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Editorial
Epigenetic Factors of Disease
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Abstract: The development of tissues involves the direction of specific programs for gene expression
among distinct cell types. These programs are often established in a heritable state by virtue
of epigenetic mechanisms and corresponding pathways of cellular memory. Thus, the broad
synchronization in patterns of gene expression ultimately dictates cellular consequences. Aberrations
in these epigenetic mechanisms are known to be associated with a range of diseases. Herein, we
highlight epigenetic factors that, when aberrantly expressed, lead to a broad range of diseases. Further,
we call upon the community of biomedical researchers to share their findings related to the epigenetic
factors of disease.
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1. Introduction

The association between aberrations of epigenetic factors and disease highlights the significance
of understanding epigenetic mechanisms. Such mechanisms normally function in the global
synchronization of patterns in gene expression [1]. The basis for such gene regulation resides
in cellular pathways that guide the packaging of DNA into chromatin, thereby, regulating the scale of
accessibility to transcription complexes [2,3]. Aberrations in such epigenetic pathways are associated
with a range of pathological outcomes [4-8].

2. Discussion and Conclusions

Key pathways of epigenetic regulation include the following: DNA methylation; histone
modifications; ATP-dependent nucleosome remodeling; and non-coding RNA (Table 1).

Table 1. Key pathways of epigenetic regulation.

Pathway Mechanism of Action Examples of Impacted Conditions

embryonic development; epigenetic inheritance;
DNA Methylation DNA-protein interactions genomic stability; allele-specific expression;
inactivation of the X chromosome;

Histone Modifications post-translational modifications of ~ gene expression; cell cycle regulation; DNA

histone tails replication; DNA repair; chromatin structure
ATP-Dependent Chromatin chromatin remodeling complexes cell dlff.erentlatlon; gene expression; Cell. cycle
e . . regulation; DNA replication; DNA repair;
Modifications containing an ATPase domain

chromatin structure

RNA-targeting of CpG islands;

Non-Coding RNA small interfering RNAs

gene expression
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DNA methylation at cytosines typically occurs in CpG-rich regions and, ultimately, affects
DNA-protein interactions. These, in turn, can affect the recruitment of chromatin-modifying complexes
and transcriptional complexes. Changes in the recruitment of these complexes are known to impact a
broad range of conditions including embryonic development, epigenetic inheritance, genomic stability,
allele-specific expression, inactivation of the X chromosome, and other biological processes [9,10].

Histone modifications are commonly manifested through post-translational events in histone
tails. Common modifications include acetylation, methylation, and phosphorylation. Such changes
to histone tails impact cellular processes such as gene expression, cell cycle progression, and DNA
replication/repair by altering chromatin structure and/or the recruitment of regulatory complexes [11,12].

ATP-dependent chromatin modifications are facilitated by ATPase-domains of nucleosome
remodeling complexes [13]. These modifications affect the level of chromatin accessibility to protein
complexes. The downstream impacts of these complexes range from cell differentiation and cell cycle
progression to gene expression and DNA replication/repair [14].

The non-coding RNA interaction with CpG islands of promoters is known to impact levels of
gene expression [15,16]. This mechanism often occurs in tandem with DNA methylation-mediated
regulation. The fact that these events often occur in a sequence-specific manner has facilitated the
analyses of gene-specific impacts of non-coding RNA on both a temporal and spatial basis [17,18].

Aberrations in epigenetic mechanisms affect a broad range of physiological processes and often
result in pathological conditions [19]. To date, a range of disease categories, such a neuropathological [5]
and oncological [8], have been associated with missteps in epigenetic regulation. Despite great progress
in our understanding of diseases related to epigenetic events, there remain major gaps in information
about the interrelatedness of epigenetic factors that ultimately preclude most proposed clinical
applications of epigenetic modulators. Thus, we call upon the community of biomedical researchers to
share their findings related to the epigenetic factors of disease in this Special Issue of Diseases titled
“Epigenetics and Disease.” For information on this Special Issue, visit https://www.mdpi.com/journal/
diseases/special_issues/Epigenetics_Disease.
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References

1.  Cavalli, G. Chromatin and epigenetics in development: blending cellular memory with cell fate plasticity.
Development 2006, 133, 2089-2094. [CrossRef] [PubMed]

2. Jenuwein, T.; Allis, C.D. Translating the histone code. Science 2001, 293, 1074-1080. [CrossRef] [PubMed]

Jenuwein, T. The epigenetic magic of histone lysine methylation. FEBS 2006. [CrossRef] [PubMed]

4. Goyal, D,; Limesand, SW.; Goyal, R. Epigenetic responses and the developmental origins of health and
disease. . Endocrinol. 2019, 242, 105-109. [CrossRef] [PubMed]

5. Esposito, M.; Sherr, G.L. Epigenetic modifications in Alzheimer’s neuropathology and therapeutics.
Front Neurosci. 2019, 10, 476. [CrossRef] [PubMed]

6.  Smith, M.; Flodman, PL. Expanded insights into mechanisms of gene expression and disease related
disruptions. Front Mol. Biosci. 2018, 5, 101. [CrossRef] [PubMed]

