Cancer Genomics

Cancer genomics is the study of the genetic changes that drive cancer development,
progression, and treatment response. It focuses on identifying mutations, structural variations,
and epigenetic modifications in cancer cells to understand tumor biology and develop targeted

therapies.

1. Key Concepts in Cancer Genomics
a. Somatic vs. Germline Mutations
« Somatic mutations: Occur in non-reproductive cells and are acquired during a person’s
lifetime (e.g., due to carcinogens like tobacco or UV radiation). These mutations are not
inherited.
« Germline mutations: Present in sperm or egg cells and passed from parents to offspring
(e.g., BRCA1/BRCA2 mutations in hereditary breast cancer).
b. Driver vs. Passenger Mutations
« Driver mutations: Directly contribute to cancer initiation and progression by affecting
key genes involved in cell growth and survival (e.g., TP53, KRAS, MYC).
o Passenger mutations: Do not contribute to cancer but accumulate due to the high
mutation rates in tumor cells.
¢. Oncogenes and Tumor Suppressor Genes
« Oncogenes: Mutated genes that promote uncontrolled cell growth (e.g., RAS, MYC,
HER?2).
o Tumor suppressor genes: Prevent uncontrolled growth; their inactivation leads to

cancer (e.g., TP53, RB1, BRCAI).

2. Technologies in Cancer Genomics
a. Next-Generation Sequencing (NGS)
o Whole-genome sequencing (WGS) and whole-exome sequencing (WES) help identify
mutations across the genome.
« RNA sequencing (RNA-seq) reveals gene expression changes in cancer cells.

b. Single-Cell Genomics



« Analyzes genetic variations at the level of individual tumor cells, providing insights into
cancer heterogeneity.
c. Epigenomics
o Studies DNA methylation and histone modifications that regulate gene expression

without altering DNA sequence.

3. Applications of Cancer Genomics
a. Precision Oncology
« Tailoring treatments based on a tumor’s genetic profile (e.g., EGFR inhibitors for lung
cancer, HER2-targeted therapy for breast cancer).
b. Early Detection and Diagnosis
« Liquid biopsy (circulating tumor DNA analysis) helps detect cancer early and monitor
treatment response.
¢. Inmunotherapy and Biomarkers
o Identifying tumor-specific antigens for immune checkpoint therapy (e.g., PD-L1
inhibitors for melanoma and lung cancer).
d. Drug Resistance Studies
« Understanding how cancer cells develop resistance to therapies and designing new

drugs accordingly.

4. Future Directions in Cancer Genomics
« Artificial intelligence (AI) for analyzing large genomic datasets.
o CRISPR gene editing for targeted cancer treatments.

« Pan-cancer studies to find common genetic patterns across different cancer types.

Conclusion
Cancer genomics has revolutionized our understanding of cancer, leading to more effective
diagnostic tools, personalized treatments, and novel therapeutic strategies. Continued research

will help develop better interventions for cancer prevention and cure.



