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Abstract 

An epigenetic trait is a stably heritable phenotype resulting from changes in a chromosome 

without alterations in the DNA sequence. Epigenetic mechanisms have a crucial role in 

regulation of gene activity and expression during development and differentiation or in 

response to environmental stimuli. Epigenetic research can help explain how cells carrying 

identical DNA differentiate into different cell types, and how they maintain differentiated 

cellular states.  Epigenetics is thus considered a bridge between genotype and phenotype, a 

phenomenon that changes the final outcome of a locus or chromosome without changing the 

underlying DNA sequence. Multiple mechanistic steps lead to the stable heritance of the 

epigenetic phenotype. The molecular mechanisms of epigenetic phenomena are multiple. In 

the current work we reviewed recent updates the role of epigenetics and its basic mechanisms 

in health and disease. 
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1. Introduction 

 

Epigenetic trait is a stably heritable 

phenotype resulting from changes in a 

chromosome without alterations in the 

deoxyribonucleic acid (DNA) sequence.[1] 

Three major mechanisms have been 

categorized by biologists to instruct 

epigenetic regulations: DNA methylation, 

histone post-translational modifications 

(PTMs) and noncoding ribonucleic acid 

(RNA) (micro-RNA). [2] The interplay of 

DNA methylation and histone post-

translational alterations, are key epigenetic 

players to rearrange chromatin into areas 

such as euchromatin, heterochromatin and 

nuclear compartmentalization. [3] The fact  

 

those numerous human diseases, including 

cancer, have epigenetic mechanisms has 

led the development of a new therapeutic 

option that might be termed ‘epigenetic 

therapy’. Numerous therapeutic agents 

have been discovered to alter methylation 

patterns on DNA or the modification of 

histones (histone acetylation and 

methylation patterns), and many of these 

agents are still being tested in clinical 

trials.[4] In the present work, we reviewed 

recent updates the role of epigenetics and 

its basic mechanisms in health and disease.  
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2. Mechanisms of Epigenetics 

Three major mechanisms have been 

categorized by biologists to instruct 

epigenetic regulations; DNA methylation, 

histone post-translational modifications 

(PTMs) and noncoding RNAs (micro-

RNA).[2] 

 

3. DNA Methylation 

Methylation of the C-5 position of cytosine 

residues in DNA has long been recognized 

as an epigenetic silencing mechanism of 

fundamental importance. A methyl (-CH3) 

group is added to the C-5 position of a 

cytosine adjacent to a guanine residue 

(cytosine-phosphate-guanine dinucleotides 

or CpG) that results in 5-methylcytosine, 

which inhibits DNA transcription leading 

to gene suppression. In human somatic 

cells, approximately 70–80% of cytosine in 

CpG sites is methylated. In some diseases, 

CpGs of some key genes are reported to be 

abnormally hyper- or hypomethylated, 

which further result in transcriptional 

misregulation. [5] 
 

4. Histone Post-Translational 

Modifications (PTMs) 

Each chromosome consists of thousands of 

nucleosomes. Histones have protruding N-

terminal tails which can post-

translationally undergo chemical 

modifications (so called post-translational 

histone modifications/marks) [.6 ]  These 

modifications promote or are repressive 

against gene expression. As with DNA 

methylation, they also modulate the 

binding of transcriptional regulatory 

complexes to specific sequences. Histone 

modifications are dynamic and reversible; 

there are several epigenetic modifier 

enzymes (epi-enzymes) which are 

specifically responsible for adding 

(writers) or removing (erasers) histone 

modifications. [7] 

 

 

5.   Noncoding RNAs (micro-RNA) 

Another mechanism of epigenetic 

regulation is the non-coding RNA 

(ncRNA), which also plays a critical role in 

gene regulation via a process called post-

transcriptional gene silencing (PTGS). A 

ncRNA is a functional RNA molecule that 

is transcribed from DNA but not translated 

into proteins. Epigenetic-related ncRNAs 

are broadly divided into two main groups: 

long and short ncRNAs. Short ncRNAs 

(<30 nucleotides) include microRNAs 

(miRNA), short interfering RNAs (siRNA) 

and piwi-interacting RNAs (piRNA). A 

long ncRNA contains >200 nucleotides. 

