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Öz

Epigenetik değişiklik, kromatin modifikasyonu, DNA 
metilasyonu, histon modifikasyonu, kromatin düzen-
leyici proteinler ve kodlamayan RNA'lar yoluyla mey-
dana gelmekte olup, kalıcı genotipik değişiklik olmak-
sızın gerçekleşen fenotipik bir değişikliği ifade eder. 
Transkripsiyon sonrası m6A RNA metilasyonu da yeni 
tanımlanmış bir epigenetik mekanizma olup, yeni bir 
tanısal biyobelirteç ve potansiyel terapötik hedef oldu-
ğuna inanılmaktadır. Epigenetik değişikliklerin birçok 
nonneoplastik ve neoplastik hastalığın gelişiminde 
ve ilerlemesinde önemli bir rol oynadığı iyi bilinen bir 
gerçektir. Bu nedenle epigenetik değişiklikler tanısal 
ve prognostik açıdan değerlidir. Öte yandan kişisel-
leştirilmiş tıp ve hedefe yönelik tedavi yaklaşımlarının 
gelişmesiyle birlikte epigenetik değişiklikleri hedefle-
yen tedavi stratejileri birçok hastalık için umut verici 
bir alan haline gelmektedir. Bu derlemenin amacı, 

epigenetik değişikliklerin mekanizmaları ve neoplastik 
/ nonneoplastik hastalıkların gelişimindeki rolleri hak-
kında klinisyenlere ve laboratuvar tıbbı uzmanlarına 
daha sonraki araştırmalar için yardımcı olabilecek bil-
giler sağlamaktır.

Anahtar Kelimeler: Epigenetik, Hastalık, Nonneop-
lastik, Neoplastik

Abstract

Epigenetic change refers to a phenotypic alteration 
without permanent genotypic change, which occurs 
through chromatin modification, DNA methylation, 
histone modification, chromatin-regulating proteins 
and non-coding RNAs. Post-transcriptional m6A 
RNA methylation is also a newly described epigenetic 
mechanism and believed to be a new diagnostic 
biomarker and potential therapeutic target. It is a well-
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Epigenetic Change

Conrad Waddington proposed the concept of 
“epigenetics” in 1942 and this term expresses the 
phenotypic change without genotypic alteration [1]. 
Epigenetic changes consist of numerous chemical 
arrangements that can tell the genome what to do and 
what not to do. When the function of DNA changes 
epigenetically, the genome is marked and the DNA 
sequence does not change. These changes can be 
inherited through mitosis and meiosis [1, 2]. Expression 
of the gene appears to be more important rather than 
which genes are inherited [3]. Epigenetic modification 
mechanisms include; chromatin modification, DNA 
methylation, histone modification, chromatin regulating 
proteins and non-coding RNAs [2]. Recently, post-
transcriptional modification of RNA is shown to play 
an important role in the development of several 
diseases as an epigenetic change mechanism. 
N6-methyladenine (m6A) RNA modification is the 
most investigated mechanism, and is involved in 
physiological conditions. Its dysfunction is thought to 
be involved in the development of various neoplastic 
and nonneoplastic diseases. More than 60% of all 
RNA modifications occur via methylation and m6A is 
the most abundant chemical modification in eukaryotic 
messenger RNA, which acts in regulation of cell fate, 
proliferation, metabolism and biogenesis of several 
tumor types [4, 5].

The Difference Between Epigenetic 			 
Change and Mutation

Epigenetic change is a mechanism that alters the 
expression of a gene without an alteration in the 
nucleotide sequence as opposed to mutations in 
which the nucleotide sequence is permanently altered 
[6]. Our genetic code is permanently determined, but 
acquired epigenetic traits are plastic and partially 
reversible. Epigenetic changes can occur due to the 
environmental exposure, but they do not occur equally 
in all periods of life. The most critical life periods 
are known as preconception, early development, 

pregnancy and early life periods [7]. Epigenetic 
changes play a key role in the control of cellular 
processes such as differentiation, embryogenesis, X 
chromosome inactivation and genomic suppression 
by regulating the expression of genes and changing 
protein levels. In many studies it has been shown 
that epigenetic regulations cause susceptibility to 
diseases. Errors in these mechanisms can cause 
cancer, neurological diseases, autoimmune diseases 
and various developmental disorders [8].

