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ABSTRACT 

	Epigenetic regulation plays a central role in controlling gene expression programs that govern cellular identity, immune responses, and adaptation to environmental stress. Increasing evidence demonstrates that dysregulation of epigenetic mechanisms is a shared hallmark of both infectious diseases and cancer progression, enabling pathogen persistence, immune evasion, malignant transformation, and therapeutic resistance. Epigenetic modifiers—including DNA methyltransferases, histone-modifying enzymes, chromatin remodelers, and non-coding RNAs—mediate reversible yet stable transcriptional changes that bridge genetic predisposition and environmental influence. In infectious diseases, pathogens actively exploit host epigenetic machinery to suppress antimicrobial responses and establish chronic or latent infections, while host-directed epigenetic reprogramming can shape immune memory and disease outcomes. In cancer, aberrant epigenetic landscapes drive silencing of tumor suppressor genes, maintenance of cancer stem cell plasticity, and resistance to cytotoxic and immune-based therapies. Importantly, the reversibility of epigenetic alterations has enabled the clinical development of epigenetic drugs, particularly in oncology, and has opened new avenues for therapeutic repurposing in infectious diseases.
This review provides an integrative overview of epigenetic regulation in health and disease, examines the role of epigenetic modifiers in host–pathogen interactions and cancer progression, and highlights emerging translational strategies, including combination therapies and epigenome editing technologies. By bridging insights from infectious disease biology and cancer research, this work underscores the potential of epigenetic modifiers as unifying and versatile therapeutic targets in complex human diseases. 
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1. INTRODUCTION 

Epigenetics encompasses a set of molecular mechanisms that regulate gene expression independently of changes in DNA sequence (Bhootra et al., 2023). These mechanisms enable cells to dynamically respond to developmental cues and environmental stimuli while maintaining lineage-specific transcriptional programs. Epigenetic regulation is mediated primarily through DNA methylation, post-translational histone modifications, chromatin remodeling complexes, and non-coding RNAs, all of which collectively shape chromatin accessibility and transcriptional outcomes. Unlike genetic mutations, epigenetic modifications are potentially reversible, conferring plasticity to cellular identity and function. This reversibility has positioned epigenetic regulation as a critical interface between genotype and phenotype, with profound implications for disease initiation, progression, and therapeutic intervention (Erdmann and Picard, 2020). Dysregulated epigenetic landscapes are now recognized as central drivers of both infectious disease pathogenesis and cancer progression, influencing host–pathogen interactions, immune evasion, cellular transformation, and therapeutic resistance (Bommarito et al., 2019).
Epigenetic states are established, maintained, and interpreted by a coordinated network of enzymes and regulatory proteins commonly categorized as “writers,” “erasers,” and “readers.” DNA methyltransferases (DNMTs) catalyze the addition of methyl groups to cytosine residues, primarily at CpG dinucleotides (Gujar et al., 2019; Yang et al., 2023), leading to transcriptional repression when localized to gene promoters (Gujar et al., 2019). Histone acetyltransferases (HATs) and histone deacetylases (HDACs) regulate chromatin compaction by modulating lysine acetylation (Dai et al., 2021; Sadida et al., 2023), while histone methyltransferases (HMTs) and demethylases fine-tune transcriptional programs through site-specific methylation marks.
Epigenetic reader proteins, including bromodomain and extra terminal domain (BET) proteins, recognize specific histone modifications and recruit transcriptional machinery or repressive complexes (Yang et al., 2023; Kumar et al., 2025). Collectively, these modifiers orchestrate gene expression programs that govern cell fate decisions, immune responses, and stress adaptation. Importantly, aberrant activity or expression of these modifiers has been implicated in pathological gene regulation across a wide spectrum of diseases, making them attractive pharmacological targets (Sun et al., 2021). This review aims to provide a comprehensive and integrative analysis of epigenetic modifiers as therapeutic targets in both infectious diseases and cancer progression.

