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Abstract 

DNA methylation, histone modification, and chromatin remodeling are examples of epigenetic 

modifications that play a critical role in the development of cancer. These modifications silence 

tumor suppressor genes, activate oncogenes, and interfere with the control of the cell cycle and 

apoptosis. Long and micro non-coding RNAs, two types of non-coding RNAs that are important in 

epigenetic regulation, have the potential to be used as biomarkers for cancer prognosis and 

diagnosis. In order to address therapeutic resistance and enhance treatment response, epigenetic 

medicines like as histone deacetylase inhibitors and DNA methyl transferase are being 

investigated in the clinical setting, especially in conjunction with conventional treatments. Future 

studies seek to improve patient outcomes by advancing our understanding of cancer biology by 

integrating epigenetic data with genomic and transcriptomic data. 

Keywords: Epigenetic alterations, Cancer development, DNA methylation, Histone modification, 

Chromatin remodeling 

1. Introduction 
In the early 1940s, Conrad Waddington defined "epigenetics" 

as "the branch of biology that studies the direct interactions 

between genes and their products, which bring the phenotype 

into being" [1]. The word "epigenetics" back then covered all 

biological mechanisms that regulate how a genotype 

manifests itself to produce a certain phenotype. But because 

genetics advanced so swiftly, the term's meaning was 

constrained. Epigenetics is now commonly defined as "the 

study of heritable changes in gene function that occur without 

changes in the DNA sequence, whether through mitosis or 

meiosis" [2]. Most recent research associates epigenetic 

modifications with covalent modifications of DNA bases, 

post-translational modifications of histone amino-terminal 

tails, and variances in histones. It is necessary to thoroughly 

analyze the current understanding of epigenetics since these 

changes in epigenetics are also necessary for the expression 

and silencing of noncoding sequences [3]. 

2. Overview of epigenetic alterations in 

cancer 
Genetic and epigenetic alterations in DNA are the main 

source of the changes in gene expression that cause aging and 

cancer. These modifications, which include nucleosome 

remodeling, microRNAs, DNA methylation, and histone 

modifications, commonly manifest as epigenetic 

abnormalities in human cancers [4]. These epigenetic 

regulators play a critical role in controlling gene expression 

and preserving cellular homeostasis. A complex interplay 

between genetic and epigenetic mechanisms underlies 

abnormal metabolic and biochemical processes in cancer. 

Widespread alterations in gene expression can result from 

mutations in the genes that regulate epigenetic processes, such 
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as DNA methylation and histone modification, which may 

play a role in the development of tumors. Tumor suppressor 

genes may go silent as a result of these alterations, or they 

may cause oncogenes to become active, hastening the spread 

of cancer. Targeting these epigenetic modifications in 

therapeutic approaches has shown promise, especially in 

hematological malignancies including lymphomas and 

preleukemia [5]. The capacity to reverse aberrant epigenetic 

patterns represents one potential therapeutic avenue for 

malignancies resulting from these changes. Emerging data 

suggests that epigenetic therapy may be used to treat solid 

tumors, while further research in this field is necessary. 

Hypoxia is a common feature of the tumor microenvironment, 

and it can lead to specific epigenetic changes that hasten the 

growth of cancer. Hypoxia-induced alterations in DNA 

methylation, histone modifications, and microRNA 

expression may promote a more aggressive tumor phenotype, 

which might aid in metastasis and treatment. 

 

Fig 1 .Metabolic reprogramming pathways and epigenetic 

modification marks interplay in cancer [7] 

3. DNA Methylation in Cancer 
Gene expression depends critically on DNA methylation, and 

therapy aimed at slowing the course of cancer is supported by 

changes in DNA methylation [8]. This knowledge suggests 

that it could be a cancer biomarker and contribute to the 

creation of effective treatment strategies. One of the essential 

cellular transcription regulation processes that also contribute 

to the development of cancer is DNA methylation [9]. 

Through hypo-or hypermethylation, abnormal DNA 

methylation causes cells to acquire carcinogenic 

characteristics. This modification is a component of 

epigenetic changes. Tumor suppressor gene silence is linked 

to hypermethylation, and this change has revealed the 

universal cause of oncogenes [10]. DNA methylation mostly 

impacts silenced genes and activates oncogenes in the context 

of cancer. DNA methylation is mediated by DNMTs, which 

move a methyl group from the universal methyl donor S-

adenosyl methionine (SAM) to the cytosine ring. 5-

methylcytosine is created when methylation takes place at 

cytosine's fifth carbon. This alteration has the potential to 

cause transcriptional repression and significantly affect gene 

expression by altering the binding affinity of transcription 

factors or drawing in proteins that recognize methylation 

DNA [11].  