Both groups are shown to play a role in 

heterochromatin formation, histone 

modification, DNA methylation targeting, 

and gene silencing [.8 ]  

MicroRNAs (miRNAs) are short ncRNAs 

(approximately 22 nucleotides in length) 

now recognized as one of the major 

epigenetic regulatory mechanisms in 

eukaryotes mainly via post-transcriptional 

mechanisms.[9] 

6.  Epigenetics and Human Diseases 

The role of epigenetic modifications in the 

etiopathogenesis of some human diseases 

has been clarified. They are grouped into 

the following categories: neoplastic 

diseases (cancer epigenetics), autoimmune 

diseases, metabolic diseases, 

cardiovascular diseases and 

neurodegenerative diseases. 

 

6.1 Cancer Epigenetics 

 

6.1.1.1 Aberrant Reprogramming of The 

Epigenome in Cancer  

 

The term “epimutations” has been used to 

describe cancer-associated epigenetic 

machinery changes. These epimutations, 

along with widespread genetic alterations, 

play an important role in cancer initiation 

and progression. The cancer epigenome 

with its epimutations result in global 

dysregulation of gene expression profiles 
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leading to the development and progression 

of cancer phenotype. The interplay 

between epimutations and genetic 

mutations and deletions that finally leads to 

initiation and progression of cancer genes 

has been studied.[10] 

 

6.1.1.2 DNA Methylation Aberrations in 

Cancer 

       

A cancer epigenome is marked by genome-

wide hypomethylation and site-specific 

CpG island promoter 

hypermethylation.[11] 

Global DNA hypomethylation plays a 

significant role in carcinogenesis. DNA 

hypomethylation at repeat sequences leads 

to increased genomic instability by 

promoting chromosomal rearrangements. 

In addition, DNA hypomethylation can 

lead to the activation of growth-promoting 

genes, such as R-Ras and MAPSIN in 

gastric cancer.[12] 

Contrary to hypomethylation, site-specific 

hypermethylation contributes to 

carcinogenesis by silencing tumour 

suppressor genes.[13] 

 

6.1.1.3 Changes in Histone Modifications 

in Cancer 

       

Studies have revealed a global loss of 

acetylated H4-lysine 16 (H4K16ac). Such 

loss of histone acetylation, which is 

mediated by histone deacetylases 

(HDACs), results in gene repression. 

HDACs are often found overexpressed in 

various types of cancer and thus, have 

become a major target for epigenetic 

therapy.[14] 

In addition to changes in histone 

acetylation, cancer cells also display 

extensive changes in histone methylation 

patterns. Alterations in H3K9 and H3K27 

methylation patterns are associated with 

aberrant gene silencing in various forms of 

cancer.[15] 

In addition to histone methyl transferases 

(HMTs), lysine-specific demethylases that 

work in coordination with HMTs to 

maintain global histone methylation 

patterns are also implicated in cancer 

progression. Lysine-specific demethylase 1 

(LSD1), can effectively remove both 

activating and repressing marks (H3K4 and 

H3K9 methylation, respectively) thus, 

acting as either a corepressor or a co-

activator After LSD1.[16] 

 

6.1.1.4 Dysregulation of miRNAs in 

cancer 

      

A miRNAs can act as either tumour 

suppressors or oncogenes depending on 

their target genes.[17] While the exact 

mechanism of action of miR-155 is still 

unclear, there are suggestions that it may 

play a role in the class switch 

recombination process by targeting 

activation-induced cytidine deaminase.[18] 

 

6.1.2 Epigenetic Changes in Some 

Cancers 

 

6.1.2.1 Colorectal Cancer 

 

Three major mechanisms affecting gene 

function in colorectal cancer (CRC) have 

been recognized. These include 

microsatellite instability, chromosomal 

instability and CpG island methylator 

phenotype.[19] 

 

6.1.2.2 Breast Cancer 

 

Studies have shown that tumor suppressor 

genes BRCA1 and p16, DNA repair genes 

GSTP1 and CHD1, which all are linked 

with metastasis and invasion, were found 

hypermethylated in breast cancer samples. 

