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ABSTRACT 

Epigenetic dysregulation is a defining feature of cancer, driving malignant transformation, tumor progression, 
and therapeutic resistance through reversible yet heritable alterations in gene expression. Aberrant DNA 
methylation, histone modifications, and chromatin remodeling disrupt normal cellular identity and enable 
oncogenic transcriptional programs without altering the underlying DNA sequence. Although epigenetic 
enzymes are druggable and several epigenetic inhibitors have reached clinical use, their therapeutic impact has 
been constrained by limited specificity, systemic toxicity, poor pharmacokinetics, and the inability to precisely 
modulate complex epigenetic networks within tumors. Nanotechnology-based strategies have emerged as 
powerful tools to address these limitations by enabling targeted delivery, controlled release, and combinatorial 
modulation of epigenetic regulators. By leveraging nanoscale materials such as liposomes, polymeric 
nanoparticles, inorganic nanocarriers, and self-assembled systems, epigenetic drugs can be selectively delivered 
to tumor cells and subcellular compartments, enhancing efficacy while minimizing off-target effects. This review 
provides a comprehensive overview of nanotechnology-based approaches for modulating epigenetic 
dysregulation in cancer. We examine the biological basis of epigenetic alterations in malignancy, discuss major 
nanocarrier platforms for epigenetic therapy, and highlight advances in targeting DNA methylation, histone 
modifications, and chromatin architecture. Current challenges, translational considerations, and future 
directions for precision epigenetic nanomedicine are also critically discussed. 
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INTRODUCTION 

Epigenetic regulation refers to heritable changes in gene expression that occur without alterations in the DNA 
sequence and are essential for normal development, cellular differentiation, and tissue homeostasis[1, 2]. In 
cancer, these finely tuned regulatory mechanisms become profoundly dysregulated, resulting in widespread 
transcriptional reprogramming that supports oncogenesis, tumor progression, immune evasion, and resistance 
to therapy[3–5]. Unlike genetic mutations, epigenetic alterations are potentially reversible, making them 
particularly attractive therapeutic targets. However, their complexity and dynamic nature necessitate innovative 
strategies for precise and effective intervention. 
One of the most extensively studied epigenetic abnormalities in cancer is aberrant DNA methylation. 
Hypermethylation of promoter-associated CpG islands leads to stable silencing of tumor suppressor genes 
involved in cell cycle control, DNA repair, apoptosis, and differentiation[6, 7]. Concurrently, global DNA 
hypomethylation contributes to genomic instability, activation of oncogenes, and reactivation of transposable 
elements. These opposing yet coexisting methylation patterns create a permissive landscape for malignant 
transformation. DNA methyltransferases, which catalyze the addition of methyl groups to cytosine residues, are 
therefore central mediators of epigenetic dysregulation in cancer[8]. 
Histone modifications represent another critical layer of epigenetic control. Post-translational modifications of 
histone tails, including acetylation, methylation, phosphorylation, and ubiquitination, influence chromatin 
structure and transcriptional accessibility[9, 10]. In cancer, the balance between activating and repressive 

NEWPORT INTERNATIONAL JOURNAL OF SCIENTIFIC 

AND EXPERIMENTAL SCIENCES (NIJSES)  

   Volume 7 Issue 2 Page 78-83, 2026 

©NIJSES PUBLICATIONS 

ONLINE ISSN:2992-5819                 PRINT ISSN:2992-6149  

Open Access 

 

https://doi.org/10.59298/NIJSES/2026/72.7883


 

 
 

