optimal treatment approaches, refine diagnostic
assessments, and more effectively evaluate treatment responses. This increasingly enhances the importance of
these molecular markers in modern oncology. In particular, the use of molecular biomarkers plays a crucial role
in identifying patients who may potentially benefit from immunotherapy and in making decisions regarding the
selection of adjuvant systemic treatment approaches.

Advancements in the fields of cancer genetics, bioinformatics, and artificial intelligence will play a crucial role
in the future integration of genomic and clinical data. In particular, the use of bioinformatics and artificial
intelligence is expected to contribute to improvements in early disease diagnosis and treatment decision-making.
This, in turn, will lead to significant progress in oncology. At the same time, attention must be paid to key aspects
regarding the integration of molecular research findings into daily clinical practice. Specifically, integrating
research results into routine clinical practice requires comprehensive clinical validation, as well as thorough
consideration of multidisciplinary collaboration, ethical issues, and technical and practical limitations. Such
achievements in scientific fields are accelerating the transition from traditional treatment to personalized therapy
tailored to the patient's clinical indicators and the molecular-biological characteristics of the tumor.

Author Contributions

The sole author is responsible for conceptualizing, collecting, and analyzing data, and writing and editing the
manuscript.

Conflict of Interest

The authors declare no conflicts of interest.

Funding

This research received no external funding.

References

[1] Wang, X., Shi, X., Liao, S., Su, T., Gu, Y., Zhang, H., & Li, Z. (2026). Multidimensional effects of genetic
mechanisms in cancer occurrence, development, and treatment. Cancer Genetics, 304-305, 58-75.
https://doi.org/10.1016/j.cancergen.2026.03.006

[2] de Voer, R. M., & Valle, L. (2026). Integrating germline and tumor sequencing to improve hereditary cancer
diagnosis and care. European Journal of Human Genetics, 1-11. https://doi.org/10.1038/s41431-026-02046-
5

[3] Ananda, H., Sahana, S. R., Murthy, S. R., Kunnath, A. N., Prashant, A., Kaifi, J. T., & Suvilesh, K. N.
(2026). Genomic innovations in cancer prevention, diagnosis, prognosis and precision therapeutics.
Frontiers in Genetics, 17, 1828450. https://doi.org/10.3389/fgene.2026.1828450

25


https://doi.org/10.1016/j.cancergen.2026.03.006
https://doi.org/10.1038/s41431-026-02046-5
https://doi.org/10.1038/s41431-026-02046-5
https://doi.org/10.3389/fgene.2026.1828450

Journal of Molecular Biosciences and Engineering

[4] Zhu, H., Shao, J., Wang, Y., Gu, C., & Liu, J. (2026). Molecular landscape and clinical translation of DNA
damage response alterations in solid tumors: A pan-cancer perspective on precision oncology. Neoplasia,
77, 101315. https://doi.org/10.1016/j.n€0.2026.101315

[5] Agiiera-Sanchez, A., Pefia-Ros, E., Martinez-Martinez, 1., & Garcia-Molina, F. (2026). Comprehensive
landscape of diagnostic, prognostic and predictive biomarkers in colorectal cancer: From genomics to
multi-omics integration in precision medIClne. Journal of Personalized Medicine, 16(1), 48.
https://doi.org/10.3390/jpm 16010048

[6] Watanabe, T., Soeda, S., Okoshi, C., Fukuda, T., Yasuda, S., & Fujimori, K. (2023). Landscape of somatic
mutated genes and inherited susceptibility genes in gynecological cancer. Journal of Obstetrics and
Gynaecology Research, 49(11), 2629-2643. https://doi.org/10.1111/jog.15766

[7] Basheeruddin, M., Qausain, S., Anjankar, A., & Khan, F. I. (2026). Advancements in cancer biomarker
discovery over fifteen years: diagnostics and prognostic approach in somatic cancer. Oncology Reviews, 20,
1809836. https://doi.org/10.3389/0r.2026.1809836

[8] Fisher, P. B., Tew, K. D., Kumar, U., & Das, V. (2026). Biomarkers for cancer screening, diagnosis and
targeted therapeutic approaches. Elsevier.

[9] McGranahan, N., & Swanton, C. (2017). Clonal heterogeneity and tumor evolution: past, present, and the
future. Cell, 168(4), 613-628.

[10] Hanahan, D. (2022). Hallmarks of cancer: new dimensions. Cancer Discovery, 12(1), 31-46.

[11] Lord, C. J., & Ashworth, A. (2016). BRCAness revisited. Nature Reviews Cancer, 16(2), 110-120.

[12] Yoshida, K. (2026). Somatic mutations and clonal evolution in normal tissues and cancer development.
Experimental & Molecular Medicine, 58(4), 961. https://doi.org/10.1038/s12276-025-01592-0

[13] Ng, A. S., & Chan, D. K. H. (2023). Commonalities and differences in the mutational signature and somatic
driver mutation landscape across solid and hollow viscus organs. Oncogene, 42(37), 2713-2724.
https://doi.org/10.1038/s41388-023-02802-7

[14] Jin, C., Li, W,, Liu, B., Cao, L. Q., Stefan, S. M., Yuan, L., & Yu, H. (2026). Emerging trends and
converging evidence in tumor evolution: A comprehensive review. Drug Resistance Updates, 101380.
https://doi.org/10.1016/j.drup.2026.101380

[15] O’Malley, D. E., Raspin, K., Melton, P. E., Burdon, K. P., Dickinson, J. L., & FitzGerald, L. M. (2024).
Acquired copy number variation in prostate tumours: a review of common somatic copy number
alterations, how they are formed and their clinical utility: Genetics and Genomics. British Journal of
Cancer, 130(3), 347-357. https://doi.org/10.1038/s41416-023-02485-7

[16] Vogelstein, B., Papadopoulos, N., Velculescu, V. E., Zhou, S., Diaz Jr, L. A., & Kinzler, K. W. (2013).
Cancer genome landscapes. science, 339(6127), 1546-1558. https://doi.org/10.1126/science.1235122

[17] Greaves, M., & Maley, C. C. (2012). Clonal evolution in cancer. Nature, 481(7381), 306-313.
https://doi.org/10.1038/nature10762

[18] Kuchenbaecker, K. B., Hopper, J. L., Barnes, D. R., Phillips, K. A., Mooij, T. M., Roos-Blom, M. J., ... &
BRCAT1 and BRCA2 Cohort Consortium. (2017). Risks of breast, ovarian, and contralateral breast cancer
for BRCA1 and BRCA2 mutation carriers.

[19] Lynch, H. T., & De la Chapelle, A. (2003). Hereditary colorectal cancer. New England Journal of Medicine,
348(10), 919-932. https://doi.org/10.1056/NEJMra012242

26


https://doi.org/10.1016/j.neo.2026.101315
https://doi.org/10.3390/jpm16010048
https://doi.org/10.1111/jog.15766
https://doi.org/10.3389/or.2026.1809836
https://doi.org/10.1038/s12276-025-01592-0
https://doi.org/10.1038/s41388-023-02802-7
https://doi.org/10.1016/j.drup.2026.101380
https://doi.org/10.1038/s41416-023-02485-7
https://doi.org/10.1126/science.1235122
https://doi.org/10.1038/nature10762
https://doi.org/10.1056/NEJMra012242