Mechanisms of the Epigenetic Change 

Chromatin modification

Chromatin is a complex architectural chromosome unit 
consisting of DNA and proteins. It forms the physical 
basis of epigenetic changes. Chromatin modification 
is an important mechanism, which affects transcription 
factor binding as an important component of epigenetic 
modification, and differential gene expression between 
cell types [9]. The complex structure of chromatin is 
divided into two categories as heterochromatin and 
euchromatin. Heterochromatin has a condensed 
chromatin structure (30 nm chromatin fibril) and is 
inactive for transcription while euchromatin has a 
loose chromatin structure (11 nm chromatin fibril) 
and is active for transcription [10]. The location of the 
heterochromatin and euchromatin structure within the 
nucleus is also different. While the periphery of the 
nucleus is enriched for heterochromatin, euchromatin 
is located in the center of the nucleus, suggesting that 
the location of a gene within the nucleus is important 
for its epigenetic function [1].

The transcription initiating region called promoter and 
the regions that increase the speed of transcription, 
called enhancer, are the functional regions of our 
genome. Chromatin acts as a filter in terms of binding 
transcription factors to these functional regions. In 
order to activate a gene and copy it into mRNA, 
the chromatin in both the promoter and enhancer 
regions must be accessible. Therefore, in most 

known fact that epigenetic changes play a significant 
role in the development and progression of several 
nonneoplastic and neoplastic diseases. Therefore, 
epigenetic changes are of value in diagnostic 
and prognostic terms. On the other hand, with the 
development of personalized medicine and targeted 
treatment approaches, treatment strategies targeting 
the epigenetic changes are becoming a promising 
area for many diseases. The aim of this review is 

to provide information about the mechanisms of 
epigenetic changes and their role in the development 
of neoplastic and nonneoplastic diseases, which may 
be helpful for the clinicians and laboratory medicine 
experts for further researchs.

Keywords: Epigenetic, Disease, Nonneoplastic, 
Neoplastic
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circumstances gene activation requires the transition 
from heterochromatin to euchromatin [11]. Chromatin 
remodeling factors play an important role in this 
transition by binding to transcription activators (Figure 
1). Meanwhile, the opposite of these processes 
occur if these factors are linked to transcription 
suppressors to inhibit the transcription [2, 12]. While 
some of the epigenetic mechanisms enable genes 
to be silenced by converting chromatin into the form 
of heterochromatin, some of them enable genes to 
be activated by converting it into euchromatin form. 
Mechanisms of chromatin modification that can 
cause epigenetic changes include DNA methylation/
unmethylation, nucleosome arrengement, histone 
methylation, dense/loose nucleosome packaging, and 
regulation of the nuclear organisation [1].

DNA methylation

DNA methylation, an important epigenetic control 
mechanism involved in the protection of genome 
integrity, transcriptional regulation and developmental 
processes, is a covalent modification formed by the 
attachment of a methyl group to the carbon atom 
in the 5’ position of the cytosine-guanine (CpG) 
dinucleotides [13]. DNA methyltransferase enzymes 
(DNMT) are responsible for this chemical reaction. 

This enzyme enables the methyl group transfer from 
S-adenosyl-methionine, which is the source of the 
methyl group, to the cytosine ring [14]. Although DNA 
methylation shows a conserved epigenetic inheritance 
in newly formed DNA strands after replication, it can 
be reversed through ten-eleven translocation (TET) 
enzymes [2].

Methylated cytosines constitute approximately 1% of 
the nucleotides in the whole genome and approximately 
75% of the CpG dinucleotides. The regions including 
dense CpG dinucleotides throughout the genome are 
called CpG islands [15]. Approximately 60% of gene 
promoter regions in the human genome are associated 
with CpG islands. CpG islands in these regions are 
mostly unmethylated, except for some special tissues 
that show differentiation. CpG island methylation often 
leads to transcriptional suppression, which plays an 
important role in physiological processes such as 
determining which allele (maternal or paternal) to be 
expressed in a diploid cell (genomic imprinting or X 
chromosome inactivation) [13, 16]. DNA methylation-
mediated gene silencing can occur directly by 
preventing binding of transcription factors or indirectly 
by binding methyl-CpG binding proteins to methylated 
DNA [17, 18].