2. Epigenetic Regulation in Health and Disease
Epigenetic regulation enables cells to integrate genetic information with environmental and developmental cues, thereby maintaining tissue-specific gene expression programs while allowing adaptive flexibility (Zhnag et al., 2020). In physiological contexts, epigenetic mechanisms are essential for embryonic development, cellular differentiation, immune competence, and maintenance of genomic stability. In pathological states, however, disruption of these tightly controlled processes leads to aberrant transcriptional programs that contribute to disease initiation and progression (Goyal et al., 2019). The principal layers of epigenetic regulation—DNA methylation, histone modifications, chromatin remodeling, and non-coding RNA–mediated control—function in an interconnected manner to shape cellular identity and response to stress (Bure et al., 2022).
2.1 DNA Methylation and Transcriptional Silencing
DNA methylation is one of the most extensively studied epigenetic modifications and is primarily associated with transcriptional repression (Erdmann and Picard, 2020). In mammals, methylation occurs predominantly at the 5-position of cytosine within CpG dinucleotides, a reaction catalyzed by DNA methyltransferases (DNMT1, DNMT3A, and DNMT3B). DNMT1 is responsible for maintenance methylation during DNA replication, whereas DNMT3A and DNMT3B establish de novo methylation patterns during development and cellular reprogramming (Urbano et al., 2019).
Methylation of promoter-associated CpG islands interferes with transcription factor binding and recruits methyl-CpG–binding proteins that assemble repressive chromatin complexes, leading to stable gene silencing. In normal physiology, this mechanism is crucial for processes such as X-chromosome inactivation, genomic imprinting, and suppression of transposable elements (Bhootra et al., 2023). Conversely, aberrant DNA methylation patterns are a hallmark of disease (Greenberg et al., 2019). Global hypomethylation can result in genomic instability and oncogene activation, while locus-specific hypermethylation frequently silences tumor suppressor genes and immune regulatory genes (Chen et al., 2022).
In infectious diseases, DNA methylation contributes to pathogen persistence and immune modulation. Chronic infections can induce stable methylation changes in host immune cells, dampening antimicrobial responses and promoting tolerance or latency. Importantly, the reversibility of DNA methylation has made DNMTs attractive therapeutic targets, particularly in contexts where pathological gene silencing is a dominant feature (Bommarito et al., 2019).
2.2 Histone Modifications and Chromatin Remodeling
Histone proteins, around which DNA is wrapped to form nucleosomes, are subject to a wide array of post-translational modifications, including acetylation, methylation, phosphorylation, ubiquitination, and sumoylation (Rmazi et al., 2020). These modifications occur primarily on histone tails and serve as signals that regulate chromatin accessibility and transcriptional activity (Yao et al., 2024). Histone acetylation, mediated by histone acetyltransferases (HATs), is generally associated with transcriptional activation by neutralizing positive charges on histones and loosening DNA–histone interactions (Geffen et al., 2023). In contrast, histone deacetylation by HDACs promotes chromatin compaction and gene repression.
Histone methylation exerts context-dependent effects on transcription, depending on the specific residue and degree of methylation. For example, trimethylation of histone H3 lysine 4 (H3K4me3) marks active promoters (Ryu and Hochstrasser, 2021), whereas H3K27me3 and H3K9me3 are associated with transcriptional repression (Kadoch et al., 2016). These marks are dynamically regulated by histone methyltransferases and demethylases, enabling rapid and reversible transcriptional responses.
Chromatin remodeling complexes, such as SWI/SNF, ISWI, and NuRD, further regulate gene expression by repositioning or ejecting nucleosomes in an ATP-dependent manner (Eusterman et al., 2023). Disruption of histone modification patterns or chromatin remodeling machinery can profoundly alter cellular transcriptional landscapes, contributing to immune dysfunction, malignant transformation, and therapeutic resistance (Venu et al., 2025). Notably, mutations or dysregulated expression of chromatin regulators are increasingly recognized as drivers of disease rather than passive consequences (Nie et al., 2024).
2.3 Non-coding RNAs and Their Regulatory Roles