Page | 79 

histone marks is frequently disrupted due to altered expression or mutation of histone-modifying enzymes. 
Overactivity of histone deacetylases leads to chromatin compaction and transcriptional repression of tumor 
suppressor genes, while dysregulated histone methyltransferases and demethylases promote oncogenic gene 
expression programs[11, 12]. These changes are highly context-dependent and vary across tumor types and 
disease stages. 
Chromatin remodeling complexes further contribute to epigenetic dysregulation by controlling nucleosome 
positioning and higher-order chromatin organization. Mutations or altered expression of chromatin remodelers 
can profoundly affect genome accessibility, enhancer activity, and long-range chromatin interactions[13]. Such 
alterations often cooperate with DNA methylation and histone modification changes to stabilize malignant 
transcriptional states. Importantly, epigenetic dysregulation also interacts closely with metabolic 
reprogramming, signaling pathways, and the tumor microenvironment, reinforcing cancer cell plasticity and 
adaptability[14]. 
From a therapeutic perspective, epigenetic enzymes are appealing targets because they are enzymatically active 
and pharmacologically tractable. Several inhibitors of DNA methyltransferases and histone deacetylases have 
been approved for hematological malignancies, demonstrating clinical proof of concept[15]. However, these 
agents often lack tumor specificity, affect normal cells, and produce modest responses in solid tumors. Dose-
limiting toxicities, rapid clearance, and poor tumor penetration further restrict their clinical utility[15]. 
Additionally, epigenetic therapies can produce broad transcriptional effects, some of which may be undesirable 
or counterproductive. 
These limitations highlight the need for strategies that enable spatial, temporal, and cell-type–specific 
modulation of epigenetic regulators. Nanotechnology offers unique opportunities to meet these needs by 
improving drug solubility, protecting labile molecules, enhancing tumor accumulation, and enabling targeted 
delivery to specific cell populations or subcellular compartments[16–18]. By integrating an understanding of 
cancer epigenetics with advances in nanoscale engineering, it becomes possible to design precision therapies 
that exploit the reversibility of epigenetic dysregulation while minimizing systemic harm. 
2. Nanotechnology Platforms for Epigenetic Drug Delivery (500 words) 
Nanotechnology-based drug delivery systems encompass a diverse range of materials engineered at the 
nanoscale to improve the pharmacological performance of therapeutic agents [19]. In the context of epigenetic 
therapy, these platforms are particularly valuable because many epigenetic drugs suffer from poor solubility, 
rapid degradation, and off-target toxicity[20, 21]. Nanocarriers can encapsulate, protect, and selectively deliver 
epigenetic modulators to tumor tissues, thereby enhancing therapeutic index. 
Lipid-based nanoparticles, including liposomes and solid lipid nanoparticles, are among the most extensively 
studied carriers for epigenetic drugs. Their biocompatibility, structural flexibility, and ability to encapsulate 
both hydrophilic and hydrophobic molecules make them attractive for clinical translation[22, 23]. Liposomal 
formulations of histone deacetylase inhibitors and DNA methyltransferase inhibitors have demonstrated 
improved circulation time and reduced systemic toxicity in preclinical models. 
Polymeric nanoparticles offer additional versatility through tunable size, surface chemistry, and degradation 
kinetics. Biodegradable polymers can be engineered to release epigenetic drugs in response to pH, redox 
conditions, or enzymatic activity characteristic of tumor tissues[24–26]. These features allow for controlled 
and sustained drug release, which is particularly important for epigenetic modulation that often requires 
prolonged exposure. 
Inorganic nanomaterials, such as gold nanoparticles, silica nanoparticles, and magnetic nanoparticles, provide 
unique physicochemical properties that can be exploited for imaging-guided therapy and externally triggered 
drug release[27–29]. Although concerns about long-term safety remain, these platforms enable multifunctional 
designs that combine epigenetic modulation with diagnostics or thermal and magnetic targeting. Collectively, 
nanotechnology platforms form the foundation for precision epigenetic therapy by addressing the delivery-
related limitations of conventional epigenetic drugs. 
3. Nanotechnology-Based Targeting of DNA Methylation Pathways 
Aberrant DNA methylation represents a hallmark of cancer, driving silencing of tumor suppressor genes, 
promoting genomic instability, and contributing to drug resistance. Therapeutic targeting of DNA 
methyltransferases (DNMTs) has therefore emerged as a central strategy in epigenetic oncology[30]. However, 
conventional DNMT inhibitors face significant challenges, including poor bioavailability, rapid degradation, 