In addition to the CpG islands, DNA methylation also 
occurs in CpG shores (regions containing less dense 
CpG dinucleotides), gene bodies and non-coding 
intragenic regions and act in transcriptional regulation. 
Methylation of the CpG shores leads to transcriptional 
suppression, and the methylation status in these 
regions in particular is thought to cause different DNA 
methylation patterns. In contrast, DNA methylation 
in gene body regions is usually observed in highly 
expressed genes and is associated with increased 
gene expression. DNA methylation in non-coded 
intragenic regions is predominantly seen in repetitive 
elements such as satellite DNA, SINE, LINE, and 
contributes to the protection of genome integrity [16, 
19].

Histone modification

The DNA is organized around an octameric structure 
called nucleosome core particle, which consists of 
H2A, H2B, H3, H4 histone proteins. DNA fragments 
consisting of 145-147 bps are wrapped around this 
structure 1.65 times. H1 has a histone binding feature 
and contributes to chromosome structure outside 
the nucleosome (Figure 2). The histone structure 
is globular except for the N-terminal tail protruding 
from the nucleosome to communicate with other 
nucleosomes. This tail contains 130 amino acids. 

Süleyman Demirel Üniversitesi Tıp Fakültesi Dergisi

Figure 1
Mechanisms of the epigenetic remodeling of chromatine-

associated with active or inactive gene expression.
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Histone modification processes neutralize acidic 
residues, weaken the connection between DNA and 
chromatin, and facilitate chromatin’s accessibility 
[20]. The main post-translational modifications 
in the histone tail are acetylation, methylation, 
phosphorylation, ubiquitination, sumoylation and 
ADP-ribosylation [21].

Histone acetylation is a mechanism that provides 
transcriptional activity to the gene by neutralizing 
the positive charge of histone in the lysine tail and 
weakening the histone-DNA link. Histone acetylation 
is regulated by two antagonist enzymes, histone 
acetyl transferase (HAT) and histone deacetylase 
(HDAC). The HAT enzyme acetylates the lysine tail of 
the histone, weakening the histone – DNA connection.  
HDAC, on the other hand, reverses this mechanism 
and suppresses transcription by stabilizing the 
chromatin structure [20]. Histone methylation takes 
place in the lysine or arginine residue, causing 
condensation or relaxation of the chromatin relative 
to the modified residue site. Two antagonist 
enzymes, histone methyl transferase and histone 
demethylase, are available for histone methylation. 
The exact position of the methylated domain and the 
degree of methylation differ in transcriptional effect 
[22]. Histone phosphorylation results in a negative 
charge to the histone by adding a phosphate group 
to the serine, threonine and tyrosine residue [23]. 
ADP Ribosylation is a reversible process that takes 
place in the form of poly-/mono-ADP ribosylation in 
glutamate and arginine residues. Ubiquitination is 
a broad type of covalent modification unlike other 
identified modifications. Sumoylation is a type of 
modification related to ubiquitination and antagonizes 
the acetylation and ubiquitination mechanism that 
takes place in the same lysine region [21].

Chromatin-regulating proteins                                                       
and non-coding RNAs

Chromatin-regulating protein complexes can cause 
epigenetic changes by changing the interaction 
between DNA and histones. They shift the nucleosomes 
into new positions by catalyzing the movement of 
histone octamers on DNA to enable transcription 
factors reach the specific regions in DNA. They also 
enable the interaction of specific DNA regions with 
proteins that regulate transcription and form non-
nucleosome regions. These protein complexes can 
be brought into DNA via transcription activators and 
repressors. Thus, the initiation of transcription can be 
achieved or prevented by changing the sequences of 
nucleosomes [2].