Beyond DNA and histones, non-coding RNAs (ncRNAs) constitute a critical layer of epigenetic regulation. These molecules include microRNAs (miRNAs) (Kumar et al., 2020), long non-coding RNAs (lncRNAs) (Statello et al., 2020), circular RNAs (Loganathan, 2023), and other regulatory RNA species that modulate gene expression at transcriptional and post-transcriptional levels. miRNAs typically repress gene expression by targeting messenger RNAs for degradation or translational inhibition, thereby fine-tuning protein output and signaling pathways (Panni et al., 2020).
lncRNAs exert more diverse functions, including scaffolding chromatin-modifying complexes, guiding epigenetic enzymes to specific genomic loci, and acting as molecular decoys or enhancers (Statello et al., 2020). Through these mechanisms, ncRNAs contribute to the establishment and maintenance of cell-type–specific epigenetic states. Dysregulation of ncRNA expression is implicated in immune evasion, inflammatory disorders, cancer metastasis, and resistance to therapy (Yadav et al., 2024).
In both infectious diseases and cancer, ncRNAs often function as intermediaries between environmental stimuli and epigenetic machinery. Pathogen-induced ncRNAs can reshape host transcriptional programs to favor survival or persistence, while tumor-associated ncRNAs can reinforce oncogenic epigenetic circuits (Wei et al., 2017). 
2.4 Crosstalk Between the Host Epigenome and Environmental Stressors
The epigenome serves as a dynamic interface through which environmental stressors which include infection, inflammation, hypoxia, and metabolic perturbations—exert long-lasting effects on cellular function (Zhao et al., 2021). Inflammatory signaling pathways can directly modulate epigenetic enzymes, leading to sustained changes in chromatin architecture and gene expression (Rubio et al., 2023). For instance, chronic inflammation can imprint immune cells with maladaptive epigenetic states that perpetuate tissue damage or immune suppression.
Infectious agents exploit this plasticity by actively manipulating host epigenetic regulators, thereby reprogramming immune responses and cellular metabolism. Similarly, carcinogenic exposures and oncogenic signaling pathways reshape the epigenetic landscape, reinforcing malignant phenotypes and enabling adaptation to therapeutic pressure. Importantly, these environmentally induced epigenetic changes may persist even after the initial stimulus is removed, contributing to disease chronicity and relapse (Wu et al., 2023; Abdolmaleky and Zhou, 2024).
3. Epigenetic Modifiers in Infectious Diseases
Infectious agents have evolved sophisticated strategies to manipulate host epigenetic machinery in order to establish infection, evade immune surveillance, and promote long-term persistence. Rather than relying solely on genetic variation, many pathogens induce stable yet reversible epigenetic changes in host cells, effectively reprogramming transcriptional landscapes to favor pathogen survival. These alterations affect innate and adaptive immune responses, metabolic pathways, and cellular differentiation states, positioning epigenetic modifiers as central determinants of infection outcome and therapeutic responsiveness.
3.1 Pathogen-Driven Epigenetic Reprogramming
A growing body of evidence demonstrates that diverse pathogens actively reshape host epigenetic states. Viruses such as HIV, hepatitis B virus (HBV) (Wang et al., 2024), and hepatitis C virus (HCV) (Perez et al., 2019) integrate or associate with host chromatin and exploit epigenetic silencing mechanisms to maintain latent or low-replication states. In HIV infection, proviral DNA becomes embedded within transcriptionally repressive chromatin marked by DNA methylation and histone deacetylation, enabling viral persistence despite antiretroviral therapy (Peterson et al., 2023).
Intracellular bacteria, including Mycobacterium tuberculosis, induce widespread epigenetic remodeling in macrophages and dendritic cells. These changes often involve altered histone acetylation and methylation at promoters of immune genes, leading to dampened cytokine production and impaired antigen presentation (Bierne and Hamon, 2020). Similarly, protozoan parasites such as Plasmodium species manipulate host epigenetic pathways to modulate inflammatory responses and promote immune tolerance during chronic infection (Nideffer et al., 2023).
Pathogen-driven epigenetic reprogramming is not limited to immune cells. Structural and metabolic cells within infected tissues can also undergo durable epigenetic changes that contribute to fibrosis, tissue remodeling, and long-term disease sequelae. Importantly, these pathogen-induced epigenetic states may persist after microbial clearance, predisposing hosts to reinfection, chronic inflammation, or malignant transformation (Bonsu et al., 2026).
Table 1. Pathogen-Specific Epigenetic Manipulation of the Host
	Pathogen
	Host Cell Type
	Epigenetic Strategy
	Biological Outcome
	Therapeutic Implications
	References

