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DESCRIPTION
Cancer is a complex and multifaceted disease marked by the 
uncontrolled growth and spread of abnormal cells. Gaining 
insight into the molecular mechanisms that drive cancer has 
been major in the advancement of precision medicine and 
targeted therapies. These approaches provide more effective and 
less toxic treatments compared to traditional methods. Precision 
medicine customizes medical treatment based on the unique 
characteristics of each patient, while targeted therapies focus on 
attacking cancer cells according to their specific molecular traits 
[1,2].

Molecular mechanisms of cancer

Cancer results from genetic and epigenetic changes that disrupt 
normal cellular processes, causing uncontrolled cell growth, 
resistance to cell death, angiogenesis, and metastasis. Key 
molecular mechanisms involved in cancer development include:

Oncogenes and tumor suppressors: Mutations in oncogenes 
(e.g., MYC, RAS) and tumor suppressor genes (e.g., TP53, RB1) 
play a major role in cancer initiation and progression. 
Oncogenes promote cell growth and division, while tumor 
suppressor genes inhibit these processes. Mutations or 
dysregulation of these genes can lead to unchecked cell 
proliferation.

Signal transduction pathways: Abnormal activation of signaling 
pathways, such as the PI3K/AKT/mTOR, MAPK/ERK, and 
Wnt/β-catenin pathways, is common in cancer. These pathways 
regulate cell growth, survival, and metabolism, and their 
dysregulation can lead to tumorigenesis.

DNA repair mechanisms: Defects in DNA repair pathways, 
such as Mismatch Repair (MMR) and Homologous 
Recombination (HR), can lead to genomic instability and 
accumulation of mutations. For example, BRCA1 and BRCA2 
mutations impair Homologous Recombination (HR), increasing 
the risk of breast and ovarian cancers.

Epigenetic modifications: Changes in DNA methylation, 
histone modifications, and non-coding RNA expression can alter 
gene expression without changing the DNA sequence. These 
epigenetic changes can contribute to cancer development by 
silencing tumor suppressor genes or activating oncogenes.

Microenvironmental factors: The tumor microenvironment, 
including immune cells, fibroblasts, and extracellular matrix 
components, plays a significant role in cancer progression and 
response to therapy. Interactions between cancer cells and their 
microenvironment can promote tumor growth, angiogenesis, 
and immune evasion [3-5].

Precision medicine in cancer

Precision medicine aims to personalized cancer treatment based 
on the genetic, epigenetic, and molecular profile of an 
individual's tumor. This approach involves several key 
components:

Genomic profiling: Advanced genomic technologies, such as 
Next-Generation Sequencing (NGS), allow for comprehensive 
analysis of tumor DNA and RNA to identify genetic mutations, 
copy number alterations, and gene fusions. This information can 
guide the selection of targeted therapies and identify potential 
biomarkers for response [6,7].

Biomarker identification: Biomarkers are measurable indicators 
of a biological state or condition. In cancer, biomarkers can 
predict response to therapy, prognosis, and disease progression. 
For example, HER2 overexpression in breast cancer and EGFR 
mutations in Non-Small Cell Lung Cancer (NSCLC) are used to 
guide targeted therapy decisions.

Targeted therapies: Targeted therapies are designed to precisely 
inhibit specific molecular targets involved in cancer growth and 
survival. By focusing on these targets, these therapies can offer 
more effective and less toxic treatment compared to traditional 
chemotherapy, as they are intended to attack cancer cells while 
minimizing damage to normal cells. Examples include:

Short Communication

Correspondence to: Takigawa Horiuchi, Department of Oncology, Nara Medical University, Kashihara, Japan, E-mail: h.takigawa@gmail.com

Received: 03-Jun-2024, Manuscript No. BOM-24-26510; Editor assigned: 05-Jun-2024, Pre QC No. BOM-24-26510 (PQ); Reviewed: 19-Jun-2024, QC 
No. BOM-24-26510; Revised: 26-Jun-2024, Manuscript No. BOM-24-26510 (R); Published: 03-Jul2024, DOI: 10.35248/2167-7956.24.13.392

Citation: Horiuchi T (2024) Cancer Molecular Mechanisms: Precision Medicine and Targeted Therapies. J Biomol Res. 13.392.