The newest class of molecules that contribute to 
epigenetic changes are non-coding RNAs (ncRNA). 
Non-coding RNAs can be divided into two categories 
according to their functions as regulator RNAs and 
housekeeping RNAs, while regulator RNAs are also 
divided into two categories according to their size. 
Those larger than two hundred nucleotides are called 
as long non-coding RNAs (lncRNA), while those 
shorter than 200 nucleotides are called short-chain 
non-coding RNAs (siRNAs, miRNAs and piRNAs) [24]. 
Recent studies have revealed that ncRNAs play an 
important role in epigenetic changes and can regulate 
expression at the gene or chromosome level [25]. Short, 
19-25 nucleotides long, miRNAs partially or completely 
match with the 3’ regions (3’UTR) of target mRNAs to 
regulate gene expression through post-transcriptional 
silencing and/or degradation [26]. It has been shown 
that more than 30% of human genes, which act in cell 
growth, cell cycle regulation, apoptosis, differentiation, 
and cellular response to the stress, are targeted by the 
miRNAs [25]. Expression of miRNA is tissue-specific, 
and thanks to its ability to target post-transcription gene 
silencing, it can cause epigenetic changes by directly 
regulating gene transcription [27]. It has been shown 
that the siRNA, produced from long double-stranded 
RNA molecules that can be cut into 19-24 nucleotide-
long RNA fragments by the Dicer enzyme is capable 
of transcriptional gene silencing in cells through DNA 
methylation and histone modification [28]. LncRNAs 
are known as key players for the gene regulation in 
a variety of human pathologies due to their impact 
on regulating the heterochromatin formation, histone 
modifications, DNA methylation and gene silencing. 
LncRNAs act by binding to transcription regulating 
proteins, including histone modification enzymes and 
chromatin remodeling factors. However, they are also 
known to act by binding to miRNAs or regulate mRNAs 
by binding directly [26].

276

t

Figure 2
The structure of the Histone.



277t

Epigenetic Changes in                          
Nonneoplastic Diseases

Genetic and neurodegenerative diseases

Epigenetic changes can lead to genetic diseases, 
particularly through increased or decreased DNA 
methylations in related genes [29]. One of the best 
example of these diseases is Silver-Russell syndrome, 
which is associated with epigenetic changes in the 
region that includes the IGF2/H19 domain of the 
telomeric section (11p15.5) on chromosome 11. 
Silver-Russell syndrome presents with intrauterine 
and postnatal growth retardation, facial dysmorphism, 
body asymmetry and nutritional problems in affected 
patients. Beckwith-Wiedemann, Prader-Willi and 
Angelman syndromes are also associated with 
epigenetic changes [29].

Neurodegenerative diseases, including Alzheimer’s, 
Parkinson’s, Amyotrophic Lateral Sclerosis, and 
Huntington’s disease, are considered to be the second 
leading cause of death by replacing cancer around 
the world in 2050 [30]. It is not sufficient to explain 
the pathophysiology of neurodegenerative diseases 
with only genetic. In addition to genetic alterations, 
epigenetic changes appear to be involved in their 
pathogenesis. Although there are similarities among 
these diseases in terms of proteopathies formed by 
genetic and misfolded proteins, important epigenetic 
changes such as decreased DNA methylation in 
the temporal neocortex are also observed as in 
Alzheimer’s [29-31]. Cytosine methylation and histone 
modification continue from early brain development to 
older age. Epigenetic changes in genes that initiate 
neurodegeneration in the substantial region include; 
hypomethylation, histone hypoacetylation and 
accompanying misfolded protein accumulation [29, 
30].

Immunological diseases

The mechanisms of rearrangement of antigen 
receptors, allelic exclusion, and response to 
pathogens, which are characteristics of immune cells, 
are epigenetically controlled [32]. Internal and external 
environmental factors, such as smoking, nutrition, viral 
infection, and exposure to chemicals, contribute to the 
development of autoimmune diseases by regulating 
some genes through epigenetic mechanisms [33]. 
Various studies of systemic lupus erythematosus 
(SLE) have shown increased expression of integrin 
ITGAL, CD40LG, Perforin 1, CD70, IFN gamma 
receptor 2, MMP14, Lipocalin 2, and rRNA (18S 
and 28S) gene promoters by hypomethylation [34]. 
Hypomethylation and decrease in acetylation in 

synovial cells in rheumatoid arthritis (RA) cause 
excessive expression of inflammatory cytokines in 
synovial fluid. IL-6 promoter gene hypomethylation 
in mononuclear cells in RA patients lead to the B 
cell response and increased inflammation [34]. In 
multiple sclerosis (MS), protein-arginine deaminase 
type 2 (PAD2) promoter region is hypomethylated. 
Overexpression of PAD2 induces myelin imbalance 
and chronic inflammation [35].

Unlike SLE and RA in type 1 diabetes mellitus, 
hypermethylation activity is increased due to the 
changes in homocysteine ​​metabolism. CTLA4, 
TGF-ß, NF-κB, p38 mitogen-activated protein 
kinase, toll-like receptors and IL-6 genes, which 
are associated with autoimmune mechanism and 
inflammation in lymphocytes, have been observed to 
increase H3K9me2. It is also known that the H3K4 and 
H3K9 modification is associated with hyperglycemia-
associated gene expression [34]. Increased expression 
of miR-21, miR-34a and miR-146a in pancreatic islets 
increases the level of proinflammatory cytokines 
leading to beta cell failure [36].