	HIV
	CD4⁺ T cells
	HDAC-mediated proviral silencing
	Viral latency
	HDAC inhibitors for latency reversal
	(Peterson et al., 2023; Pang and Corley, 2025)

	Mycobacterium tuberculosis
	Macrophages
	Histone modification at immune gene promoters
	Impaired cytokine production
	Host-directed epigenetic therapy
	(Niller et al., 2017; Bierne and Hamon, 2020)

	HBV / HCV
	Hepatocytes
	DNA methylation and chromatin repression
	Chronic infection, carcinogenesis
	DNMT and HDAC inhibition
	(Perez et al., 2019; Wang et al., 2024)

	Plasmodium spp.
	Immune cells
	ncRNA-mediated immune modulation
	Immune tolerance
	ncRNA-based diagnostics/targets
	(Nideffer et al., 2023)



3.2 Epigenetic Suppression of Immune Responses and Pathogen Latency
One of the most consequential outcomes of epigenetic manipulation during infection is the suppression of host immune responses (Gujar et al., 2019; Yang et al., 2023). Repressive chromatin marks promoters of interferon-stimulated genes, pattern recognition receptors, and antigen presentation machinery limit the capacity of immune cells to mount effective antimicrobial defenses. This epigenetic silence contributes to immune exhaustion, tolerance, and the establishment of pathogen reservoirs. Latency represents an extreme manifestation of epigenetically mediated immune evasion (Peterson et al., 2023; Pang and Corley, 2025). In viral infections, latent genomes are transcriptionally silenced through coordinated action of DNMTs, HDACs, and histone methyltransferases (Ahbimanyu et al., 2021; Saha et al., 2025). Similar principles apply to bacterial and parasitic persistence, where epigenetic repression of host antimicrobial pathways creates a permissive intracellular niche. Notably, these silent states are not immutable. Environmental cues, inflammatory signals, or pharmacological interventions can reactivate transcriptional programs, underscoring the therapeutic potential of targeting epigenetic modifiers to disrupt latency and restore immune competence.
3.3 Role of Host Epigenetic Modifiers in Antimicrobial Defense
Table 2. Major Epigenetic Modifiers: Mechanisms and Functional Consequences
	Epigenetic Modifier Class
	Key Enzymes / Proteins
	Primary Mechanism
	Functional Consequences in Health
	Dysregulation in Disease
	References

	DNA methyltransferases (DNMTs)
	DNMT1, DNMT3A, DNMT3B
	CpG cytosine methylation
	Genomic stability, imprinting, lineage specification
	Tumor suppressor silencing, immune gene repression, pathogen persistence
	(Gujar et al., 2019; Yang et al., 2023)

	Histone deacetylases (HDACs)
	Class I–IV HDACs
	Histone deacetylation
	Chromatin compaction, transcriptional repression
	Immune suppression, oncogenic transcriptional programs
	(Dai et al., 2021; Sadida et al., 2023)

	Histone acetyltransferases (HATs)
	p300/CBP, GCN5/PCAF/MYST family
	Histone acetylation
	Gene activation, enhancer function
	Altered differentiation, transcriptional imbalance
	(Dai et al., 2021; Sadida et al., 2023)

	Histone methyltransferases (HMTs)
	EZH2, DOT1L, SETD2
	Site-specific histone methylation
	Cell identity, developmental regulation
	Polycomb-mediated repression, cancer stemness
	(Sadida et al., 2023; Gu et al., 2024)