Specifically, promoter methylation of 

BRCA1 tumor suppressor gene is 

associated with developing aggressive 

breast tumors. In addition, the methylation 

status of ADAM23 gene, which is a 

member of surface molecules involved in 

the cell adhesion process, were 

analyzed.[20] 

Also, post-translational histone 

modifications have a critical role in breast 
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tumorigenesis and aggressiveness of 

prognosis. Elsheikh et al. evaluated the 

relative levels of histone lysine acetylation 

in 880 primary operable invasive breast 

carcinoma cases. H4R3me2, H3K9ac and 

H4K16ac were detected at significantly 

low levels relevant to large tumor size.[21]  

 

6.1.2.3 Cervical Cancer 

 

Within the HPV16L1 region, 14 tested 

CpG sites have significantly higher 

methylation in CIN3+ than in HPV16 

genomes of women without CIN3. Only 

2/16 CpG sites tested in HPV16 upstream 

regulatory region were found to have an 

association with increased methylation in 

CIN3+. This suggests that the direct route 

from infection to cancer is sometimes 

detoured to a precancerous state in cervix 

intraepithelial neoplasia.[22] 

In addition, a correlation exists between 

CIN3+ and increased methylation of CpG 

sites in the HPV16 L1 open reading frame. 

This could be a potential biomarker for 

future screens of cancerous and 

precancerous cervical disease.[23] 

 

6.1.2.4 Leukemia 

  

Studies have shown that mixed-lineage 

leukaemia (MLL) gene causes leukaemia. 

MLL protein is required for the epigenetic 

maintenance of gene activation during 

development and is also mutated in a subset 

of aggressive acute leukaemia’s. MLL 

maintains gene activation in part by 

methylating histone 3 on lysine 4.[24] 

 

6.1.2.5 Sarcoma 

       

Several oncogenes and tumour suppressor 

genes are epigenetically altered in 

sarcomas. These include APC, CDKN1A, 

CDKN2A, CDKN2B, Ezrin, FGFR1, 

GADD45A, MGMT, STK3, STK4, PTEN, 

RASSF1A, WIF1 as well as several 

miRNAs. Expression of epigenetic 

modifiers such as that of the BMI1 

component of the PRC1 complex is 

deregulated in chondrosarcoma, Ewing's 

sarcoma and osteosarcoma.[25] 

 

6.2 Autoimmune Diseases 

          

Epigenetic homeostasis failure, as a 

response to environmental agents, can 

result in changes of gene expression in 

specific cells leading to dysregulated self-

tolerance and the development of a wide 

spectrum of autoimmune diseases.[26] 

 

6.2.1 Systemic Lupus Erythematosus 

(SLE): 

Several studies have shown that there is a 

global hypomethylation of promoter 

regions, which contain the genes that are 

overexpressed in the disease such as 

ITGAL, CD40LG, PRF1, CD70, IFGNR2, 

MMP14, LCN2 and in the ribosomal RNA 

gene promoter (18S and 28S). This gene 

overexpression results in cell hyperactivity, 

perpetuation of the immune and 

inflammatory responses  [.27]  

Moreover, histone modifications such as 

histone 3 lysine 4 trimethylation 

(H3K4me3), histone 3 lysine 8 (H4K8) 

triacetylation, histone 3 lysine 27 

trimethylation (H3K27me3) and histone 

2B lysine 12 acetylation (H2BK12ac) 

cause an increase in apoptotic nucleosomes 

which generate auto-immunogenicity that 

causes activation of antigen-presenting 

cells and autoantibody production with a 

subsequent inflammatory response.[28] 

 

6.2.2 Rheumatoid Arthritis (RA) 

 

In RA, global hypomethylation of these 

cells is responsible for the overexpression 

of inflammatory cytokines in synovial 

fluid.[29]Furthermore, RA is characterized 

by an imbalance between HAT and HDAC 

activity in synovial tissue.[30]  
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6.2.3 Type 1 Diabetes (T1D) 

 

In T1D, there is a global hypermethylation 

activity caused by altered metabolism of 

homocysteine.[31]  

Glucose and insulin levels are determinants 

of methylation. They modify homocysteine 

metabolism by increasing the production of 

homocysteine through its inhibition of 

trans-sulfuration. When there are elevated 

levels of homocysteine, intra-cellular 

methionine will be catalyzed by DNA 

methyl transferases (DNMTs) in S-

adenosylmethionine. This will enhance 

DNMT activity that will, in turn, lead to 

increased global DNA methylation 

(hypermethylation).[32] 

 

6.2.4 Multiple Sclerosis (MS) 

 

Studies have shown that the promoter 

region of peptidyl arginine deiminase type 

II (PAD2) is hypomethylated in MS. PAD2 

plays a key role in the citrullination process 

of myelin basic protein (MBP).[33] 