Asthma and allergic diseases are characterized by an 
exaggerated immune reaction. Evidence about the 
efficacy of epigenetic mechanisms in this reaction is 
increasing. Various environmental factors such as air 
pollution, cigarette smoke, diet during pregnancy and 
vitamin D level also play a role in the development of 
these diseases by affecting epigenetic mechanisms. 
Atopy and asthma related genes (IFN-γ, IL4, IL13, 
IL17) and regulatory T cell related genes (FOXP3, 
Arginase, iNOS) are sensitive to epigenetic regulation. 
It has been observed that DNA demethylation in CpG 
regions of the IFN-γ gene induces IFN-γ. MiR-145 
is also important for the proinflammatory process in 
patients with allergic respiratory tract [37].

Psychiatric diseases

In psychiatric disorders, DNA methylation and histone 
modifications have been shown to be important for 
neural and glial cell differentiation and gene regulation 
during brain development. They are also involved in 
the regulation of neuroplasticity, memory formation, 
emotional response, and neurogenesis in adulthood 
[38]. It is known that glucocorticoid hormone expression 
increases as a result of the stimulation of the hypothalamus-
pituitary-adrenal gland (HPA) axis in response to stress 
in patients with depression. Overstimulation of the 
HPA axis is associated with glucocorticoid receptor 
down-regulation. DNA methylation in the glucocorticoid 
receptor gene was detected in postmortem studies. 
Increased brain-derived neurotrophic factor methylation 

Süleyman Demirel Üniversitesi Tıp Fakültesi Dergisi
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and increased H3K4me3 levels in synapsin genes in 
the prefrontal cortex have also been detected [38, 39]. 
GABAergic dysfunction, related to the basic cognitive 
symptoms, plays an important role in the pathogenesis 
of schizophrenia. The expression of RELN and GAD1 
genes (GABAergic genes) were shown to be decreased 
by hypermethylation and H3K4me3 modification [38, 
40].

Epigenetic Changes in                                 
Neoplastic Diseases

Cancers of the gastrointestinal tract

In colorectal carcinogenesis, the silencing of tumor 
suppressor genes (TSG) such as CDKN2A, MLH1 
and APC by promoter methylation and activation 
of protooncogenes such as HRAS and cMYC by 
hypomethylation are the main epigenetic mechanisms 
[41]. Colorectal cancers are divided into three groups 
as chromosomal instable, microsatellite instable (MSI) 
and CpG islet methylator phenotype (CIMP). The 
most common mechanism in MSI tumors is the MLH1 
gene promoter methylation [42]. CIMP tumors develop 
as a result of inactivation by CpG islet methylation 
in the TSG promoter. LncRNA also affects cancer-
related genes such as WNT, TGF-B, EGFR and 
TP53 by different mechanisms. MiR-200, miR-143, 
mirRNA-145, miRNA-34a and let7 family have been 
reported as tumor suppressor miRNAs, while miR-21, 
miR-31, miR-34b and miR-34c have been reported as 
miRNAs with oncogenic effects [43].

DNA hypermethylation is also seen in EBV-
associated gastric cancers, which are also defined 
as the CIMP phenotype in the stomach, and MSI 
tumors. DNA methylation affects the pathogenesis 
of gastric carcinoma through extrinsic (Helicobacter 
Pylori, inflammation, smoking, diet, age and physical 
activity) and intrinsic mechanisms. Helicobacter 
pylori inflammation has been associated with hypo- 
and hypermethylation of the gastric mucosa. EBV 
causes hypermethylation due to its pathogenic effect. 
Additionally, demethylating loss of TET1 is often 
present in MSI tumors exhibiting the gastric CIMP 
phenotype [44].

Many epigenetic mechanisms, including miRNA 
and DNA methylation, effect the esophageal 
carcinogenesis. Thirty-eight miRNAs were reported 
to be upregulated, while 74 were reported to be 
downregulated in esophageal adenocarcinomas [45]. 
Many studies have shown that miR21 has an effect on 
PTEN in esophageal squamous cell carcinomas and 
Barret adenocarcinomas. CDX2 methylation has also 
been reported to effect the carcinogenesis [46].

