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The term “epigenetics” comes from the union of the words “epigenesis” and “genet-
ics”, coined by the British embryologist Conrad Waddington in 1942 [1], to contrast the
preformationist theory, prevalent at that time, according to which adult organisms are
already preformed in miniature (germini) in the egg or in the sperm, but develop through
continuous processes from a single cell (fertilized oocyte) [2], underlining how embryonic
development and cellular differentiation are the result of a complex interaction between
the genetic makeup and the influences of the environment.

The first epigenetic modification to be brought to light, between the 60 s and 70 s, was
the methylation of the nitrogenous bases of DNA (known since the 40 s) [3]. Since then, new
and interesting epigenetic mechanisms have been discovered, among which, in addition
to the already mentioned methylation, hydroxymethylation (5-hydroxymethylcytosine,
5hmC) stands out, with modifications that occur directly on the nitrogenous bases of DNA,
influencing the accessibility of the transcriptional machinery to the gene promoter; post-
translational modifications of histones (PTMs) such as acetylation, methylation, phosphory-
lation, ubiquitination, sumoylation, lactylation, etc., “molecular switches” that modify the
structure of chromatin (open/accessible or closed/compacted) and determine whether a
gene is turned on (expressed) or turned off (silenced); mechanisms mediated by non-coding
RNAs such as microRNAs (miRNAs) and Long non-coding RNAs (lncRNAs) that act at
the transcriptional and post-transcriptional levels, modulating gene expression, splicing
and stability [4–6].

More recently, research has identified a wide range of less common modifications that
greatly expand the complexity of the cellular “language”, such as crotonylation, acetylation-
like butyrylation, and propionylation [7]. Glutanylation and ADP-ribosylation [8], mod-
ifications that play key roles in the response to oxidative stress and in DNA damage
repair. Serotonylation [9] and dopaminylation [10] directly link to histones (especially H3),
influencing gene expression in neurons, etc.

In this context, the Special Issue “Molecular Research on Epigenetic Modifications”
aims to provide a significant scientific platform for furthering our understanding of epi-
genetic mechanisms through a carefully selected series of three original articles and three
reviews. The focus of these articles is not only to describe the underlying molecular pro-
cesses but also to understand their crucial impact on human health, cellular development,
and responses to environmental stimuli, whether arising from chemical/physical stressors
or from microorganisms such as viruses.

In this scenario, epigenetics becomes a keystone for understanding biological plasticity,
paving the way for new and innovative therapeutic strategies. It encompasses diverse
topics, from the study of circulating cell-free DNA as an early diagnostic tool, to the
interaction between the gut microbiota, epigenetic mechanisms, and metabolic health, to
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the study of classical demethylases, epigenetic mechanisms in viruses and eukaryotic cells,
and autoimmune diseases. Let us examine a short excerpt from each of these topics.

In the study by Qvick et al. [11], differentially methylated regions (DMRs) in circulating
cell-free DNA (cfDNA) are analyzed as an early, novel diagnostic tool. The clear methylation
differences and the DMR-based classification support cfDNA methylation as a robust
biomarker for cancer detection in patients with confounding conditions, highlighting
how analyzing the epigenetic profile of cfDNA overcomes the limitations of classical
protein biomarkers, which are often influenced by inflammatory states. By identifying
specific DMRs, researchers were able to precisely distinguish and isolate unique molecular
“signatures” even in the presence of chronic diseases or confounding conditions that
normally generate false positives.

The study by Agodi et al. [12] analyzes the impact of bariatric surgery on non-alcoholic
fatty liver disease (NAFLD), exploring the complex interaction between gut microbiota,
epigenetic mechanisms, and metabolic health.

Through DNA methylation analysis, the researchers identified significant changes
in CpG sites between baseline and six months post-surgery. These changes predomi-
nantly affect genes involved in the autophagy pathway, suggesting a restoration of cellular
degradation processes essential for the resolution of liver damage.

The results confirm that responses to surgery are highly individualized and highlight
the importance of integrating epigenetic profiling and microbiota monitoring into clinical
management. This approach paves the way for personalized therapeutic strategies capable
of optimizing clinical outcomes and improving the prognosis of patients with NAFLD.