A previous study found that miR-326 was 

significantly upregulated in patients with 

relapsing-remitting MS which produced an 

increase in Th-17 cell numbers and more 

severe symptoms. Other miRNAs involved 

in MS are miR-34a and miR-155, which are 

found upregulated in active MS lesions and 

take part in MS pathogenesis by targeting 

CD47.[28]  

 

6.3 Metabolic Diseases 

 

6.3.1 Obesity 

 

In a large-scale study investigating DNA 

methylation in CD4+ T cells, eight CpG 

sites were associated with BMI and five 

with waist circumference. Those CpG sites 

are annotated to CPT1A, CD38 and 

PHGDH genes. CPT1A takes part in 

carnitine-dependent transport across the 

mitochondrial membrane when oxidation 

of long-chain fatty acids is initiated. In 

addition, DNA methylation in intron 1 of 

CPT1A was inversely associated with both 

BMI and waist circumference.[34] 

The largest study to date, combining DNA 

methylation data from over 10,000 whole 

blood samples, identified 187 CpG sites 

significantly associated with BMI.[35] 

 

6.3.2 Type 2 diabetes mellitus 

 

Patients with T2D were found to have 

increased DNA methylation and decreased 

expression of these key genes (what key 

gene?), which were associated with 

impaired insulin secretion. In addition, high 

glucose and glycated hemoglobin (HbA1c) 

seemed to directly increase DNA 

methylation of these genes.[36] 

 

6.4 Cardiovascular Diseases (CVDs) 

 

6.4.1 Epigenetics in Congenital Heart 

Diseases (CHDs) 

 

In a study examining the methylation 

profiles of DNA isolated from fetal cardiac 

tissue obtained from normal individuals, 

those with isolated CHD and those with 

Down syndrome with and without CHD, 

several intragenic sites within the muscle 

segment homeobox 1 (MSX1) gene and the 

GATA4 gene were identified as being 

hypermethylated which was associated 

with dysregulated expression of these 

genes.[37] 

 

6.4.2 Epigenetics in Hypertension 

 

In addition to Histone modification which 

is reported to be involved in the regulation 

of blood pressure[38] Hypomethylation of 

the promoter region of the Sic2a2 gene 

leads to increased expression of Na+, K+ 

and 2Cl- cotransporter 1 (NKCC1) which 

was positively correlated with 

hypertension.[39](more data). 

 

6.4.3 Epigenetics in Atherosclerosis 

 

Studies have identified genes such as 

Collagen Type XV alpha 1 chain 
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(COL15A1), early B-cell factor 1 (EBF1) 

and nucleotide-binding oligomerization 

domain containing 2 (NOD2) that are 

hypomethylated while genes such as 

monocarboxylate transporter SLC16A3 

(MCT3), human mitogen-activated protein 

kinase 4 (MAP4K4) and zinc finger E-box 

binding homeobox 1 (ZEB1) are 

hypermethylated in patients with 

atherosclerosis.[40] 

 

6.5 Neurodegenerative Diseases 

 

The association between epigenetic 

signature and neurologic disease has been 

established through observation of 

monogenic neurodevelopmental 

disorders.[42] 

 

6.6 Epigenetics in Alzheimer’s Disease 

 

It has been shown that there is genome-

wide DNA methylation of more than 900 

CpG sites representing 918 unique genes 

associating late onset AD. The best 

candidate gene has been found to be a 

Transmembrane Protein 59 (TMEM59), 

whose promoter was hypomethylated in 

AD.[43] 

Direct evidence of disturbed histone 

modifications in AD was proposed where 

elevated levels of phosphorylated histone 

H3 in AD hippocampal neurons were found 

and dislocalised to neuronal cytoplasm, as 

opposed to the nucleus as in actively 

dividing cells.[44]  

miRNAs have been linked to 

posttranscriptional control of amyloid 

precursor protein expression, namely 

negative regulatory control by miR-101 

and miR-16. Smith et al have shown that 

miR-124 is down-regulated in AD 

brain.[45] 

 

6.7 Epigenetics in Parkinson’s Disease 

 