Malignancies of the central nervous system

Among the central nervous system tumors, 
glioblastomas and ependymomas constitute the group 
of tumors whose epigenetic mechanisms are more 
elucidated. An epigenetic classification was made 
based on DNA methylation profiles in these two tumor 
groups. According to this classification, higher DNA 
methylation rates have been detected in tumors with 
the CIMP phenotype [47]. Global DNA hypomethylation 
and gene-specific hypermethylation, generally 
lead to genomic instability and silencing of TSGs 
in gioblastoma [48]. Global DNA hypomethylation 
occurs due to the decreased expression of DNMT3B 
in glioblastomas and is thought to contribute to 
tumorigenesis by silencing some genes. O6-methyl 
guanine-DNA methyl transferase (MGMT), is the most 
frequently suppressed gene in this way. Decreased 
MGMT levels, have been associated with 1p/19q 
codeletion, IDH and TP53 mutations, and is blamed 
for shorter disease-free survival and resistance to 
treatment [47, 49]. 

Tumor suppressor genes such as RB, CDKN2A, 
PTEN, TP53 and genes involved in apoptosis such 
as Ras association domain family 1A (RASSF1A) and 
CASP8 are the other hypermethylated genes [48]. 
In addition, increased levels of miR-21 and miR-26a 
silence the TSGs, while decreased levels of miR-124, 
miR-128 and miR-451 contribute to tumorigenesis by 
stimulating proliferation and invasion ability [48].

Endocrine system malignancies

It is known that many genes related to regulation of 
cell proliferation and differentiation contain epigenetic 
changes in thyroid tumors, which are the most 
studied tumors in terms of epigenetic mechanisms 
among endocrine system tumors. Studies examining 
methylation profiles have found differences in gene 
methylation patterns in different thyroid carcinoma 
groups [50].

It has been reported that the PTEN gene, which inhibit 
the PI3K/Akt pathway, is frequently hypermethylated 
in papillary thyroid cancers (PTC) and follicular thyroid 
cancers (FTC). Coexistence of BRAF mutation in 
PTCs with hypermethylation of TSGs such as tissue 
suppressor of metalloproteinase enzyme (TIMP3) 
and death-associated protein kinase (DAPK) has 
been observed [50]. This association was found to 
be associated with aggressive clinicopathological 
parameters such as extrathyroidal spread, presence 
of lymph node metastasis and advanced stage 
[51]. Hypermethylation of the RASSF1A gene has 
mostly been reported in FTCs and anaplastic thyroid 
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carcinomas (ATC), leading to uncontrolled cell 
proliferation by stimulating the MAPK pathway, which 
is an important pathway in thyroid carcinogenesis. 
However, in studies examining the status of DNA 
methylation in the whole genome, it has been reported 
that global hypomethylation in gene promoters in 
ATCs is a more common epigenetic change than 
hypermethylation [52].

Non-coding RNAs also play a role in the tumorigenesis 
in thyroid carcinomas. MiR-21, miR-146b and miR-
204 levels found to be associated with the degree 
of differentiation in thyroid tumors. There are studies 
reporting that increased miR-6 levels in PTCs are 
associated with advanced stage and aggressive course 
[51]. Decreased levels of miR-200 and miR-30 were 
found in ATCs in relation to epithelial mesenchymal 
transition and increased invasiveness [53].

Melanoma

It has been shown that a large group of genes are 
methylated in melanomas [54]. Among the TSGs that 
are reported to be hypermethylated most frequently 
in the process of melanoma development and 
progression are retinoic acid receptor-beta2 (RAR-
beta 2), RASSF1A, CDKN2A, PTEN genes [55]. The 
transformation of 5 methyl cytosine to 5-hmc by TET 
enzymes (basic DNA demethylation mechanism) is 
an important epigenetic process affecting melanoma 
progression. Decreased levels of TET enzymes are 
also a more common finding in melanomas than in 
benign nevi [56]. Histone hypoacetylation is another 
epigenetic mechanism that leads to suppression of 
the TSGs in melanomas. Levels of EZH2 protein, a 
subunit of histone modifying enzymes, increase in the 
melanocytic nevus-melanoma spectrum [56]. In recent 
studies, it has been shown that increased levels of miR-
221 and miR-137 are responsible for stimulation of cell 
proliferation, while miR-204 and let-7a are responsible 
for cell migration and invasion in melanomas [57].