and systemic toxicity, which limit their clinical efficacy. Nanotechnology-based delivery systems offer solutions 
to these limitations by enhancing drug stability, targeting, and intracellular bioavailability[31]. 
Encapsulation of DNMT inhibitors within nanoparticles protects labile molecules from enzymatic degradation 
and renal clearance, extending circulation time and improving accumulation in tumors via the enhanced 
permeability and retention (EPR) effect[32]. Lipid-based, polymeric, and inorganic nanoparticles have all been 
explored for this purpose, providing platforms capable of high drug loading and tunable release profiles. This 
passive targeting enhances drug delivery to malignant tissues while minimizing off-target effects in healthy 
organs[20]. 
Active targeting further refines therapeutic precision. Surface modification of nanoparticles with ligands such 
as folate, transferrin, or peptides recognizing tumor-associated receptors enables preferential uptake by cancer 
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cells with epigenetic dysregulation[33]. By concentrating inhibitors within tumor cells, intracellular drug levels 
are elevated, improving DNMT blockade while sparing normal tissues. Stimuli-responsive nanocarriers exploit 
tumor-specific microenvironmental cues such as acidic pH, elevated reactive oxygen species, or overexpressed 
enzymes to trigger selective release of DNMT inhibitors, further enhancing safety and specificity[33]. 
Nanotechnology also facilitates combinatorial strategies that expand the therapeutic potential of DNA 
methylation targeting. DNMT inhibitors can be co-delivered with chemotherapeutic agents, small-molecule 
epigenetic modulators, or immunotherapies within a single nanoparticle, enabling synergistic effects[34]. For 
example, demethylation of silenced tumor suppressor genes can increase antigen presentation, sensitizing 
tumors to immune checkpoint blockade. Similarly, combined delivery with histone deacetylase inhibitors or 
chemotherapeutics can simultaneously relieve epigenetic repression and induce cytotoxic stress, overcoming 
resistance mechanisms. 
Beyond pharmacological synergy, nanotechnology enables spatial and temporal control over DNA methylation 
inhibition. Controlled release systems maintain sustained intracellular concentrations, supporting persistent 
epigenetic reprogramming while minimizing systemic toxicity[35]. Multimodal nanoparticles can integrate 
imaging agents to monitor drug delivery and pharmacodynamic effects in real time, enabling personalized 
adjustment of therapy. Collectively, these strategies illustrate the capacity of nanotechnology to transform DNA 
methylation targeting into a more precise, effective, and clinically translatable approach. 
4. Nanotherapeutic Modulation of Histone Modifications 
Histone modifications, including acetylation, methylation, phosphorylation, and ubiquitination, play a pivotal 
role in regulating chromatin accessibility and gene transcription. Dysregulation of these marks contributes to 
oncogenesis, tumor progression, and therapy resistance[36]. Nanotechnology-based delivery systems provide 
a versatile platform to improve the efficacy and specificity of histone-modifying drugs, such as histone 
deacetylase (HDAC) inhibitors and histone methyltransferase modulators, while overcoming challenges 
associated with cellular uptake and nuclear localization[37, 38]. 
Nanoparticles can enhance the intracellular delivery of histone-targeting agents by facilitating endocytosis and 
promoting endosomal escape. Peptide-functionalized nanocarriers and polymeric systems incorporating nuclear 
localization signals enable efficient transport of payloads into the nucleus, the primary site of histone 
modification[39]. Controlled and sustained release profiles allow persistent exposure, which is often necessary 
to induce stable changes in chromatin structure and transcriptional programs. 
Multidrug encapsulation is particularly advantageous in epigenetic therapy. Nanoparticles can co-deliver HDAC 
inhibitors alongside modulators of histone methylation, achieving synergistic effects on chromatin accessibility 
and gene expression[40]. By fine-tuning the stoichiometry and release kinetics, nanocarriers provide precise 
control over the temporal and spatial exposure of multiple agents, maximizing therapeutic efficacy while 
minimizing off-target effects[41]. 
Beyond drug delivery, nanotechnology can facilitate tumor-specific activation. Stimuli-responsive systems, 
triggered by acidic pH, enzymatic activity, or redox gradients, release histone-modifying agents selectively 
within the tumor microenvironment or intracellular compartments[42]. This specificity reduces collateral 
toxicity to normal cells and enhances epigenetic reprogramming within malignant cells. 
Nanotechnology-based histone modulation also enables integration with other therapeutic strategies. For 
instance, epigenetic priming via nanoparticle-delivered HDAC inhibitors can increase tumor immunogenicity, 