Depositions of misfolded α-synuclein 

constitute a pathologic hallmark of 

Parkinson’s disease (Lewy bodies) and co-

locate with sites of neuronal loss. In fact, 

studies have shown α-synuclein associates 

with histones and inhibits their acetylation, 

by means of its association with Sirtuin-2 

(Sirt2) histone deacetylase.[46]  

The role of miRNA regulatory system has 

also been implicated and surveyed in PD. A 

miRNA molecule (miR-133b) was detected 

with expression specific to midbrain 

dopaminergic neurons and reduction of 

expression level in PD patients’ midbrain 

tissue samples. On the other hand, the role 

of DNA methylation in PD is unclear.[47]  

 

7. Prospects for Epigenetic Therapy 

 

Numerous therapeutic agents have been 

discovered to alter methylation patterns on 

DNA or the modification of histones.[4] 

 

7.1 Targeting DNA Methylation 

 

DNA methylation inhibitors can be divided 

into two groups: nucleoside analogues and 

non-nucleoside analogues.  

Nucleoside analogues have a modified 

cytosine ring and can be converted into 

nucleotides and incorporated into newly 

synthesized DNA or RNA. DNA 

methyltransferases are bound by covalent 

bonds with the analogues, which inhibits 

DNA methylation. The prototype members 

of this nucleoside analogues group are 5-

azacytidine (5-aza-CR) and 5-aza-2-

deoxycytidine (5-aza-CdR). 5-aza-2-

deoxycytidineis also known as Decitabine. 

5-Azacytidine is currently used as an 

injectable suspension for the treatment of 

myelodysplastic syndromes. It promotes 

cell differentiation, demethylation and re-

expression of inactivated genes.[48 49] 

Many non-nucleoside analogues have been 

developed to prevent DNA from aberrant 

hypermethylation. These drugs are usually 

small molecular inhibitors and directly 

target catalytic sites rather than 

incorporating into DNA. Based on a three-

dimensional model of DNMT1, RG108 

was designed to block the activity of this 

enzyme and cause demethylation.[50] 
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8. Inhibitors of HMTs and HDMTs 
 

EPZ004777 was the first identified 

selective inhibitor of DOT1L, a selective 

histone H3K79 methyltransferase. 

However, due to its poor pharmacokinetic 

features, a second generation (EPZ-5767) 

was developed with a cyclobutyl ring 

replacing the ribose moiety of the 

molecule. EPZ-5767 (Pinometostat) shows 

synergistic effects with cytarabine, 

daunorubicin and the DNMT inhibitor 

azacitidine in treatments for acute 

lymphoblastic leukemia with MLL 

rearrangement.[51] 

Tranylcypromine (TCP) is an approved 

drug for depression due to its ability to 

inhibit monoamine oxidase (MAO) 

activity. TCP is acts as an inhibitor of 

lysine-specific histone demethylase 1A 

(LSD1) being capable of re-sensitizing 

non-acute promyelocytic leukemia cells to 

all-trans retinoic acid (ATRA) treatment 

via increasing H3K4me2 and the 

expression of myeloid-differentiation-

associated genes leading to cancer cell 

differentiation and apoptosis.[52] 

 

9. Conclusion 

     

Epigenetic changes in gene expression not 

only create heritable phenotypic diversity 

within an individual but also within 

populations, independent of genetic 

variation. Changes in the regulation of gene 

expression levels have long been thought to 

play a vital role in evolution and 

adaptation. It has been hypothesized that 

epigenetic variants could be a novel 

substrate for natural selection and thus 

participate in the adaptation of species in 

changing the environment. 

        

 

 

References 

 

1. Berger SL, Kouzarides T, 

Shiekhattar R, Shilatifard A. An 

operational definition of epigenetics. Genes 

Dev. 2009;23(7):781-3. 

 

2. Kietrys AM, Kool ET. Epigenetics: 

A new methyl mark on messengers. Nature. 

2016;530(7591):423-4. 

 

3. Delcuve GP, Rastegar M, Davie JR. 

Epigenetic control. Journal of cellular 

physiology. 2009;219(2):243-50. 

 

4. Hanna J, Hossain GS, Kocerha J. 

The Potential for microRNA Therapeutics 

and Clinical Research. Front Genet. 2019; 

10:478. 

 

5. Shen Y, Chow J, Wang Z, Fan G. 

Abnormal CpG island methylation occurs 

during in vitro differentiation of human 

embryonic stem cells. Hum Mol Genet. 

2006;15(17):2623-35. 