	Epigenetic readers (BET proteins)
	BRD2, BRD3, BRD4
	Recognition of acetylated histones
	Transcriptional elongation, enhancer activity
	Super-enhancer–driven oncogene expression
	(Yang et al., 2023; Kumar et al., 2025)

	Non-coding RNAs
	miRNAs, lncRNAs
	Post-transcriptional and chromatin regulation
	Fine-tuning gene expression
	Immune evasion, metastasis, drug resistance
	(Dai et al., 2021; Sadida et al., 2023)



4. Epigenetic Modifiers in Cancer Progression
Cancer is fundamentally a disease of dysregulated gene expression driven by both genetic and epigenetic alterations. While genetic mutations initiate and shape tumor evolution, epigenetic reprogramming provides the plasticity required for malignant cells to adapt to microenvironmental stress, evade immune surveillance, and acquire resistance to therapy (Gu et al., 2024). Unlike irreversible genetic lesions, epigenetic abnormalities are potentially reversible, positioning epigenetic modifiers as central targets in modern oncology.
Aberrant epigenetic regulation is now recognized as a defining hallmark of cancer. One of the most prominent features is the widespread silencing of tumor suppressor genes through promoter hypermethylation. Genes involved in cell cycle control, DNA repair, apoptosis, and immune recognition are frequently repressed by DNA methylation and repressive histone marks, functionally mimicking loss-of-function mutations (Yang et al., 2023). Concurrently, global DNA hypomethylation contributes to genomic instability, activation of oncogenes, and derepression of transposable elements. Altered histone modification landscapes further reinforce malignant transcriptional programs, with increased activity of repressive complexes such as Polycomb repressive complexes and dysregulated acetylation states that favor uncontrolled proliferation (Rmazi et al., 2020).
Importantly, these epigenetic alterations do not occur in isolation. They interact with oncogenic signaling pathways and tumor microenvironmental cues, creating self-reinforcing transcriptional circuits that sustain malignancy even in the absence of continuous genetic change.
4.2 Cancer Stem Cell Plasticity and Drug Resistance
Epigenetic plasticity underlies the ability of cancer cells to transition between differentiated and stem-like states, a phenomenon that contributes to tumor heterogeneity, metastasis, and therapeutic failure. Cancer stem cells (CSCs) are characterized by distinct epigenetic signatures that maintain self-renewal capacity and resistance to cytotoxic stress (Bhat et al., 2024).
Histone modifications and chromatin remodeling play critical roles in regulating lineage commitment and cellular identity within tumors. Therapeutic pressure, such as chemotherapy or targeted therapy, can induce adaptive epigenetic reprogramming, enabling a subset of tumor cells to survive and repopulate the tumor. This reversible, non-genetic mechanism of resistance represents a major obstacle to durable clinical responses (Bae et al., 2025).
Targeting epigenetic modifiers involved in maintaining CSC states has therefore emerged as a strategy to sensitize tumors to existing therapies and prevent relapse. By disrupting epigenetic programs that support plasticity, epigenetic drugs may limit the evolutionary capacity of cancer cells (Kumar et al., 2022).
4.3 Epigenetic Therapies and Cancer Immunology
Epigenetic modifiers exert profound effects on tumor–immune interactions. Aberrant epigenetic silencing of antigen presentation machinery, cytokines, and chemokines enables tumors to evade immune detection. Epigenetic therapies can reverse these silenced states, enhancing tumor immunogenicity and restoring immune surveillance. HDAC and DNMT inhibitors have been shown to upregulate expression of tumor antigens and components of the antigen processing pathway, thereby increasing sensitivity to immune checkpoint blockade (Wang et al., 2024). Similarly, epigenetic modulation of immune cells within the tumor microenvironment can shift the balance from immunosuppressive to immunostimulatory states (Sun et al., 2021). These findings have catalyzed significant interest in combining epigenetic drugs with immunotherapies. By priming both tumor cells and immune compartments, epigenetic therapies may overcome primary and acquired resistance to immune-based treatments, extending their benefit to a broader patient population.
Table 3. Epigenetic Drugs: Oncology vs. Infectious Disease Applications
	Drug Class
	Representative Agents
	Approved Oncology Use
	Investigated Infectious Disease Use
	References

