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DESCRIPTION

Epigenetic modifications play critical roles in regulating immune
checkpoint molecule expression in melanoma, influencing
immunotherapy response and providing opportunities for
combination treatment strategies. Melanoma has emerged as a
model for successful cancer immunotherapy, with Immune
Checkpoint Inhibitors (ICIs) achieving remarkable clinical
responses in a subset of patients. However, primary and acquired
resistance to IClIs remains a significant challenge, with response
rates plateauing at approximately 40%-50% for PD-1/PD-L1
inhibitors and 10%-15% for CTLA-4 inhibitors. Epigenetic
mechanisms play crucial roles in regulating immune checkpoint
molecule expression and determining treatment response.

The expression of PD-L1, a key immune checkpoint molecule, is
subject to complex epigenetic regulation in melanoma. The PD-
L1 promoter contains multiple CpG sites that can be
methylated, leading to gene silencing. Hypermethylation of the
PD-L1 promoter is observed in approximately 30% of
melanomas and correlates with reduced PD-L1 expression and
poor response to anti-PD-1 therapy. Conversely, demethylation
of the PD-L1 promoter can restore expression and potentially
enhance immunotherapy efficacy.

Histone modifications also play essential roles in PD-L1
regulation. The promoter region of PD-L1 is enriched in
activating marks such as H3K27ac and H3K4me3 in melanomas
with high PD-L1 expression. The Enhancer Of zeste Homolog 2
(EZH2), the -catalytic subunit of the Polycomb Repressive
complex 2 (PRC2), can deposit the repressive H3K27me3 mark
at the PD-L1 promoter, leading to gene silencing. EZH2
inhibition has been shown to upregulate PD-L1 expression in
melanoma cells, providing a rationale for combination therapy

with PD-1/PD-L1 inhibitors.

The regulation of other immune checkpoint molecules is equally
complex. CTLA-4 expression in T cells is modulated by DNA
methylation and histone modifications. Hypermethylation of the
CTLA-4 promoter in Tumor-Infiltrating Lymphocytes (TILs) can
reduce CTLA-4 expression, potentially affecting the balance
between immune activation and suppression. Understanding
these epigenetic mechanisms is crucial for optimizing CTLA-A4-
targeted therapies.

MicroRNAs (miRNAs) represent another layer of epigenetic
regulation in melanoma immunotherapy. Several miRNAs,
including miR-34a, miR-200, and miR-15/16, can target immune
checkpoint molecules and modulate their expression. The
miR-34a tumor suppressor is frequently silenced by promoter
hypermethylation in melanoma, leading to increased PD-L1
expression and enhanced immune evasion. Restoration of
miR-34a expression through demethylating agents can reduce
PD-L1 levels and improve immunotherapy response. The tumor
microenvironment significantly influences epigenetic regulation
of immune checkpoint molecules. Hypoxic conditions, common
in melanoma, activate Hypoxia-Inducible Factor-la. (HIF-1a),
which can directly bind to the PD-L1 promoter and enhance its
expression. Additionally, hypoxia-induced changes in histone
modifications create a permissive chromatin environment for
PD-L1 transcription.

Interferon signaling pathways are crucial for immune checkpoint
regulation and are subject to extensive epigenetic control. The
JAK-STAT pathway, activated by interferony, leads to the
recruitment of histone acetyltransferases and the deposition of
activating marks at immune-related gene promoters. However,
chronic interferon exposure can lead to epigenetic silencing of
interferon-responsive genes, contributing to acquired resistance
to immunotherapy.

CONCLUSION

The concept of epigenetic immune editing has emerged as an
important mechanism of immunotherapy resistance. Prolonged
exposure to immune pressure can lead to progressive epigenetic
silencing of antigen presentation machinery, including MHC
class I molecules and components of the antigen processing
pathway. This epigenetic editing allows tumor cells to evade
immune recognition while maintaining their malignant
characteristics. Combination therapies targeting both epigenetic
mechanisms and immune checkpoints have shown promise in
preclinical models. HDAC inhibitors can enhance the
expression of MHC class I molecules and tumor antigens,
potentially improving recognition by T cells. Similarly, DNA
methyltransferase inhibitors can restore the expression of
silenced immunerelated genes and enhance immunotherapy
efficacy.

Correspondence to: Angela Nossa, Department of Biomedical Sciences, University of Lille, Lille, France, E-mail: angela@nossa.fr

Received: 03-Mar-2025, Manuscript No. EROA-25-38323; Editor assigned: 05-Mar-2025, PreQC No. EROA-25-38323 (PQ); Reviewed:
19-Mar-2025, QC No. EROA-25-38323; Revised: 26-Mar-2025, Manuscript No. EROA-25-38323 (R); Published: 02-Apr-2025, DOI: 10.35248/

EROA. 25.7.207

Citation: Nossa A (2025). Epigenetic Regulation of Immune Checkpoint Molecules in Melanoma. ] Epigenetics Res. 7:207.

Copyright: © 2025 Nossa A. 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, pr

ovided the original author and source are credited.

] Epigenetics Res, Vol.07 Iss.01 No:1000207



	Contents
	Epigenetic Regulation of Immune Checkpoint Molecules in Melanoma
	DESCRIPTION
	CONCLUSION