Humans possess four types of DNMTs, each with distinct 

functions: 

1. DNMT1: DNMT1, also known as the maintenance 

methyltransferase, is mostly in charge of 

transferring methylation patterns from the parent 

DNA strands to the daughter DNA strands while 

DNA replicates. This preserves the genome's 

epigenetic landscape by ensuring that the 

methylation patterns are consistently passed down 

through cell divisions [12]. Because of its strong 

affinity for hemi methylated DNA, DNMT1 is a 

perfect fit for its function in maintenance 

methylation. 

2. DNMT2: The major function of DNMT1, also 

known as the maintenance methyltransferase, is to 

transfer methylation patterns from the parent DNA 

strands to the daughter DNA strands during DNA 

replication. Ensuring that methylation patterns are 

consistently passed down through cell divisions 

safeguards the genome's epigenetic landscape [12]. 

Because of its strong affinity for hemi-methylated 

DNA, DNMT1 is perfectly suited for its function in 

maintenance methylation. 

3. DNMT3a and DNMT3b: Known as de novo 

methyltransferases, these enzymes are responsible 

for the creation of new DNA methylation patterns 

throughout the early phases of development. 

DNMT3a and DNMT3b are critical for the 

establishment of tissue-specific methylation patterns 

during embryogenesis because they have the ability 

to methylate unmethylated DNA, whereas DNMT1 

primarily functions on hemi-methylated DNA. 

DNMT3a and DNMT3b are essential for normal 

development, and mutations in these enzymes have 

been connected to a variety of cancers and 

developmental issues. 

Table1. Function of DNMTs in DNA methylation and 

their role in cancer 

DNMTs Function in DNA 

methylation 

Involve in 

cancer 

DNMT1 During DNA replication it 

maintains methyl group in 

the semi-methylated stand 

of DNA  

Esophageal 

cancer, 

pancreas 

cancer, Colon 

cancer 

DNMT2 It plays role in cytosine 

methylation 

Breast cancer 

DNMT3a It conveyances methyl 

group in specific CpG side 

of DNA 

Acute myeloid 

leukaemia, 

liver cancer, 

lymphoma  

DNMT3b It is involved in de novo 

DNA methylation and 

works with RNA Pol-II 

and H3K36me3 

Acute myeloid 

leukemia, 

breast cancer,  

prostate cancer 
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Fig 2.Significance of Histone Methylation and DNA 

Methylation in Epigenetics Reproduced with permission 

under Creative Commons CC BY 4.0 license from 9 

(Copyright 2019 The Authors) 

Mechanisms of DNA methylation 

Two more common epigenetic processes that limit gene 

expression are histone modification and non-coding RNA-

mediated control of gene expression. One of these 

mechanisms, DNA methylation, inhibits gene expression in a 

number of different ways. Most of the time, DNA is 

methylated at the cytosine C5 position in the CpG 

dinucleotide (CpG sites). The methylation-prone CpG sites 

are not dispersed equally throughout the genome; they have 

the potential to unite to create CpG islands. DNA sequences 

containing more than 55% G and C nucleotides, at least 500 

base pairs in length, and a ratio of more than 65% between the 

actual and predicted numbers of CpG sites evenly dispersed 

throughout the genome are known as CpG islands [14]. 

The most functionally significant regions are CpG islands and 

their neighboring areas within 2 kb, as their methylation or 

demethylation significantly alters the expression level of 

nearby genes [15]. Additionally, there are isolated regions 

(shelves) that are separated from the surrounding areas and 

the remainder of the genome (sea) by a distance of only 2 kb, 

where CpG sites are uncommon and dispersed very evenly. 

CpG islands are found in around 70% of gene promoters, and 

their involvement in regulating gene expression is determined 

by these islands. 