	DNMT inhibitors
	Azacitidine, Decitabine
	MDS, AML
	Viral latency reversal
	(Ramos et al., 2020; Wang et al., 2024)

	HDAC inhibitors
	Vorinostat, Romidepsin
	Lymphomas
	HIV “shock-and-kill” strategies
	(Ramos et al., 2020; Convino et al., 2021)

	BET inhibitors
	JQ1 (experimental)
	Solid and hematologic tumors
	Anti-inflammatory, antiviral
	(Sun et al., 2021; Sauvage et al., 2022)

	HMT inhibitors
	EZH2 inhibitors
	Lymphoma
	Limited exploration
	(Convino et al., 2021)



5. Translational and Therapeutic Perspectives
One of the most promising translational opportunities lies in the repurposing of epigenetic drugs initially developed for oncology to treat infectious diseases. DNMT and HDAC inhibitors, which restore expression of silenced tumor suppressor genes in cancer, can similarly reactivate immune and antiviral genes suppressed during chronic infection. This conceptual overlap has been most extensively explored in HIV, where epigenetic drugs are used to reverse viral latency and expose infected cells to immune clearance (Convino et al., 2021).
Beyond viral infections, host-directed epigenetic therapies offer a strategy to enhance antimicrobial immunity without directly targeting the pathogen, thereby reducing selective pressure for resistance (Peterson et al., 2023). In tuberculosis and other chronic infections, modulating host epigenetic states may improve pathogen clearance, limit immunopathology, and enhance the efficacy of existing antimicrobial regimens. Conversely, insights from infectious disease biology particularly regarding immune tolerance and trained immunity can inform oncological strategies aimed at reshaping tumor–immune interactions.
Epigenetic drugs rarely achieve durable clinical responses as monotherapies, reflecting the complexity and redundancy of transcriptional regulatory networks. As a result, combination strategies have emerged as a central translational theme. In oncology, epigenetic modifiers are increasingly combined with chemotherapy, targeted therapy, or immune checkpoint inhibitors to sensitize tumors, overcome resistance, and enhance immune recognition (Dai et al., 2021; Sadida et al., 2023).
Similar principles apply in infectious diseases, where epigenetic therapies may be used to prime host immune responses or disrupt pathogen-induced tolerance before administration of conventional antimicrobials. Strategic timing and sequencing of these combinations are critical, as epigenetic reprogramming can alter cellular responsiveness in both beneficial and detrimental ways (Sauvage et al., 2022).
Conclusion
Epigenetic modifiers have emerged as central regulators of gene expression programs that govern host defense, pathogen persistence, and malignant transformation. Across infectious diseases and cancer, dysregulated epigenetic landscapes enable cellular plasticity, immune evasion, and adaptation to environmental and therapeutic pressures. Unlike fixed genetic alterations, these changes are reversible, positioning epigenetic regulation as a uniquely tractable axis for therapeutic intervention.
This review highlights the shared mechanistic principles by which DNA methylation, histone modifications, chromatin remodeling, and non-coding RNAs shape disease trajectories in both infectious and oncological contexts. Pathogens exploit host epigenetic machinery to suppress antimicrobial responses and establish latency, while cancer cells harness similar mechanisms to silence tumor suppressors, maintain stem-like states, and resist therapy. The convergence of these processes underscores the translational potential of epigenetic modifiers as host-directed therapeutic targets.
Clinical advances in oncology have demonstrated that pharmacological modulation of epigenetic regulators can restore aberrant transcriptional programs and sensitize diseased cells to immune and cytotoxic interventions. Extending these strategies to infectious diseases offers a promising avenue to enhance immune competence, disrupt pathogen persistence, and reduce the emergence of drug resistance. However, challenges related to specificity, toxicity, resistance, and delivery must be addressed to fully realize this potential.
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