enhancing the effectiveness of immunotherapy[43]. Similarly, co-delivery with chemotherapeutics can 
synergize epigenetic reprogramming with cytotoxic stress, overcoming resistance. By refining nuclear 
targeting, combinatorial delivery, and microenvironmental responsiveness, nanotherapeutic systems offer a 
robust approach to reshape oncogenic transcriptional programs while minimizing collateral damage. Such 
precision epigenetic modulation exemplifies the transformative potential of nanotechnology in cancer therapy. 
5. Targeting Chromatin Remodeling and Non-Coding Epigenetic Regulators 
Beyond DNA methylation and histone modification, chromatin architecture is dynamically regulated by 
chromatin remodeling complexes and non-coding RNAs, including microRNAs (miRNAs) and long non-coding 
RNAs (lncRNAs)[44]. Dysregulation of these pathways contributes to aberrant gene expression, stemness, 
metastasis, and therapy resistance. Nanotechnology provides a robust platform for the delivery of nucleic acid–
based therapeutics that target these epigenetic regulators[45]. 
Nanocarriers protect RNA molecules from degradation by nucleases and facilitate cellular uptake, endosomal 
escape, and cytosolic or nuclear localization. Lipid-based nanoparticles, polymeric systems, and exosome-
mimetic vesicles have all been explored for the delivery of tumor-suppressive miRNAs or lncRNA inhibitors. 
By restoring the function of tumor-suppressive non-coding RNAs or silencing oncogenic RNAs, these systems 
can indirectly reprogram chromatin structure and gene expression[46, 47]. 
Targeting specificity is further enhanced through surface functionalization with tumor-recognizing ligands, 
allowing selective delivery to malignant cells while sparing normal tissues[47]. Nanotechnology also enables 
co-delivery of nucleic acids with complementary epigenetic modulators, such as DNMT or HDAC inhibitors, 
achieving integrated remodeling of epigenetic networks. This multi-layered strategy addresses the complexity 
of chromatin regulation, targeting both enzymatic and non-coding RNA-mediated pathways. 
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By leveraging precise delivery and protection of nucleic acids, nanotechnology expands the therapeutic 
landscape of epigenetic oncology, moving beyond classical enzyme inhibition to encompass broader regulatory 
networks that govern chromatin dynamics. 
6. Combinatorial and Precision Epigenetic Nanomedicine 
Epigenetic dysregulation in cancer is inherently multifactorial, involving intertwined pathways that often 
exhibit redundancy and compensatory feedback. Single-agent interventions frequently fail to produce durable 
responses, highlighting the need for combinatorial strategies. Nanotechnology enables co-encapsulation of 
multiple epigenetic modulators—including DNA methylation inhibitors, histone-modifying agents, and nucleic 
acid therapeutics—within a single delivery platform[48]. This approach ensures synchronized action at the 
tumor site, maintaining optimal drug ratios and enhancing therapeutic synergy. 
Precision epigenetic nanomedicine further integrates tumor-specific biomarkers, microenvironmental cues, and 
patient stratification to guide therapeutic design. Stimuli-responsive nanocarriers can adapt to heterogeneous 
tumor environments, releasing payloads selectively in response to biochemical signals such as pH, enzyme 
activity, or hypoxia[49]. This adaptability enhances efficacy while minimizing systemic toxicity. 
Integration with imaging or theranostic functions enables real-time monitoring of drug delivery and epigenetic 
modulation, supporting adaptive treatment strategies. Such systems can be personalized to individual patients, 
taking into account tumor epigenetic profiles, microenvironmental characteristics, and prior therapeutic 
responses[49]. 
By combining targeted, combinatorial, and adaptive approaches, precision epigenetic nanomedicine positions 
nanotechnology as a cornerstone for next-generation cancer therapy, offering the potential to overcome 
resistance, suppress tumor progression, and achieve durable clinical outcomes. 
7. Conclusion and Future Perspectives  
Nanotechnology-based strategies have transformed the landscape of epigenetic cancer therapy by addressing 
fundamental challenges associated with specificity, delivery, and toxicity. By enabling precise modulation of 
DNA methylation, histone modifications, and chromatin remodeling, nanotherapeutics unlock the full 
therapeutic potential of epigenetic regulation. Continued progress will depend on integrating advances in cancer 
epigenomics, materials science, and clinical oncology. Key priorities include improving scalability, ensuring 
long-term safety, and developing biomarker-driven approaches to patient selection. As these challenges are met, 
nanotechnology-based epigenetic modulation is poised to play a central role in precision oncology, offering 
durable and adaptable therapeutic solutions for diverse cancer types. 