Lung cancer

Epigenetic changes are responsible for silencing of 
TSGs and activation of oncogenes in lung cancer 
[58]. Smoking causes DNA methylation changes. 
Hypermethylation is observed in CpG islands, 
which constitute approximately 75-80% of the 
promoter regions of the genes in lung cancers. 
MLH1 hypermethylation, most commonly defined 
in colorectal cancers, has also been identified in 
non-small cell lung cancer. DAPK1 and CDKN2A 
promoter hypermethylation are common changes 
in lung carcinomas. Hypermethylation has been 
identified in more than 700 genes in lung cancers. 

Among these; APC, PTEN, RASSF1A, MGMT, 
SHOX2, SEPT9, RARB2 and E-cadherin are the 
most frequently hypermethylated genes [19]. Histone 
modifications have been found more frequently in the 
EGFR, KRAS, NRAS, MYC, ERBB2 and MET genes 
in lung cancer [59]. Studies have shown that a large 
number of miRNAs play a role in the development and 
progression of lung cancer. MiR-21, one of the most 
well-regulated miRNAs, inactivates oncogenes such 
as RAS and MYC. On the other hand, miR-34 plays a 
role in gene expression by creating tumor suppressing 
effect through p53. In addition, miR-21, miR-183, miR-
126 and miR-155 were found to be associated with 
poorer prognosis in lung cancers [60]. Metastasis-
associated lung carcinoma transcript 1 (MALAT1) 
lncRNA was found to be upregulated in lung cancers. 
It has been reported that TINCR lncRNA is down-
regulated in lung adenocarcinoma and squamous cell 
carcinoma (SCC) when compared to normal tissues, 
while SNHG1 is upregulated in SCCs. The absence of 
SNHG1 has been found to inhibit tumor invasion and 
metastasis [61].

Head and neck cancers

The best defined epigenetic changes in head and neck 
SCCs is DNA methylation. Promoter hypermethylation 
has been detected in many genes in these tumors, 
and the most known ones are the genes that affect the 
APC, MGMT, DAPK1, CDKN2A, RASSF1, EDNRB, 
Cadherin family and the WNT signaling pathway. 
In these genes, methylation contributes to tumor 
development by causing loss of expression [19, 62]. 
Athough histone modifications are rare in head and 
neck cancers, H3K4, H3K9 and H3K27 methylation 
has been reported in oral SCCs [63]. Numerous 
miRNAs with increased or decreased expressions in 
tumors of different localization in the head and neck 
region have been reported [64].

Breast cancer and gynecological malignancies

A relatively small number of genes are frequently 
hypomethylated in breast tumors. In contrast, more than 
100 genes have been shown to be hypermethylated 
in the CpG promoter region, and they play critical 
roles in apoptosis, cell cycle regulation, angiogenesis, 
invasion, metastasis, and hormonal signaling [65]. 
CCND2 and CDKN2A, which act as cell cycle 
regulators, have been found to be widely methylated. 
APC, TWIST and HOXA5, which play a key role in 
the apoptosis, are silenced by DNA hypermethylation. 
Estrogen receptor alpha and progesterone receptor 
(PgR) are also frequently methylated. In addition to 
protein-encoding genes, it has been shown that tumor 
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suppressor miRNAs can also be silenced by DNA 
methylation in breast cancer cells [27]. It has also been 
shown that histone modification by demethylases play 
a role in the development of breast cancer through 
the Wnt1/Beta-catenin pathway [66]. The reduction 
of H3K9 trimethyl demethylase JMJD2B (component 
of the H3K4-specific methyltransferase) inhibits 
tumor growth by preventing estrogen-induced G1/S 
transmission [67].

MiRNAs are generally down-regulated in breast 
cancer. Depletion of the let-7 miRNA family in breast 
cancer leads to increased tumor development. 
MiRNAs, which are associated with high proliferative 
activity index (let-7c and let-7d), PgR status (let-7c), 
and positive lymph node status (let-7f-1, let-7a-3 
and let-7a-2) have been defined [68]. In addition, 
miR-15/16 has been shown to be downregulated 
in breast cancer, leading to abnormal expression of 
BCL2 [69]. However, amplification of some miRNAs, 
such as increased invasiveness and lung metastasis 
associated miR-21 overexpression, have also been 
identified in breast cancer [27].