The work of Cruz et al. [13] demonstrates that the demethylase JMJD1B is essential for
genome stability, as it ensures the proper influx of histones H3 and H4 into the nucleus.
Its deficiency hinders chromatin assembly, causing DNA damage, while its presence
in melanoma drastically reduces the accumulation of oncogenic mutations, acting as a
safeguard against genomic instability.

The review by Cevenini et al. [14] offers a detailed analysis of how human cy-
tomegalovirus (HCMV) manages to persist in the host for entire decades, alternating
periods of absolute silence (latency phase) with sudden phases of active replication (lytic
phase), in which the key element of this biological “switch” is epigenetic regulation. The
process begins almost instantaneously: just 30 min after entering the cell, the viral DNA
(which enters as a naked molecule) begins to organize itself into nucleosomes, acquiring a
chromatin structure similar to that of the human genome.

The review by Schiano et al. [15] analyzes how the integrity of the vascular system is
compromised by shared molecular mechanisms, with a focus on extracellular vesicles (EVs)
as mediators of vascular remodeling and neoangiogenesis. The authors highlight the role of
exosomes as reversible epigenetic switches, capable of triggering functional modifications
of the vessel in both cardiovascular diseases and cancer.

The review by Pesqueda-Cendejas et al. [16] highlights the role of epigenetic alterations,
particularly DNA hypomethylation, in the pathogenesis of Systemic Lupus Erythematosus
(SLE). These changes can be influenced by diet, making nutrition a potential adjuvant
therapeutic tool.

The future of epigenetics. Born as a branch of modern genetics and considered one of
the most important revolutions in biology in recent decades, it has yet to fully live up to
expectations regarding its enormous intrinsic potential.

The extreme complexity that arises from the interaction between DNA and the envi-
ronment through countless reversible modifications, compared to classical genetics, has
contributed to the stratification of complex, difficult-to-understand superstructures that,
once revealed, will lead to unparalleled scientific/technological development.
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The “near” future of medicine lies in this ability to decode and modulate interactions
between the genome and environmental stimuli, transforming genetic susceptibility into a
manageable and reversible parameter.

The main areas of development can be summarized in 5 key points: (i) Personalized
Medicine and Longevity: The creation of epigenetic maps of aging allows to determine
the biological age of individual organs, paving the way for targeted interventions to slow
down cellular decline [17]; (ii) Oncology and Early Diagnostics: The use of “machine
learning” to analyze epigenetic markers is improving the early diagnosis of complex
tumors, such as juvenile osteosarcoma [18]; (iii) Neuroscience and Psychiatry: Interventions
are being studied to modulate the epigenetic response in diseases such as Alzheimer’s,
depression and schizophrenia, influencing processes such as neuroinflammation, etc. [19];
(iv) Nutrigenetics and Sport: The integration of epigenetic data will allow to optimize
athletic performance and health through diets and lifestyles “designed” on the individual
epigenetic profile [20]; (v) Transgenerational Inheritance: Research is investigating how
parents’ traumas and environmental exposures can be transmitted to future generations,
offering new insights into family health prevention [21].

Funding: This research received no external funding. The author received a full APC waiver.

Data Availability Statement: No new data were generated for this editorial. The citations in this
article have been reworked from scientific articles as indicated in the bibliography.

Conflicts of Interest: Marco Miceli was employed by CEINGE-Biotecnologie Avanzate Franco Salvatore.

References
1. Waddington, C.H. The epigenotype 1942. Int. J. Epidemiol. 2012, 41, 10–13. [CrossRef] [PubMed]
2. Waddington, C.H. The Strategy of the Genes; Routledge: London, UK, 2014.
3. Hotchkiss, R.D. The quantitative separation of purines, pyrimidines, and nucleosides by paper chromatography. J. Biol. Chem.