REFERENCES 
1.  Casari, G., Romaldi, B., Scirè, A., Minnelli, C., Marzioni, D., Ferretti, G., Armeni, T.: Epigenetic Properties 

of Compounds Contained in Functional Foods Against Cancer. Biomolecules. 15, 15 (2024). 
https://doi.org/10.3390/biom15010015 

2.  Saleh, H.A., Yousef, M.H., Abdelnaser, A.: The Anti-Inflammatory Properties of Phytochemicals and 

Their Effects on Epigenetic Mechanisms Involved in TLR4/NF-κB-Mediated Inflammation. Front. 
Immunol. 12, 606069 (2021). https://doi.org/10.3389/fimmu.2021.606069 

3.  Gu, M., Ren, B., Fang, Y., Ren, J., Liu, X., Wang, X., Zhou, F., Xiao, R., Luo, X., You, L., Zhao, Y.: 
Epigenetic regulation in cancer. MedComm. 5, e495 (2024). https://doi.org/10.1002/mco2.495 

4.  Tao, L., Zhou, Y., Luo, Y., Qiu, J., Xiao, Y., Zou, J., Zhang, Y., Liu, X., Yang, X., Gou, K., Xu, J., Guan, 
X., Cen, X., Zhao, Y.: Epigenetic regulation in cancer therapy: From mechanisms to clinical advances. 
MedComm – Oncol. 3, e59 (2024). https://doi.org/10.1002/mog2.59 

5.  Ejemot-Nwadiaro, R.I., Basajja, M., Uti, D.E., Ugwu, O.P.-C., Aja, P.M.: Epitranscriptomic alterations 
induced by environmental toxins: implications for RNA modifications and disease. Genes Environ. 47, 14 
(2025). https://doi.org/10.1186/s41021-025-00337-9 

6.  Ehrlich, M.: DNA hypermethylation in disease: mechanisms and clinical relevance. Epigenetics. 14, 1141–
1163 (2019). https://doi.org/10.1080/15592294.2019.1638701 

7.  Pathak, A., Tomar, S., Pathak, S.: Epigenetics and Cancer: A Comprehensive Review. Asian Pac. J. Cancer 
Biol. 8, 75–89 (2023). https://doi.org/10.31557/apjcb.2023.8.1.75-89 

8.  Sheaffer, K.L., Elliott, E.N., Kaestner, K.H.: DNA Hypomethylation Contributes to Genomic Instability 
and Intestinal Cancer Initiation. Cancer Prev. Res. (Phila. Pa.). 9, 534–546 (2016). 
https://doi.org/10.1158/1940-6207.CAPR-15-0349 

9.  Liu, R., Wu, J., Guo, H., Yao, W., Li, S., Lu, Y., Jia, Y., Liang, X., Tang, J., Zhang, H.: Post‐translational 
modifications of histones: Mechanisms, biological functions, and therapeutic targets. MedComm. 4, e292 
(2023). https://doi.org/10.1002/mco2.292 

10.  Lin, Y., Qiu, T., Wei, G., Que, Y., Wang, W., Kong, Y., Xie, T., Chen, X.: Role of Histone Post-
Translational Modifications in Inflammatory Diseases. Front. Immunol. 13, 852272 (2022). 
https://doi.org/10.3389/fimmu.2022.852272 

11.  Li, G., Tian, Y., Zhu, W.-G.: The Roles of Histone Deacetylases and Their Inhibitors in Cancer Therapy. 
Front. Cell Dev. Biol. 8, 576946 (2020). https://doi.org/10.3389/fcell.2020.576946 



 

 
 

Page | 82 

12.  Akwari, A.Ak., Okoroh, P.N., Aniokete, U.C., Abba, J.N., Uti, D.E.: Phytochemicals as modulators of 
ferroptosis: a novel therapeutic avenue in cancer and neurodegeneration. Mol. Biol. Rep. 52, 636 (2025). 
https://doi.org/10.1007/s11033-025-10752-4 

13.  Wu, W., Cui, Y., Wu, Y., Ni, Y., Zhao, C., Sun, W., Yi, Q.: Epigenetic roles of chromatin remodeling 
complexes in bone biology and the pathogenesis of bone-related disease (Review). Int. J. Mol. Med. 56, 
115 (2025). https://doi.org/10.3892/ijmm.2025.5556 

14.  Crispo, F., Condelli, V., Lepore, S., Notarangelo, T., Sgambato, A., Esposito, F., Maddalena, F., 
Landriscina, M.: Metabolic Dysregulations and Epigenetics: A Bidirectional Interplay that Drives Tumor 
Progression. Cells. 8, 798 (2019). https://doi.org/10.3390/cells8080798 