Copyright: © 2024 Horiuchi T. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

J Biomol Res Ther, Vol.13 Iss.3 No:1000392 1



Immunotherapy: Precision medicine also includes immuno- 
therapies that harness the immune system to fight cancer. 
Immune checkpoint inhibitors, such as pembrolizumab 
(Keytruda) and nivolumab (Opdivo), target PD-1/PD-L1 
pathways to enhance the immune response against tumors. 
CAR-T cell therapy, which involves engineering T cells to target 
specific cancer antigens, represents another innovative approach 
to treatment.

Combination therapies: Combining targeted therapies, 
immunotherapies, and traditional treatments (surgery, 
radiation, chemotherapy) can improve outcomes and overcome 
resistance. Precision medicine enables the rational design of 
combination therapies according to the molecular characteristics 
of the tumor [9,10].

CONCLUSION
Understanding cancer's molecular mechanisms has initiated in a 
new era of precision medicine and targeted therapies, providing 
more effective and less toxic treatments. By customizing 
treatment to the unique characteristics of each patient's tumor, 
precision medicine aims to improve outcomes and reduce side 
effects. Despite ongoing challenges, continuous research and 
technological advancements are driving progress in this field.

REFERENCES
1. Travis A, Chernova O, Chernov V, Aminov R. Antimicrobial drug

discovery: Lessons of history and future strategies. Expert Opin Drug
Discov. 2018;13(11):983-985.

2. Martins RL, Simoes RC, Rabelo ED, Farias AL, Rodrigues AB,
Ramos RD, et al. Chemical composition, an antioxidant, cytotoxic
and microbiological activity of the essential oil from the leaves of
Aeollanthus suaveolens Mart. ex Spreng. PloS One.
2016;11(12): 0166684.

3. Oliveira RM, Lima RA. Prospecçao fitoquímica do extrato
etanólico de Bauhinia forficata L. e seu potencial candidacida.
South American Journal of Basic Education, Technical and
Technological. 2017;4(1).

4. Neto MM, Neto MA, Braz Filho R, Lima MA, Silveira ER.
Flavonoids and alkaloids from leaves of Bauhinia ungulata L.
Biochem Syst Ecol. 2008;36(3):227-229.

5. da Paula CS, Christina M, Konopatzki BC, De Souza AM, Bezerra
C, Miguel OG. Caracterização fitoquímica, toxicidade e avaliação
preliminar da atividade antibacteriana das folhas de Bauhinia
ungulata L. Rev Bras Farm. 2015;96(2):1315-1334.

6. Marmitt DJ, Rempel C. Análise fitoquímica das folhas de três
espécimes de Bauhinia forficata link comparando com um
espécime de Bauhinia variegata L. Rev da Univ Val do Rio Verde.
2016;14(2):229-237.

7. Ajiboye AT, Musa MD, Otun KO, Jimoh AA, Bale AT, Lawal SO,
Arowona MT. The studies of antioxidant and antimicrobial
potentials of the leaf extract of Bauhinia monandra plant. Nat
Prod Chem Res. 2015;3(4):1000180.

8. Ahmed AS, Moodley N, Eloff JN. Bioactive compounds from the
leaf extract of Bauhinia galpinii (Fabaceae) used as antidiarrhoeal
therapy in southern Africa. South African Journal of Botany. 2019
Nov 1;126:345-53.

9. Yeshwanth M. Comparative anti bacterial study in the leaves of
four Bauhinia species. International Journal of Current
Microbiology and Applied Sciences. 2013;2(11):158-67.

10. Ahmed AS, Elgorashi EE, Moodley N, McGaw LJ, Naidoo V, Eloff
JN. The antimicrobial, antioxidative, anti-inflammatory activity
and cytotoxicity of different fractions of four South African
Bauhinia species used traditionally to treat diarrhoea. J
Ethnopharmacol. 2012;143(3):826-839.

Horiuchi T

Tyrosine Kinase Inhibitors (TKIs): Drugs like imatinib 
(Gleevec) target BCR-ABL in Chronic Myeloid Leukemia 
(CML), while erlotinib and gefitinib target EGFR mutations in 
NSCLC.

Monoclonal antibodies: Trastuzumab (Herceptin) targets HER2 
in breast cancer, and rituximab targets CD20 in B-cell 
lymphomas [8].

PARP inhibitors: Olaparib and rucaparib target PARP enzymes 
in BRCA-mutated cancers, exploiting the concept of synthetic 
lethality.
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