 
Fig 3.DNA Methylation as an Epigenetic Mechanism for 

Regulating Gene Expression [16] 

3.2. Role of DNA methylation in gene silencing 

Both normal and malignant cells have various levels of 

regulation over DNA methylation. A family of enzymes 

known as DNA methyltransferases (DNMTs) adds methyl 

groups throughout this process. DNA methylation and 

transcriptional activity are also influenced by the chromatin 

structure surrounding gene promoters. The regulation of 

chromatin accessibility and transcription factor binding, 

which in turn impacts gene expression, is greatly influenced 

by parameters such as nucleosome location and histone 

acetylation [16]. 

DNA methyltransferase 

Enzymes called DNMTs make it quicker for methyl groups to 

be added to DNA's cytosine residues. The three main DNMTs 

found in mammalian cells are DNMT1, DNMT3a, and 

DNMT3b [17]. While DNMT3a and DNMT3b are involved 

in the establishment of new, or de novo, methylation patterns, 

DNMT1 is primarily in charge of preserving preexisting 

methylation patterns during mouse development. 

Interestingly, DNMT1 may collaborate with DNMT3b to 

maintain aberrant gene hypermethylation in cancer cells, 

suggesting that its function in these cells goes beyond simple 

methylation pattern maintenance. Therapeutic approaches that 

target DNA methylation in cancer may benefit from this 

cooperative interaction [18]. 

Chromatin structure 

Even while DNA methylation is essential for regulating gene 

activity, transcription cannot be repressed by DNA 

methylation on its own. The transcription or silencing of 

genes is also strongly influenced by the local chromatin 

structure [18]. By attracting histone deacetylases (HDACs) 

and other chromatin-binding proteins to promoter areas, 

where they maintain histone deacetylation, DNMTs contribute 

in the silence of genes. Unmethylated, transcriptionally active 

genes have a more open chromatin configuration, whereas 

methylated, quiet genes are linked to strongly compacted 

chromatin that hinders transcription [19]. Histone acetylation 

is essential for controlling chromatin shape and gene 

transcription. Nucleosomes have an impact on transcription 

and chromatin structure because they are made of DNA 

encircled by histone proteins.  

While hypermethylated CpG islands cause tighter nucleosome 

compaction that blocks transcriptional machinery, 

unmethylated CpG islands allow nucleosomes to be more 

accessible to transcriptional factors. Recent studies have 

demonstrated that methylation of some histone H3 residues, 

including lysine 9, is connected to transcriptional repression, 

whereas methylation of lysine 4 is connected to active 

transcription. Transcription factors and regulatory coactivators 

can bind to chromatin when histones are acetylated, keeping it 

open. On the other hand, HDACs preserve transcriptional 

silence by retaining histones deacetylated and blocking access 

to the transcriptional machinery, assisted by DNMTs and 

methyl cytosine-binding proteins [20]. 

Table 2.Selected genes hyper methylated in sporadic 

cancers 
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Fig 4.Impact of DNA Methylation and Chromatin Structure 

on Gene Transcription in Normal and Tumor Cells [20] 

 

3.2.3. Cancer-specific DNA methylation changes 

Three to five percent of cytosines are methylated in the 

majority of mammalian tissues. Global DNA hypo-

methylation causes a small to moderate reduction in the 

amount of methylated cytosines in tumor genomes, with an 

average loss of 5% to 20% of 5-methylcytosine bases. It has 

proven difficult to identify certain genes or biochemical 

pathways that are directly affected by the decrease in 

methylation because of how widespread this loss is [21]. 

 
Fig 5.Genome-scale consequences of DNA hypo methylation 

and DNA hyper methylation in cancer [21] 

3.3. Tumor-Driving DNA Hyper methylation Events 

In addition to the majority of primary and metastatic cancers, 

premalignant lesions like actinic keratosis in the skin or 

aberrant crypt foci in the colon are also shown to have 

genome-wide hyper methylation of CpG islands. When 

hypermethylation affects regulatory gene sequences, including 

enhancer or promoter regions, where it usually results in gene 

silencing, its involvement in driving tumor genesis becomes 

most apparent. On the other hand, hypermethylation in CpG-

rich areas of gene bodies can lead to one of two possible 

results. It can suppress one of a gene's many alternative 

promoters, changing the way a particular transcript is 

expressed, or it can be linked, more broadly, to higher levels 

of gene expression. When hypermethylation takes place in 

oncogenes, it may activate these genes, which in turn may 

promote carcinogenesis. On the other hand, hypermethylation 

of CpG islands in promoter regions is more frequently 

responsible for gene silence. If methylation-induced gene 

silence impacts genes linked to the "hallmarks of cancer," 

such as angiogenesis, cell adhesion, invasion and metastasis, 

DNA repair and genomic integrity, and anti-inflammatory 

responses, it is especially important. [22] 