Epigenetic changes such as hypermethylation of 
specific gene promoters have also been described 
in ovarian and endometrial cancers, which are the 
most common gynecological malignancies. Promoter 
hypermethylation of TSGs, such as BRCA1 and 
RASSF1A is more frequent in ovarian cancers 
than they are in non-neoplastic tissues, causing 
genomic instability by inhibiting BRCA1 function. In 
addition, chromatin regulating proteins also cause 
epigenetic changes in ovarian cancers [70]. Promoter 
hypermethylation is the most common epigenetic 
mechanism in endometrioid endometrial cancers. 
Epigenetic changes in TSGs cause microsatellite 
instability in 20-35% of endometrioid cancers, 
leading to alterations in the DNA repair, apoptosis, 
transcriptional regulation and signal transduction 
associated genes. The silencing of TSGs usually occur 
via MLH1 promoter hypermethylation in endometrioid 
cancers. Epigenetic changes are less significant in 
non-endometrioid endometrial cancers [71].

Prostate cancer and malignancies                            
of the urinary system

DNA hypomethylation, which can lead to structural 
and functional changes in the genome, has been 
observed in prostate cancer cells. Gene-specific 
hypomethylation has a role in invasion, metastasis 
and cell cycle control in prostate cancer. DNA 
hypermethylation is the most common and well-known 
epigenetic change in prostate cancer as well as in other 

cancers. Hypermethylated genes play critical roles in 
various biological processes, including DNA damage 
repair, signal transduction, adhesion, hormonal 
transmission, apoptosis, invasion, metastasis, and cell 
cycle control [27]. Changes in histone modifications 
have been shown to play an important role during 
prostate carcinogenesis by facilitating the activation 
of genes that enable cell growth and survival, and by 
silencing TSGs. Prostate cancer cells are enriched 
with H3K4me3, which is associated with the activation 
of genes such as BCL2 [72].

A large number of oncogenic miRNAs, such as miR-
15a/16, miR-21, miR-125b, miR-32, miR-26a, miR-
196a, miR-181a, miR-25, miR-92/-93, miR-221/-222, 
miR-488 and let-7i were found to be upregulated in 
prostate cancer. On the other hand, various tumor 
suppressor miRNAs, such as miR-101, miR-126, miR 
-205, miR-31, miR-146a, miR-330, miR-34 set, miR-
218, miR-128, miR-203, and miR-200 family were 
found to be abnormally regulated and silenced [73, 
74]. Additionally, miR-34 activation reduce the effect 
of proteins such as CDK4, CDK6, cyclin D1, cyclin E2, 
E2F3, BCL2 to increase cell cycle arrest and apoptosis 
[27].

Mechanisms of epigenetic changes have also been 
investigated in urinary tract malignancies such as 
kidney and bladder cancers. In clear cell renal cell 
carcinomas, it has been shown that abnormal DNA 
methylation can cause transcriptional defects in 
related genes, leading to some gene expression 
errors and cell differentiation errors. It has also been 
demonstrated that TSGs and DNA repair genes are 
silenced by hypermethylation [75]. In bladder cancers, 
the abnormal promoter methylation level was found 
to correlate with the clinicopathological profile, and 
hypermethylation in four genes (RASSF1A, CDH1, 
CDH13 and APC) was found to be associated with 
more aggressive features [76].

Detection of the Epigenetic Changes

Epigenetic changes, caused by DNA methylation, can 
be detected by molecular pathologic methods such 
as polymerase chain reaction (PCR), next generation 
sequencing (NGS) and DNA microarray analysis. 
Selection of a specific method to detect the methylated 
CpG sequences depends on the objectives of the 
study. Bisulfite conversion - followed by sequencing 
or microarray analysis can be employed to uncover 
newly methylated sites. Bisulfite conversion - followed 
by qPCR / PCR and sequencing can be used to 
detect the extent of known methylated genes. 
Bisulfite conversion changes unmethylated cytosines 
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to uracil during library preparation process of NGS. 
Converted bases are identified (after PCR) as thymine 
in the sequencing data, and read counts are used to 
determine the % methylated cytosines [77, 78]. 

Conclusion

The mechanisms of epigenetic change, including 
recently identified m6A RNA methylation are believed 
to be diagnostic biomarkers and potential therapeutic 
targets for several nonneoplastic and neoplastic 
diseases. Therefore, they should be investigated in a 
wide variety of diseases to understand how they affect 
the development and progression of these diseases.
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