6. Egger G, Liang G, Aparicio A, 

Jones PA. Epigenetics in human disease 

and prospects for epigenetic therapy. 

Nature. 2004;429(6990):457-63. 

 

7. Maeder ML, Angstman JF, 

Richardson ME, Linder SJ, Cascio VM, 

Tsai SQ, et al. Targeted DNA 

demethylation and activation of 

endogenous genes using programmable 

TALE-TET1 fusion proteins. Nat 

Biotechnol. 2013;31(12):1137-42. 

 

8. Carthew RW, Sontheimer EJ. 

Origins and Mechanisms of miRNAs and 

siRNAs. Cell. 2009;136(4):642-55. 

 

9. Valinezhad Orang A, Safaralizadeh 

R, Kazemzadeh-Bavili M. Mechanisms of 

miRNA-Mediated Gene Regulation from 

Common Downregulation to mRNA-

Specific Upregulation. Int J Genomics. 

2014; 2014:970607. 

 



Al-Azhar Un. Journal for Research and Studies. Vol 4(1) March.2022 

 100 

 

 
 
 

 

 

10. Jones PA, Laird PW. Cancer 

epigenetics comes of age. Nature genetics. 

1999;21(2):163-7. 

 

11. Feinberg AP, Ohlsson R, Henikoff 

S. The epigenetic progenitor origin of 

human cancer. Nat Rev Genet. 

2006;7(1):21-33. 

 

12. Sharma S, Kelly TK, Jones PA. 

Epigenetics in cancer. Carcinogenesis. 

2010;31(1):27-36. 

 

13. Liu Q, Jin J, Ying J, Sun M, Cui Y, 

Zhang L, et al. Frequent epigenetic 

suppression of tumor suppressor gene 

glutathione peroxidase 3 by promoter 

hypermethylation and its clinical 

implication in clear cell renal cell 

carcinoma. International journal of 

molecular sciences. 2015;16(5):10636-49. 

 

14. Bao L, Diao H, Dong N, Su X, 

Wang B, Mo Q, et al. Histone deacetylase 

inhibitor induces cell apoptosis and cycle 

arrest in lung cancer cells via mitochondrial 

injury and p53 up-acetylation. Cell Biol 

Toxicol. 2016;32(6):469-82. 

 

15. Michalak EM, Burr ML, Bannister 

AJ, Dawson MA. The roles of DNA, RNA 

and histone methylation in ageing and 

cancer. Nature reviews Molecular cell 

biology. 2019;20(10):573-89. 

 

16. Jin Y, Huo B, Fu X, Cheng Z, Zhu 

J, Zhang Y, et al. LSD1 knockdown reveals 

novel histone lysine methylation in human 

breast cancer MCF-7 cells. Biomedicine & 

pharmacotherapy = Biomedecine & 

pharmacotherapie. 2017; 92:896-904. 

 

17. Bonci D, De Maria R. miR-15/miR-

16 loss, miR-21 upregulation, or 

deregulation of their target genes predicts 

poor prognosis in prostate cancer patients. 

Mol Cell Oncol. 2016;3(4):e1109744. 

18. Majd SM, Salimi A, Ghasemi F. An 

ultrasensitive detection of miRNA-155 in 

breast cancer via direct hybridization assay 

using two-dimensional molybdenum 

disulfide field-effect transistor biosensor. 

Biosensors & bioelectronics. 2018;105:6-

13. 

 

19. Brim H, Abu-Asab MS, Nouraie M, 

Salazar J, Deleo J, Razjouyan H, et al. An 

integrative CGH, MSI and candidate genes 

methylation analysis of colorectal tumors. 

PLoS One. 2014;9(1):e82185. 

 

20. Costa FF, Verbisck NV, Salim AC, 

Ierardi DF, Pires LC, Sasahara RM, et al. 

Epigenetic silencing of the adhesion 

molecule ADAM23 is highly frequent in 

breast tumors. Oncogene. 

2004;23(7):1481-8. 

 

21. Elsheikh SE, Green AR, Rakha EA, 

Powe DG, Ahmed RA, Collins HM, et al. 

Global histone modifications in breast 

cancer correlate with tumor phenotypes, 

prognostic factors, and patient outcome. 

Cancer Res. 2009;69(9):3802-9. 