 
Fig 6.Potential Tumor-Driving Effects of CpG Island Hyper 

methylation [23] 

3.1 Clinical applications of DNA methylation 

markers 

A methyl group is added to the fifth carbon of the cytosine 

residues in the CpG dinucleotide to cause DNA methylation, a 

significant epigenetic alteration. This mechanism is essential 

for controlling gene expression and preserving the integrity of 

the genome. A number of malignancies and other disorders 

Gene or gene 

product 

Function Tumor type 

Rb Cell-cycle 

regulation 

Retinoblastoma 

APC Wnt signal 

transduction 

Colorectal and 

other cancers 

p14/ARF Cell-cycle 

regulation 

Colorectal cancer 

p15/CDKN2B Cell-cycle 

regulation 

Leukemia 

p16/CDKN2A Cell-cycle 

regulation 

Various cancers 

BRCA1 DNA repair Breast, ovarian 

cancer 

VHL Tumor 

suppressora 

Renal cell 

cancers 

hMLH1 DNA mismatch 

repair 

Colorectal, 

gastric, 

endometrial 

cancers 

ER-α Estrogen 

receptor-α 

Breast, 

colorectal, other 

cancers 
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are characterized by aberrant DNA methylation patterns, 

which include hypo- and hypermethylation of oncogenes and 

tumor suppressor genes, respectively. As a result, DNA 

methylation markers have become attractive instruments for 

use in clinical settings, such as prognostication, therapeutic 

targeting, and disease detection. 

3.1.1 Diagnostic Applications 

The diagnosis of cancer benefits greatly from the use of DNA 

methylation indicators. Tumor suppressor genes' promoter 

regions may become hyper methylated, which may silence the 

gene and assist in the development of tumors. For example, it 

has been noted that certain cancer types, such as lung and 

colorectal cancer, have methylation of the promoter of the 

CDKN2A gene, which encodes the tumor suppressor protein 

p16 [24]. Such hyper methylation events can be found in body 

fluids like blood or urine, which provides a non-invasive way 

to find cancer early [25] .The diagnosis of colorectal cancer 

via the methylation analysis of the SEPT9 gene in plasma, is 

one of the most important clinical uses of DNA methylation 

indicators. The FDA has approved this test, called the Epi 

proColon® test, which demonstrates DNA methylation's 

potential as a biomarker for non-invasive cancer screening 

[26]. 

3.1.2 Prognostic Applications 

DNA methylation indicators may provide useful prognostic 

information in addition to diagnosis. Patient outcomes in a 

variety of malignancies have been linked to the methylation 

status of specific genes. For example, in patients with 

glioblastoma, hypermethylation of the MGMT (O6-

methylguanine-DNA methyltransferase) gene promoter is 

linked to improved responses to alkylating drugs because it 

inhibits the repair of alkylated DNA lesions, increasing the 

efficacy of chemotherapy [27]. Likewise, a poor prognosis in 

cases of sporadic breast cancer has been associated with the 

methylation of the BRCA1 gene, which is well-known for its 

involvement in hereditary breast and ovarian cancers. BRCA1 

promoter methylation is a crucial prognostic marker since it is 

associated with aggressive tumor behavior and poor survival 

outcomes [28]. 

3.1.3 Therapeutic Targeting 

DNA methylation is a desirable target for therapeutic 

intervention due to its reversible nature. Through 

demethylating the promoter regions of silenced tumor 

suppressor genes, medications referred to as DNA 

methyltransferase inhibitors (DNMT inhibitors) may 

reactivate such genes. Targeting DNA methylation in cancer 

therapy has potential, as evidenced by the approval of drugs 

like 5-azacytidine and decitabine for the treatment of certain 

leukemias and myelodysplastic syndromes [29]. 

4. Histone Modification in Cancer 
4.1 Overview of histone modifications (e.g. 

acetylation, methylation, phosphorylation) 

Proteins known as "writers" and "erasers" are responsible for 

catalyzing histone modifications, which are covalent post-

translational changes to histone tails, including H2A, H2B, 

H3, and H4. At the moment, a number of well-studied histone 

modifications—including those linked to active transcription, 

such as H3K4me3 and H3K36me3, and repressed genes, such 

as H3K27me3, H3K9me2/3, and H4K20me3—are implicated 

in the development of cancer [30]. The most common changes 

found in histone tails are phosphorylation, acetylation, and 

histone methylation. Numerous additional modifications, 

including ubiquitination, acetylation, propionylation, 

crotonylation, and formylation, have also been identified [31]. 

