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A B S T R A C T 

Background Epigenetic dysregulation is a central hallmark of numerous complex diseases, including 

cancer, neurodegenerative disorders, metabolic syndromes, and immune-mediated conditions. Unlike 

genetic mutations, epigenetic alterations are reversible, rendering them highly attractive therapeutic targets. 

Recent advances in pharmaco-epigenomics-integrating pharmacology with epigenomic profiling-have 

opened unprecedented opportunities for precision medicine. Objective This review critically synthesizes 

current knowledge on pharmaco-epigenomic reprogramming, highlighting mechanistic insights, therapeutic 

agents, technological advances, clinical progress and emerging challenges. Methods A structured literature 

search was conducted across PubMed, Scopus, and Web of Science databases (2020-2025), focusing on 

epigenetic drugs, pharmaco-epigenomic biomarkers and translational applications. Studies were screened 

following PRISMA-inspired trend-based review methodology. Results Epigenetic therapeutics, including 

DNA methyltransferase inhibitors, histone modification modulators, and chromatin remodelling agents, 

demonstrate disease-modifying potential across oncology and non-oncological domains. Integration of 

multi-omics, AI-driven drug response modeling, and single-cell epigenomics is reshaping therapeutic 

stratification. However, challenges such as off-target effects, epigenetic plasticity and interindividual 

variability remain unresolved. Conclusion Pharmaco-epigenomic reprogramming represents a 

transformative therapeutic paradigm. Future success depends on precise targeting, combinatorial strategies 

and robust epigenomic biomarkers to enable personalized and durable clinical outcomes. 
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1. Introduction 

1.1. Global disease burden and epigenetic dysregulation 

Chronic and complex diseases account for over 70% of global mortality 

with cancer, cardiovascular diseases, neurodegenerative disorders and 

metabolic syndromes representing the largest contributors. While genetic 

predisposition plays a role, accumulating evidence indicates that epigenetic 

dysregulation acts as a critical interface between environmental exposures 

and disease phenotypes [1]. Epigenetic mechanisms-including DNA 

methylation, histone modifications and non-coding RNAs-govern gene 

expression without altering DNA sequence [2]. Aberrant epigenetic 

landscapes have been consistently observed in malignancies, aging-related 

disorders, autoimmune diseases and psychiatric conditions [3]. 

1.2. Rationale for pharmaco-epigenomic reprogramming 

Conventional pharmacotherapy often fails to address disease heterogeneity 

and adaptive resistance. In contrast, pharmaco-epigenomic reprogramming 

aims to therapeutically reset pathological epigenetic states, thereby 

restoring normal transcriptional programs. The reversibility of epigenetic 

modifications positions them as ideal targets for next-generation 

therapeutics [4]. 

2. Methodology 

2.1. Literature search strategy 

A comprehensive literature search was performed across PubMed, Scopus, 

and Web of Science for studies published between January 2020 and 

January 2025 [5].  
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Search terms included: The literature search employed a combination of 

controlled vocabulary and free-text keywords, including but not limited to 

pharmaco-epigenomics, epigenetic reprogramming, epigenetic therapeutics, 

DNA methyltransferase inhibition, histone deacetylase inhibition, 

chromatin remodelling-based interventions, and precision epigenetic 

medicine [6]. 

2.2. Inclusion and exclusion Criteria 

Studies were included if they were peer-reviewed original research or 

review articles published in English, involving human, translational, or 

advanced preclinical research and focused on therapeutic epigenetic 

modulation. Excluded were non-therapeutic epigenetic studies, editorials, 

commentaries, conference abstracts and publications prior to 2020 unless 

considered seminal. 

2.3. Data extraction and synthesis 

Data were systematically extracted and thematically analyzed to identify 

trends in mechanisms of action, therapeutic classes, clinical development 

stages and technological integration. 

3. Mechanistic foundations of epigenomic reprogramming 

3.1. DNA methylation modulation 

DNA methyltransferases (DNMTs) catalyze the methylation of cytosine 

residues, often resulting in transcriptional repression. In cancer, aberrant 

hypermethylation of tumor suppressor genes is a hallmark event. 

Therapeutically, agents such as Azacitidine, Decitabine, and Guadecitabine 

induce passive DNA demethylation to reactivate gene expression, although 

their clinical utility is constrained by cytotoxicity and limited target 

specificity [7]. 

3.2. Histone modification targeting 

Histone acetylation and methylation dynamically regulate chromatin 

accessibility. Histone-targeting drugs, such as HDAC inhibitors (e.g., 

Vorinostat, Panobinostat) and HMT inhibitors like Tazemetostat (an EZH2 

inhibitor), have therapeutic potential beyond oncology, including 

applications in neurodegenerative and inflammatory disorders [8]. 