1948, 175, 315–332. [CrossRef] [PubMed]
4. Handy, D.E.; Castro, R.; Loscalzo, J. Epigenetic modifications: Basic mechanisms and role in cardiovascular disease. Circulation

2011, 123, 2145–2156. [CrossRef] [PubMed]
5. Mohana Devi, S.; Mahalaxmi, I.; Kaavya, J.; Chinnkulandhai, V.; Balachandar, V. Does epigenetics have a role in age related

macular degeneration and diabetic retinopathy? Genes Dis. 2020, 8, 279–286. [CrossRef] [PubMed]
6. Lossi, L.; Castagna, C.; Merighi, A. An Overview of the Epigenetic Modifications in the Brain under Normal and Pathological

Conditions. Int. J. Mol. Sci. 2024, 25, 3881. [CrossRef] [PubMed]
7. Sabari, B.R.; Zhang, D.; Allis, C.D.; Zhao, Y. Metabolic regulation of gene expression through histone acylations. Nat. Rev. Mol.

Cell Biol. 2017, 18, 90–101. [CrossRef] [PubMed]
8. Aiken, C.T.; Kaake, R.M.; Wang, X.; Huang, L. Oxidative stress-mediated regulation of proteasome complexes. Mol. Cell Proteomics

2011, 10, R110.006924. [CrossRef]
9. Farrelly, L.A.; Thompson, R.E.; Zhao, S.; Lepack, A.E.; Lyu, Y.; Bhanu, N.V.; Zhang, B.; Loh, Y.-H.E.; Ramakrishnan, A.; Vadodaria,

K.C.; et al. Histone serotonylation is a permissive modification that enhances TFIID binding to H3K4me3. Nature 2019, 567,
535–539. [CrossRef] [PubMed]

10. Lepack, A.E.; Werner, C.T.; Stewart, A.F.; Fulton, S.L.; Zhong, P.; Farrelly, L.A.; Smith, A.C.W.; Ramakrishnan, A.; Lyu, Y.; Bastle,
R.M.; et al. Dopaminylation of histone H3 in ventral tegmental area regulates cocaine seeking. Science 2020, 368, 197–201.
[CrossRef] [PubMed]

11. Qvick, A.; Adolfsson, E.; Tornéus, L.; Lindqvist, C.M.; Carlsson, J.; Stenmark, B.; Karlsson, C.; Helenius, G. Pan-Cancer Detection
Through DNA Methylation Profiling Using Enzymatic Conversion Library Preparation with Targeted Sequencing. Int. J. Mol. Sci.
2025, 26, 10165. [CrossRef] [PubMed]

12. Agodi, A.; Ojeda-Granados, C.; Maugeri, A.; Barchitta, M.; Coco, O.; Pezzino, S.; Magro, G.; Greca, G.; Latteri, F.S.; Castorina, S.;
et al. Changes in Gut Microbial Composition and DNA Methylation in Obese Patients with NAFLD After Bariatric Surgery. Int. J.
Mol. Sci. 2024, 25, 11510. [CrossRef] [PubMed]

13. Cruz, P.; Peña-Lopez, D.; Figueroa, D.; Riobó, I.; Benedetti, V.; Saavedra, F.; Espinoza-Arratia, C.; Escobar, T.M.; Lladser, A.;
Loyola, A. Unraveling the Role of JMJD1B in Genome Stability and the Malignancy of Melanomas. Int. J. Mol. Sci. 2024, 25, 10689.
[CrossRef] [PubMed]

https://doi.org/10.3390/ijms27104541

https://doi.org/10.1093/ije/dyr184
https://www.ncbi.nlm.nih.gov/pubmed/22186258
https://doi.org/10.1016/S0021-9258(18)57261-6
https://www.ncbi.nlm.nih.gov/pubmed/18873306
https://doi.org/10.1161/CIRCULATIONAHA.110.956839
https://www.ncbi.nlm.nih.gov/pubmed/21576679
https://doi.org/10.1016/j.gendis.2020.01.003
https://www.ncbi.nlm.nih.gov/pubmed/33997175
https://doi.org/10.3390/ijms25073881
https://www.ncbi.nlm.nih.gov/pubmed/38612690
https://doi.org/10.1038/nrm.2016.140
https://www.ncbi.nlm.nih.gov/pubmed/27924077
https://doi.org/10.1074/mcp.M110.006924
https://doi.org/10.1038/s41586-019-1024-7
https://www.ncbi.nlm.nih.gov/pubmed/30867594
https://doi.org/10.1126/science.aaw8806
https://www.ncbi.nlm.nih.gov/pubmed/32273471
https://doi.org/10.3390/ijms262010165
https://www.ncbi.nlm.nih.gov/pubmed/41155454
https://doi.org/10.3390/ijms252111510
https://www.ncbi.nlm.nih.gov/pubmed/39519065
https://doi.org/10.3390/ijms251910689
https://www.ncbi.nlm.nih.gov/pubmed/39409021
https://doi.org/10.3390/ijms27104541


