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Commentary
DESCRIPTION

Melanoma, a highly aggressive form of skin cancer, arises from
melanocytes, the pigment-producing cells in the skin. Despite being
less common than other types of skin cancer, melanoma is responsible
for a significant number of skin cancer-related deaths due to its
propensity for metastasis. The genetic and molecular mechanisms
underlying melanoma are complex and multifactorial, involving a series
of genetic mutations and alterations in molecular signaling pathways
that promote tumorigenesis. Over the years, advancements in
genomics and molecular biology have provided valuable insights into
the genetic drivers and molecular pathways involved in melanoma,
leading to the development of targeted therapies and improved

treatment strategies.

A key factor in melanoma development is the accumulation of genetic
mutations, many of which are induced by Ultraviolet (UV) radiation from
sun exposure. UV radiation is a known carcinogen that causes DNA
damage, resulting in mutations that can lead to the initiation and
progression of melanoma. Among the most frequently mutated genes
in melanoma are those involved in the MAPK (mitogen-activated
protein kinase) pathway, particularly the BRAF gene. Mutations in
BRAF, especially the V60OOE mutation, are present in approximately
50% of melanomas and are associated with uncontrolled cell growth
and survival. This mutation leads to the activation of the MAPK
pathway, which regulates key cellular processes such as proliferation,
differentiation, and apoptosis. Targeted inhibitors of BRAF, such as
vemurafenib and dabrafenib, have shown efficacy in treating
melanoma patients with BRAF mutations, significantly improving

survival outcomes.
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In addition to BRAF mutations, mutations in other genes, including NRAS, KIT, and TP53, have also been
implicated in melanoma pathogenesis. NRAS mutations occur in approximately 15%-20% of melanomas and lead
to the activation of the RAS-RAF-MEK-ERK signaling pathway, which similarly promotes tumorigenesis. KIT
mutations, while less common, are often found in melanoma cases associated with mucosal or acral lentiginous
subtypes. TP53, a well-known tumor suppressor gene, is frequently mutated in melanoma, contributing to the loss

of genomic integrity and facilitating the development of resistance to therapy.

The molecular pathways that drive melanoma are not limited to mutations in individual genes but also involve
complex interactions between signaling networks that regulate key cellular functions. The MAPK pathway is central
to melanoma development and progression, but other signaling pathways also play crucial roles. One of these is
the PIBK-AKT-mTOR pathway, which is involved in cell survival, metabolism, and resistance to chemotherapy.
Mutations or amplifications in genes such as PTEN, which negatively regulates the PI3K pathway, can lead to
constitutive activation of this pathway and contribute to melanoma progression. Targeting the PI3K-AKT-mTOR
pathway with specific inhibitors has shown promise in preclinical studies, but clinical efficacy remains to be fully

established.
CONCLUSION

Melanoma is driven by a complex interplay of genetic mutations and molecular signaling pathways that promote
tumorigenesis and resistance to treatment. Advances in genomics and molecular biology have provided invaluable
insights into the genetic drivers of melanoma and have led to the development of targeted therapies and
immunotherapies that have improved survival rates for many patients. However, the challenges of resistance and
metastatic disease highlight the need for continued research to uncover new therapeutic targets and strategies to

further improve outcomes for melanoma patients.
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