 

22. Frimer M, Sun C, McAndrew T, 

Smith B, Harari A, Chen Z, et al. HPV16 

CpG methyl-haplotypes are associated with 

cervix precancer and cancer in the 

Guanacaste natural history study. Gynecol 

Oncol. 2015;138(1):94-100. 

 

23. Zhang C, Deng Z, Pan X, Uehara T, 

Suzuki M, Xie M. Effects of Methylation 

Status of CpG Sites within the HPV16 

Long Control Region on HPV16-Positive 

Head and Neck Cancer Cells. PloS one. 

2015;10(10):e0141245. 

 

24. Nebbioso A, Tambaro FP, 

Dell'Aversana C, Altucci L. Cancer 

epigenetics: Moving forward. PLoS 

genetics. 2018;14(6):e1007362. 

 



Al-Azhar Un. Journal for Research and Studies. Vol 4(1) March.2022 

 101 

 

 
 
 

 

 

25. Bennani-Baiti IM. Epigenetic and 

epigenomic mechanisms shape sarcoma 

and other mesenchymal tumor 

pathogenesis. Epigenomics. 

2011;3(6):715-32. 

 

26. Hewagama A, Richardson B. The 

genetics and epigenetics of autoimmune 

diseases. J Autoimmun. 2009;33(1):3-11. 

 

27. Lei W, Luo Y, Lei W, Luo Y, Yan 

K, Zhao S, et al. Abnormal DNA 

methylation in CD4+ T cells from patients 

with systemic lupus erythematosus, 

systemic sclerosis, and dermatomyositis. 

Scand J Rheumatol. 2009;38(5):369-74. 

 

28. Anaya JM, Rojas-Villarraga A, 

García-Carrasco M. The autoimmune 

tautology: from polyautoimmunity and 

familial autoimmunity to the autoimmune 

genes. Autoimmune diseases. 2012; 

2012:297193. 

 

29. Karami J, Aslani S, Tahmasebi 

MN, Mousavi MJ, Sharafat Vaziri A, 

Jamshidi A, et al. Epigenetics in 

rheumatoid arthritis; fibroblast-like 

synoviocytes as an emerging paradigm in 

the pathogenesis of the disease. 

Immunology and cell biology. 

2020;98(3):171-86. 

 

30. Toussirot E, Abbas W, Khan KA, 

Tissot M, Jeudy A, Baud L, et al. Imbalance 

between HAT and HDAC activities in the 

PBMCs of patients with ankylosing 

spondylitis or rheumatoid arthritis and 

influence of HDAC inhibitors on TNF 

alpha production. PloS one. 

2013;8(8):e70939. 

 

31. Xie Z, Chang C, Huang G, Zhou Z. 

The Role of Epigenetics in Type 1 

Diabetes. Advances in experimental 

medicine and biology. 2020; 1253:223-57. 

 

32. Valladares-Salgado A, Suárez-

Sánchez F, Burguete-García AI, Cruz M. 

[Epigenetics of childhood obesity and 

diabetes]. Revista medica del Instituto 

Mexicano del Seguro Social. 2014;52 

Suppl 1:S88-93. 

 

33. Segal BM, Cohen JA, Antel J. 

Americas Committee for Treatment and 

Research in Multiple Sclerosis Forum 

2017: Environmental factors, genetics, and 

epigenetics in MS susceptibility and 

clinical course. Mult Scler. 2018;24(1):4-5. 

 

34. Aslibekyan S, Demerath EW, 

Mendelson M, Zhi D, Guan W, Liang L, et 

al. Epigenome-wide study identifies novel 

methylation loci associated with body mass 

index and waist circumference. Obesity 

(Silver Spring). 2015;23(7):1493-501. 

 

35. Wahl S, Drong A, Lehne B, Loh M, 

Scott WR, Kunze S, et al. Epigenome-wide 

association study of body mass index, and 

the adverse outcomes of adiposity. Nature. 

2017;541(7635):81-6. 

 

36. Hall E, Dekker Nitert M, Volkov P, 

Malmgren S, Mulder H, Bacos K, et al. The 

effects of high glucose exposure on global 

gene expression and DNA methylation in 

human pancreatic islets. Molecular and 

cellular endocrinology. 2018; 472:57-67. 

 

37. Serra-Juhe C, Cusco I, Homs A, 

Flores R, Toran N, Perez-Jurado LA. DNA 

methylation abnormalities in congenital 

heart disease. Epigenetics. 2015;10(2):167-

77. 