15.  Ghiboub, M., Elfiky, A.M.I., de Winther, M.P.J., Harker, N.R., Tough, D.F., de Jonge, W.J.: Selective 
Targeting of Epigenetic Readers and Histone Deacetylases in Autoimmune and Inflammatory Diseases: 
Recent Advances and Future Perspectives. J. Pers. Med. 11, 336 (2021). 
https://doi.org/10.3390/jpm11050336 

16.  Ma, J., Zhao, C.F., Liu, X.: Advances in targeted therapeutics and smart delivery systems based on 
precision nano-oncology. Int. Immunopharmacol. 169, 115946 (2026). 
https://doi.org/10.1016/j.intimp.2025.115946 

17.  Alghamdi, M.A., Fallica, A.N., Virzì, N., Kesharwani, P., Pittalà, V., Greish, K.: The Promise of 
Nanotechnology in Personalized Medicine. J. Pers. Med. 12, 673 (2022). 
https://doi.org/10.3390/jpm12050673 

18.  Uti, D.E., Omang, W.A., Alum, E.U., Bawa, I., Ugwu, O.P.-C., Idowu, A.O., Atangwho, I.J., Egbung, G.E.: 
Theranostic Nanoparticles in Prostate Cancer: Disrupting Hypoxia-Induced Glycolysis by Targeting 
Hypoxia-Inducible Factor-1 Alpha and Downstream Metabolites. Cancer Med. 15, e71519 (2026). 
https://doi.org/10.1002/cam4.71519 

19.  Nwuruku, O.A., Ugwu, O.P.-C., Uti, D.E., Edwin, N.: Harnessing nature: plant-derived nanocarriers for 
targeted drug delivery in cancer therapy. Phytomedicine Plus. 5, 100828 (2025). 
https://doi.org/10.1016/j.phyplu.2025.100828 

20.  Atangwho, I.J., Ugwu, O.P.-C., Egbung, G.E., Aja, P.M.: Lipid-based nano-carriers for the delivery of anti-
obesity natural compounds: advances in targeted delivery and precision therapeutics. J. 
Nanobiotechnology. 23, 336 (2025). https://doi.org/10.1186/s12951-025-03412-z 

21.  Omang, W.A., Wokoma, M.A., Oplekwu, R.I., Atangwho, I.J., Egbung, G.E.: Targeting CD44-Hyaluronic 
Acid Signalling in Obesity Treatment: Insights from Small Molecules and Nanobioconjugates. Nutr. 
Metab. Insights. 19, 11786388251408961 (2026). https://doi.org/10.1177/11786388251408961 

22.  Dymek, M., Sikora, E.: Liposomes as biocompatible and smart delivery systems – the current state. Adv. 
Colloid Interface Sci. 309, 102757 (2022). https://doi.org/10.1016/j.cis.2022.102757 

23.  Taher, M., Susanti, D., Haris, M.S., Rushdan, A.A., Widodo, R.T., Syukri, Y., Khotib, J.: PEGylated 
liposomes enhance the effect of cytotoxic drug: A review. Heliyon. 9, e13823 (2023). 
https://doi.org/10.1016/j.heliyon.2023.e13823 

24.  Eltaib, L.: Polymeric Nanoparticles in Targeted Drug Delivery: Unveiling the Impact of Polymer 
Characterization and Fabrication. Polymers. 17, (2025). https://doi.org/10.3390/polym17070833 

25.  Herdiana, Y., Wathoni, N., Shamsuddin, S., Muchtaridi, M.: Scale-up polymeric-based nanoparticles drug 
delivery systems: Development and challenges. OpenNano. 7, 100048 (2022). 
https://doi.org/10.1016/j.onano.2022.100048 

26.  Zielińska, A., Carreiró, F., Oliveira, A.M., Neves, A., Pires, B., Venkatesh, D.N., Durazzo, A., Lucarini, M., 
Eder, P., Silva, A.M., Santini, A., Souto, E.B.: Polymeric Nanoparticles: Production, Characterization, 
Toxicology and Ecotoxicology. Molecules. 25, 3731 (2020). https://doi.org/10.3390/molecules25163731 