Int. J. Mol. Sci. 2026, 27, 4541 4 of 4

14. Cevenini, A.; De Antonellis, P.; Mazzarelli, L.L.; Sarno, L.; D’Alessandro, P.; Pellicano, M.; Salomè, S.; Raimondi, F.; Guida, M.;
Maruotti, G.M.; et al. Lytic or Latent Phase in Human Cytomegalovirus Infection: An Epigenetic Trigger. Int. J. Mol. Sci. 2025, 26,
11554. [CrossRef] [PubMed]

15. Schiano, C.; Balbi, C.; de Nigris, F.; Napoli, C. Basic Pathogenic Mechanisms and Epigenetic Players Promoted by Extracellular
Vesicles in Vascular Damage. Int. J. Mol. Sci. 2023, 24, 7509. [CrossRef] [PubMed]

16. Pesqueda-Cendejas, K.; Campos-López, B.; Mora-García, P.E.; Moreno-Ortiz, J.M.; De la Cruz-Mosso, U. Methyl Donor Micronu-
trients: A Potential Dietary Epigenetic Target in Systemic Lupus Erythematosus Patients. Int. J. Mol. Sci. 2023, 24, 3171. [CrossRef]
[PubMed]

17. Kuo, P.L.; Moore, A.Z.; Tanaka, T.; Belsky, D.W.; Lu, A.T.; Horvath, S.; Bandinelli, S.; Ferrucci, L. Longitudinal changes in
epigenetic clocks predict survival in the InCHIANTI cohort. Nat. Aging 2026, 6, 534–540. [CrossRef] [PubMed]

18. Khan, S.N.; Siddiqui, M.H.; Ahmad, A.; Guarnera, L.; Isah, S.T. Epi-liquidomics: Redefining cancer diagnostics through epigenetic
profiling. Front. Epigenet. Epigenom. 2026, 4, 1813822. [CrossRef]

19. Akhoury, M.; Vegara, N.; Stamatovic, S.M.; Keep, R.F.; Andjelkovic, A.V. Targeting epigenetic remodeling of the blood-brain
barrier: Current knowledge for drug therapy. Epigenomics 2026, 18, 335–352. [CrossRef]

20. Zhang, H.; Yu, R.; Cao, S.; Liu, X.; Chen, C.; Peng, F.; Qi, Y. Exercise and nutrition as epigenetic regulators of gene expression: An
exploratory scoping review with bibliometric analysis. Front. Nutr. 2026, 13, 1773920. [CrossRef] [PubMed]

21. Quyoom, B.; Peer, L.A. The epigenetic engine: Transgenerational plasticity as a driver of plant climate resilience and adaptation.
J. Ecol. 2026, 114, e70297. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/ijms27104541

https://doi.org/10.3390/ijms262311554
https://www.ncbi.nlm.nih.gov/pubmed/41373712
https://doi.org/10.3390/ijms24087509
https://www.ncbi.nlm.nih.gov/pubmed/37108672
https://doi.org/10.3390/ijms24043171
https://www.ncbi.nlm.nih.gov/pubmed/36834583
https://doi.org/10.1038/s43587-026-01066-6
https://www.ncbi.nlm.nih.gov/pubmed/41826710
https://doi.org/10.3389/freae.2026.1813822
https://doi.org/10.1080/17501911.2026.2637419
https://doi.org/10.3389/fnut.2026.1773920
https://www.ncbi.nlm.nih.gov/pubmed/41883413
https://doi.org/10.1111/1365-2745.70297
https://doi.org/10.3390/ijms27104541

	References

