
Advances in DNA Methyltransferase Inhibitors for Cancer Therapy

Ciro Isidoro*

Department of Cell Biology, University of Toronto, Toronto, Canada

DESCRIPTON
DNA Methyltransferase Inhibitors (DNMT inhibitors) are a class 
of epigenetic drugs that target aberrant DNA methylation 
patterns, a hallmark of many cancers. DNA methylation involves 
the addition of a methyl group to the 5-position of cytosine 
residues within CpG dinucleotides, a modification catalyzed by 
DNA Methyltransferases (DNMTs). In normal cells, DNA 
methylation plays a important role in regulating gene expression, 
maintaining genomic stability, and controlling cellular 
differentiation. In cancer, dysregulated methylation often leads 
to silencing of tumor suppressor genes and activation of 
oncogenes, contributing to tumor initiation, progression, and 
resistance to therapy. DNMT inhibitors aim to reverse these 
aberrant epigenetic marks and restore normal gene function.

The first generation of DNMT inhibitors, including azacitidine 
and decitabine, are nucleoside analogs that incorporate into 
DNA during replication. Once incorporated, they trap DNMT 
enzymes, leading to their degradation and a progressive loss of 
DNA methylation. This hypomethylation can reactivate 
previously silenced tumor suppressor genes, restore normal 
cellular checkpoints, and induce apoptosis in malignant cells. 
Both azacitidine and decitabine have been approved for the 
treatment of myelodysplastic syndromes and certain leukemias, 
demonstrating significant clinical efficacy.

Mechanistically, DNMT inhibitors exert their anti-cancer effects 
through multiple pathways. Reactivation of silenced genes 
involved in cell cycle regulation, DNA repair, and apoptosis helps 
to re-establish normal cellular controls. Additionally, 
hypomethylation can enhance the expression of tumor antigens, 
making cancer cells more visible to the immune system and 
potentially synergizing with immunotherapy approaches. DNMT 
inhibitors also impact the tumor microenvironment by 
modulating cytokine expression and reducing the 
immunosuppressive milieu, further enhancing anti-tumor 
immune responses.

Despite their promise, DNMT inhibitors have limitations. Their 
incorporation into DNA primarily affects rapidly dividing cells, 
making them less effective in slow-growing solid tumors. Toxicity, 
including myelosuppression and gastrointestinal side effects, can 
limit dosing and treatment duration. Moreover, incomplete 
demethylation or resistance mechanisms, such as overexpression of 
DNMT enzymes or altered drug metabolism, can reduce 
therapeutic efficacy. To address these challenges, research is 
focusing on combination therapies that pair DNMT inhibitors 
with histone deacetylase inhibitors, targeted therapies, or immune 
checkpoint inhibitors to achieve synergistic effects. Emerging 
DNMT inhibitors are also being developed with improved 
specificity and pharmacokinetic profiles. Non-nucleoside DNMT 
inhibitors, for example, aim to inhibit enzymatic activity without 
incorporating into DNA, potentially reducing toxicity and off-
target effects. Preclinical studies have demonstrated that these 
novel agents can effectively demethylate tumor suppressor genes 
and inhibit tumor growth in models of solid tumors and 
hematologic malignancies.

High-throughput sequencing technologies and epigenomic 
profiling have enabled a better understanding of which tumors are 
most likely to respond to DNMT inhibition. Biomarkers such as 
promoter hypermethylation of specific tumor suppressor genes or 
global DNA methylation patterns can help predict treatment 
response and guide patient selection. Personalized approaches 
using these biomarkers could optimize therapeutic outcomes and 
minimize unnecessary toxicity.

In conclusion, DNA methyltransferase inhibitors represent a 
powerful class of epigenetic therapies that target abnormal DNA 
methylation in cancer. By reactivating silenced tumor suppressor 
genes, modulating immune responses, and influencing cellular 
pathways, these agents offer significant potential for treating 
hematologic malignancies and possibly solid tumors. Ongoing 
research to improve specificity, reduce toxicity, and identify 
predictive biomarkers is expanding the clinical applicability of 
DNMT inhibitors, making them a cornerstone of epigenetic 
therapy and a promising strategy in the fight against cancer.
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