27.  Koushki, K., Biswal, P., Vijay, G.V., Sadeghi, M., Dehnavi, S., Tra, N.T., Samala, S.K., Taba, M.Y., Vasan, 
A.B., Han, E., Mackeyev, Y., Krishnan, S.: Immunomodulatory Effects of Gold Nanoparticles: Impacts on 
Immune Cells and Mechanisms of Action. Nanomaterials. 15, (2025). 
https://doi.org/10.3390/nano15151201 

28.  Xu, L., Qiu, J., Ren, Q., Wang, D., Guo, A., Wang, L., Hou, K., Wang, R., Liu, Y.: Gold nanoparticles 
modulate macrophage polarization to promote skeletal muscle regeneration. Mater. Today Bio. 32, 
101653 (2025). https://doi.org/10.1016/j.mtbio.2025.101653 

29.  Wu, J., Ko ,Sungeun, Lee ,Eunseo, Son ,Euijin, Kang ,Gyeonghui, Hur ,Seoyoung, Lee ,Jung-Hoon, Oh 
,Jeong-Wook, and Kim, Y.: Gold nanoparticles in imaging: advances, applications, and future perspectives. 
Appl. Spectrosc. Rev. 0, 1–40. https://doi.org/10.1080/05704928.2025.2495022 

30.  Geissler, F., Nesic, K., Kondrashova, O., Dobrovic, A., Swisher, E.M., Scott, C.L., J. Wakefield, M.: The 
role of aberrant DNA methylation in cancer initiation and clinical impacts. Ther. Adv. Med. Oncol. 16, 
17588359231220511 (2024). https://doi.org/10.1177/17588359231220511 

31.  Mazloumi, Z., Farahzadi, R., Rafat, A., Dizaji Asl, K., Karimipour, M., Montazer, M., Movassaghpour, 
A.A., Dehnad, A., Nozad Charoudeh, H.: Effect of aberrant DNA methylation on cancer stem cell 
properties. Exp. Mol. Pathol. 125, 104757 (2022). https://doi.org/10.1016/j.yexmp.2022.104757 



 

 
 

Page | 83 

32.  Chen, L., Deng, X., Shen, Q., Chen, M., Li, C., Wang, S.: Novel Dual Strategy Based on EPR/AT for 
Optimizing Therapeutic Effect by Improving Drug Delivery System Physicochemical Properties and 
Regulating TME. Int. J. Nanomedicine. 21, 1–26 (2026). https://doi.org/10.2147/IJN.S559763 

33.  Tian, K., Sheng, J., Chen, J., Zhang, M., Song, J., Wu, M., Zhao, Y., Zhang, S.: Advancing precision tumor 
therapy: Progress in targeted delivery of peptide-based nanomaterials from microenvironment to 
organelles. Mater. Today Bio. 37, 102820 (2026). https://doi.org/10.1016/j.mtbio.2026.102820 

34.  Ahmad, U., Islam, A., Khan, M.M., Akhtar, J.: Nanotechnology-driven Epigenetic Cancer Therapy: 
Precision Delivery and Sustained Release of DNA Methylation Modulators. Yale J. Biol. Med. 98, 227–
235 (2025). https://doi.org/10.59249/GVNM8843 

35.  Xu, M., Zhang, X., Yu, X., Ma, C., Li, X., Chen, G., Yuan, G., Lin, S., Cui, R.: Epigenetic and metabolic 
reprogramming via nanotechnology: a synergistic approach to cancer vaccination in lung tumors. Front. 
Genet. 16, 1666561 (2025). https://doi.org/10.3389/fgene.2025.1666561 

36.  Yang, Y., Zhang, M., Wang, Y.: The roles of histone modifications in tumorigenesis and associated 
inhibitors in cancer therapy. J. Natl. Cancer Cent. 2, 277–290 (2022). 
https://doi.org/10.1016/j.jncc.2022.09.002 

37.  Tu, B., Zhang, M., Liu, T., Huang, Y.: Nanotechnology-Based Histone Deacetylase Inhibitors for Cancer 
Therapy. Front. Cell Dev. Biol. 8, 400 (2020). https://doi.org/10.3389/fcell.2020.00400 

38.  Li, T., Chen, Y., Li, S.: The Advances in the Development of Epigenetic Modifications Therapeutic Drugs 
Delivery Systems. Int. J. Nanomedicine. 19, 10623–10637 (2024). https://doi.org/10.2147/IJN.S480095 