 

38. Stoll S, Wang C, Qiu H. DNA 

Methylation and Histone Modification in 

Hypertension. Int J Mol Sci. 2018;19(4). 

 

39. Wise IA, Charchar FJ. Epigenetic 

Modifications in Essential Hypertension. 

International journal of molecular sciences. 

2016;17(4):451. 



Al-Azhar Un. Journal for Research and Studies. Vol 4(1) March.2022 

 102 

 

 
 
 

 

 

40. Kumar A, Kumar S, Vikram A, 

Hoffman TA, Naqvi A, Lewarchik CM, et 

al. Histone and DNA methylation-mediated 

epigenetic downregulation of endothelial 

Kruppel-like factor 2 by low-density 

lipoprotein cholesterol. Arterioscler 

Thromb Vasc Biol. 2013;33(8):1936-42. 

 

41. Wang J, Gong L, Tan Y, Hui R, 

Wang Y. Hypertensive epigenetics: from 

DNA methylation to microRNAs. J Hum 

Hypertens. 2015;29(10):575-82. 

 

42. Sharma S, Sarathlal KC, Taliyan R. 

Epigenetics in Neurodegenerative 

Diseases: The Role of Histone 

Deacetylases. CNS Neurol Disord Drug 

Targets. 2019;18(1):11-8. 

 

43. Bakulski KM, Dolinoy DC, Sartor 

MA, Paulson HL, Konen JR, Lieberman 

AP, et al. Genome-wide DNA methylation 

differences between late-onset Alzheimer's 

disease and cognitively normal controls in 

human frontal cortex. Journal of 

Alzheimer's disease: JAD. 2012;29(3):571-

88. 

 

44. Zhang K, Schrag M, Crofton A, 

Trivedi R, Vinters H, Kirsch W. Targeted 

proteomics for quantification of histone 

acetylation in Alzheimer's disease. 

Proteomics. 2012;12(8):1261-8. 

 

45. Smith P, Al Hashimi A, Girard J, 

Delay C, Hebert SS. In vivo regulation of 

amyloid precursor protein neuronal 

splicing by microRNAs. J Neurochem. 

2011;116(2):240-7. 

 

46. van Heesbeen HJ, Smidt MP. 

Entanglement of Genetics and Epigenetics 

in Parkinson's Disease. Front Neurosci. 

2019; 13:277. 

 

47. Hewel C, Kaiser J, Wierczeiko A, 

Linke J, Reinhardt C, Endres K, et al. 

Common miRNA Patterns of Alzheimer's 

Disease and Parkinson's Disease and Their 

Putative Impact on Commensal Gut 

Microbiota. Front Neurosci. 2019; 13:113. 

 

48. Cheng Y, He C, Wang M, Ma X, 

Mo F, Yang S, et al. Targeting epigenetic 

regulators for cancer therapy: mechanisms 

and advances in clinical trials. Signal 

Transduct Target Ther. 2019; 4:62. 

 

49. Kaminskas E, Farrell AT, Wang 

YC, Sridhara R, Pazdur R. FDA drug 

approval summary: azacitidine (5-

azacytidine, Vidaza) for injectable 

suspension. Oncologist. 2005;10(3):176-

82. 

 

50. Zhai Y, Zhang Z, Yu H, Su L, Yao 

G, Ma X, et al. Dynamic Methylation 

Changes of DNA and H3K4 by RG108 

Improve Epigenetic Reprogramming of 

Somatic Cell Nuclear Transfer Embryos in 

Pigs. Cell Physiol Biochem. 

2018;50(4):1376-97. 

 

51. Campbell CT, Haladyna JN, Drubin 

DA, Thomson TM, Maria MJ, Yamauchi T, 

et al. Mechanisms of Pinometostat (EPZ-

5676) Treatment-Emergent Resistance in 

MLL-Rearranged Leukemia. Mol Cancer 

Ther. 2017;16(8):1669-79. 

 

52. Fioravanti R, Romanelli A, 

Mautone N, Di Bello E, Rovere A, Corinti 

D, et al. Tranylcypromine-Based LSD1 

Inhibitors: Structure-Activity 

Relationships, Antiproliferative Effects in 

Leukemia, and Gene Target Modulation. 

ChemMedChem. 2020;15(7):643-58. 

 