7. Al-Hasani, K.; Mathiyalagan, P; E-Osta, A. Epigenetics, cardiovascular disease, and cellular reprogramming.
J. Mol. Cell Cardiol. 2019, 128, 129-133. [CrossRef] [PubMed]

8. Ducasse, M.; Brown, M.A. Epigenetic aberrations and cancer. Mol. Cancer 2006, 5, 60. [CrossRef]

9.  Wade, P.A. CpG binding proteins: Coupling chromatin architecture to gene regulation. Oncogene 2001, 20,
3166-3173. [CrossRef]

10. Villagra, A ; Gutierrez, J.; Paredes, R ; Sierra, J.; Puchi, M.; Imschenetzky, M.; van Wijnen, A.; Lian, J.; Stein, G.;
Stein, J.; et al. Reduced CpG methylation is associated with transcriptional activation of the bone-specific rat
osteocalcin gene in osteoblasts. J. Cell Biochem. 2002, 85, 112-122. [CrossRef] [PubMed]

11.  Khorasanizadeh, S. The nucleosome: from genomic organization to genomic regulation. Cell 2004, 116,
259-272. [CrossRef]

b


https://www.mdpi.com/journal/diseases/special_issues/Epigenetics_Disease
https://www.mdpi.com/journal/diseases/special_issues/Epigenetics_Disease
http://dx.doi.org/10.1242/dev.02402
http://www.ncbi.nlm.nih.gov/pubmed/16672331
http://dx.doi.org/10.1126/science.1063127
http://www.ncbi.nlm.nih.gov/pubmed/11498575
http://dx.doi.org/10.1111/j.1742-4658.2006.05343.x
http://www.ncbi.nlm.nih.gov/pubmed/16857008
http://dx.doi.org/10.1530/JOE-19-0009
http://www.ncbi.nlm.nih.gov/pubmed/31091503
http://dx.doi.org/10.3389/fnins.2019.00476
http://www.ncbi.nlm.nih.gov/pubmed/31133796
http://dx.doi.org/10.3389/fmolb.2018.00101
http://www.ncbi.nlm.nih.gov/pubmed/30542652
http://dx.doi.org/10.1016/j.yjmcc.2019.01.019
http://www.ncbi.nlm.nih.gov/pubmed/30690032
http://dx.doi.org/10.1186/1476-4598-5-60
http://dx.doi.org/10.1038/sj.onc.1204340
http://dx.doi.org/10.1002/jcb.10113
http://www.ncbi.nlm.nih.gov/pubmed/11891855
http://dx.doi.org/10.1016/S0092-8674(04)00044-3

Diseases 2019, 7, 42 30f3

12.

13.

14.

15.

16.

17.
18.

19.

Strahl, B.D.; Allis, C.D. The language of covalent histone modifications. Nature 2000, 403, 41-45. [CrossRef]
[PubMed]

Johnson, C.N.; Adkins, N.L.; Georgel, P. Chromatin remodeling complexes: ATP-dependent machines in
action. Biochem. Cell Biol. 2005, 83, 405—-417. [CrossRef] [PubMed]

Becker, P.B.; Horz, W. ATP-dependent nucleosome remodeling. Annu. Rev. Biochem. 2002, 71, 247-273.
[CrossRef] [PubMed]

Morris, K.V,; Chan, S.W.; Jacobsen, S.E.; Looney, D.J. Small interfering RNA-induced transcriptional gene
silencing in human cells. Science 2004, 305, 1289-1292. [CrossRef] [PubMed]

Kawasaki, H.; Taira, K. Induction of DNA methylation and gene silencing by short interfering RNAs in
human cells. Nature 2004, 431, 211-217. [CrossRef] [PubMed]

Bernstein, E.; Allis, C.D. RNA meets chromatin. Genes Dev. 2005, 19, 1635-1655. [CrossRef] [PubMed]
Kavi, HH.; Fernandez, H.R.; Xie, W.; Birchler, J.A. RNA silencing in Drosophila. FEBS Lett. 2005, 579,
5940-5949. [CrossRef] [PubMed]

Santos-Reboucas, C.B.; Pimentel, M.M. Implication of abnormal epigenetic patterns for human diseases.
Eur. |. Hum. Genet. 2006. [CrossRef] [PubMed]

® © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1038/47412
http://www.ncbi.nlm.nih.gov/pubmed/10638745
http://dx.doi.org/10.1139/o05-115
http://www.ncbi.nlm.nih.gov/pubmed/16094444
http://dx.doi.org/10.1146/annurev.biochem.71.110601.135400
http://www.ncbi.nlm.nih.gov/pubmed/12045097
http://dx.doi.org/10.1126/science.1101372
http://www.ncbi.nlm.nih.gov/pubmed/15297624
http://dx.doi.org/10.1038/nature02889
http://www.ncbi.nlm.nih.gov/pubmed/15311210
http://dx.doi.org/10.1101/gad.1324305
http://www.ncbi.nlm.nih.gov/pubmed/16024654
http://dx.doi.org/10.1016/j.febslet.2005.08.069
http://www.ncbi.nlm.nih.gov/pubmed/16198344
http://dx.doi.org/10.1038/sj.ejhg.5201727
http://www.ncbi.nlm.nih.gov/pubmed/17047674
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Discussion and Conclusions 
	References