3.3. Chromatin remodelling and reader proteins 

BET bromodomain inhibitors (e.g., JQ1) disrupt transcriptional elongation 

of oncogenes such as MYC, highlighting the importance of epigenetic 

“reader” proteins in disease maintenance [9]. 

4. Pharmaco-epigenomics in precision medicine 

4.1. Biomarker-driven epigenetic therapies 

Epigenomic biomarkers-including CpG methylation signatures and histone 

modification patterns-enable patient stratification and therapeutic response 

prediction [10]. 

4.2. Multi-omics integration 

The convergence of epigenomics with transcriptomics, proteomics and 

metabolomics enhances mechanistic resolution and drug response 

modeling [11]. 

5. Emerging technologies shaping the field 

5.1. Single-cell epigenomics 

Single-cell ATAC-seq and methylome profiling reveal intra-tumoral 

epigenetic heterogeneity, guiding adaptive therapeutic strategies [12]. 

5.2. AI and machine learning applications 

Artificial intelligence algorithms are increasingly employed to predict 

epigenetic drug sensitivity, identify novel epigenetic targets, and optimize 

combinatorial treatment regimens [13].  

Table 1 - Major classes of epigenetic therapeutics [14] 

Class Target 
Representative 

Drugs 

Clinical 

Status 

DNMT 

inhibitors 
DNA methylation Azacitidine Approved 

HDAC 

inhibitors 
Histone acetylation Vorinostat Approved 

BET 

inhibitors 

Bromodomain 

readers 
JQ1 Preclinical 

EZH2 

inhibitors 

Histone 

methylation 
Tazemetostat Approved 

Table 2 - Advantages and Limitations of Epigenetic Therapies [15] 

Advantages Limitations 

Reversible targets Off-target effects 

Broad disease applicability Epigenetic plasticity 

Synergistic potential Limited specificity 

 

Fig.1 - Conceptual Framework of Pharmaco-Epigenomic 

Reprogramming 

 



20                                                                                                                                                                                              FRONTIERS IN PREVENTIVE MEDICINE (2026) 2:1 018–020 

 

5.3. Mechanisms and translational frameworks for drug-epigenomic 

reprogramming 

The mechanism and transformation pathway of drug epigenomic 

reprogramming are mainly induced by a variety of epigenetic drugs, 

including DNMT inhibitors, HDAC inhibitors, BET inhibitors, and EZH2 

inhibitors, through DNA demethylation, histone acetylation, and chromatin 

remodeling. These modifications lead to open chromatin structure and gene 

expression reset, promoting therapeutic effects such as tumor suppression, 

neuroprotection, anti-inflammatory, and metabolic regulation. Integrating 

precision medicine through biomarker selection enables personalized 

treatment and long-lasting clinical response. 

Fig.1 illustrates the mechanistic and translational framework of pharmaco-

epigenomic reprogramming. On the left, various classes of epigenetic 

drugs-including DNMT inhibitors, HDAC inhibitors, BET inhibitors and 

EZH2 inhibitors-target specific epigenetic mechanisms to modulate gene 

expression. The central panel depicts epigenetic modulation, showing DNA 

demethylation, histone acetylation and chromatin remodeling which 

collectively reset gene expression and convert chromatin into an open, 

transcriptionally active state. These molecular changes drive therapeutic 

outcomes such as tumor suppression, neuroprotection, anti-inflammatory 

effects and metabolic regulation. The lower section highlights the 

integration of precision medicine where biomarker selection guides 

personalized therapy, ultimately achieving a durable therapeutic response. 

Overall, the figure emphasizes the link between epigenetic interventions, 

gene expression remodeling and clinical translation in a patient-tailored 

context. 

6. Future Perspectives and Research Gaps 

Future research should focus on developing locus-specific epigenetic 

editors, evaluating long-term safety, integrating real-world epigenomic data 

and addressing ethical considerations in epigenetic manipulation with 

emerging CRISPR-based epigenome editing tools offering potential 

solutions to current specificity limitations. 

7. Conclusion 

Pharmaco-epigenomic reprogramming heralds a paradigm shifts from 

symptomatic treatment to mechanistic disease modification. With 

continued technological innovation and biomarker-driven precision 

strategies, epigenetic therapeutics are poised to redefine future clinical 

practice. 

A.1. Abbreviations 

AI: Artificial Intelligence 

ATAC-seq: Assay for Transposase-Accessible Chromatin 

BET: Bromodomain and Extra-Terminal 

DNMT: DNA Methyltransferase 

HDAC: Histone Deacetylase 
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