39.  Skowicki, M., Tarvirdipour, S., Kraus, M., Schoenenberger, C.-A., Palivan, C.G.: Nanoassemblies designed 
for efficient nuclear targeting. Adv. Drug Deliv. Rev. 211, 115354 (2024). 
https://doi.org/10.1016/j.addr.2024.115354 

40.  Udechukwu, C.D., Obasi, D.C.: Exploiting allosteric modulation: a new frontier for precision medicine. 
Mol. Biol. Rep. 52, 549 (2025). https://doi.org/10.1007/s11033-025-10650-9 

41.  Li, T., Chen, Y., Li, S.: The Advances in the Development of Epigenetic Modifications Therapeutic Drugs 
Delivery Systems. Int. J. Nanomedicine. 19, 10623–10637 (2024). https://doi.org/10.2147/IJN.S480095 

42.  Joshi, D.C., Prasad, S., Bhati, V., Sharma, P.K., Joshi, N., Durgapal, S., Chavan, M.B., Maurya, V.K., 
Subramaniyan, V., Paudel, K.R., Gupta, M.: Revolutionizing cancer treatment: Nanotherapeutics 
targeting the tumor micro-environment. Colloids Surf. B Biointerfaces. 258, 115204 (2026). 
https://doi.org/10.1016/j.colsurfb.2025.115204 

43.  Lian, S., Yang, W., Zeng, Y., Tang, R., Wang, K.: Targeted nano-drug delivery systems for tumor 
immunotherapy. J. Pharm. Anal. 16, 101408 (2026). https://doi.org/10.1016/j.jpha.2025.101408 

44.  Ikpozu, E.N., Offor, C.E., Igwenyi, I.O., Obaroh, I.O., Ibiam, U.A., Ukaidi, C.U.A.: RNA-based diagnostic 
innovations: A new frontier in diabetes diagnosis and management. Diab. Vasc. Dis. Res. 22, 
14791641251334726 (2025). https://doi.org/10.1177/14791641251334726 

45.  Prasad, S., Adivikolanu, H., Banerjee, A., Mittal, M., Lemos, J.R.N., Mittal, R., Hirani, K.: The role of 
microRNAs and long non-coding RNAs in epigenetic regulation of T cells: implications for autoimmunity. 
Front. Immunol. 16, 1695894. https://doi.org/10.3389/fimmu.2025.1695894 

46.  Gorshkov, A., Purvinsh, L., Brodskaia, A., Vasin, A.: Exosomes as Natural Nanocarriers for RNA-Based 
Therapy and Prophylaxis. Nanomaterials. 12, 524 (2022). https://doi.org/10.3390/nano12030524 

47.  Golubovic, A., Tsai, S., Li, B.: Bioinspired Lipid Nanocarriers for RNA Delivery. ACS Bio Med Chem Au. 
3, 114–136 (2023). https://doi.org/10.1021/acsbiomedchemau.2c00073 

48.  Imran, K., Iqbal, M.J., Ahmed, M.M., Khalid, A., Cortés, H., Reyes-Hernández, O.D., Figueroa-González, 
G., Leyva-Gómez, G., Falzone, L., Libra, M., Longo, F., Sharifi-Rad, J., Calina, D.: Epigenetic 
dysregulation in cancer: mechanisms, diagnostic biomarkers and therapeutic strategies. Med. Oncol. 42, 
359 (2025). https://doi.org/10.1007/s12032-025-02905-z 

49.  Sabit, H., Pawlik, T.M., Radwan, F., Abdel-Hakeem, M., Abdel-Ghany, S., Wadan, A.-H.S., Elzawahri, M., 
El-Hashash, A., Arneth, B.: Precision nanomedicine: navigating the tumor microenvironment for 
enhanced cancer immunotherapy and targeted drug delivery. Mol. Cancer. 24, 160 (2025). 
https://doi.org/10.1186/s12943-025-02357-z 

 
 

CITE AS: Ssenkayi Julius (2026). Nanotechnology-Based Strategies for 

Modulating Epigenetic Dysregulation in Cancer. NEWPORT 

INTERNATIONAL JOURNAL OF SCIENTIFIC AND 

EXPERIMENTAL SCIENCES, 7(2):78-83. 

https://doi.org/10.59298/NIJSES/2026/72.7883 

 

https://doi.org/10.59298/NIJSES/2026/72.7883