4.1.1 Histone methylation 

In histone methylation, methyl groups are transferred from S-

adenosyl methionine (SAM) to the arginine (R) and lysine (K) 

residues of the H3 or H4 tails, respectively, using lysine 

methyltransferases (KMTs) or arginine methyltransferases 

(PRMTs). Histone lysine residues' methyl groups are 

eliminated by lysine demethylases (KDMs) [32]. Histone-

binding proteins are primarily recruited or their recruitment is 

inhibited when histone methylation takes place. For instance, 

H3K4me3 attracts activating proteins to gene promoters, such 

as transcription factors (TFs), while H3K4 inhibits the 

recruitment of repressors, such as the nucleosome remodeling 

and deacetylases (NuRD) complex [33]. Gene suppression is 

the result of H3K9me2/3's particular binding to chromo 

domain proteins, such as the heterochromatin protein 1 (HP1) 

family, which forms the higher-order architecture of 

heterochromatin [34]. Cancer cells typically have mutations in 

their histone genes and histone modifier enzymes, which alter 

the chromatin methylation patterns and cause tumor growth 

and metastasis. Mutations in several enzymes involved in 

histone methylation have been found, according to analysis of 

The Cancer Genome Atlas (TCGA) databases [35]. One of the 

well-known disordered histone modifications that causes 

aberrant gene expression and genome stability in cancer is 

loss or gain of function of H3K27me3. This is typically 

brought on by mutations in the gene encoding the histone 

methyltransferase enhancer of zeste homologue 2 (EZH2). 

Furthermore, mutant histones with characteristics that 

promote tumor growth, such as H3K27M/I, can also affect the 

enzymatic activity of EZH2 [36]. Even with the progress 

made, a deeper comprehension of the aberrant histone 

methylation patterns in cancers is still required to clarify the 

molecular processes underlying tumorigenicity and create 

innovative targeted therapies or combination treatments. 

4.1.2 Histone acetylation 

Histone acetylation and deacetylation are processes that 

involve adding or removing acetyl groups from the lysine 

residues of tails that protrude from the histone core of the 

nucleosome. These processes are linked to a number of 

important cellular processes, including RNA transcription, 

DNA replication, and DNA damage repair [37]. Enzymes 

having histone acetyl transferase (HAT) or histone 

deacetylase (HDAC) activity usually catalyze these processes 

[38]. One of the fastest post-translational modifications 

(PTMs) in terms of dynamics is histone acetylation, which is 

quicker than methylation but slower than phosphorylation 

[39]. Changes in histone acetylation have been linked to the 

development of cancer, according to numerous studies. 

Through their alteration of histone acetylation and regulation 
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of the expression of oncogenes such p300 and CBP, HDAC 

overexpression and increased activity have been identified as 

drivers of tumor formation and metastasis [40]. But it has also 

been demonstrated that p300 and CBP function as tumor 

suppressors in a number of solid tumors as well as 

hematological malignancies [41]. These results imply that 

more research is needed to understand the functions of p300 

and CBP, two other HATs, in cancer. Furthermore, HDAC1, a 

part of the NuRD complex, has the ability to catalyze the 

deacetylation of H3K27 at the promoter of the STAT1 gene, 

resulting in an immunosuppressive milieu that facilitates the 

growth of glioma stem-like cells (GSCs) [42]. The US FDA 

has currently approved four HDAC inhibitors for the 

treatment of cancer: panobinostat for multiple myeloma, 

istodax and beleodap for T cell lymphoma, and vorinostat for 

that condition [43]. Given that histone acetylation is 

reversible, new techniques or combination strategies must be 

created in order to return the histone acetylation status of 

cancer cells to normal. 

4.1.3 Histone phosphorylation 

Phosphorylation of histones another modification of histones, 

phosphorylation, alters the structure of the chromatin by 

introducing a negative charge mostly to the tyrosine (Y), 

serine (S), and threonine (T) of histone tails. This enables the 

interaction with transcription factors to control the expression 

of genes linked to cell cycle and proliferation [44]. Aberrant 

histone phosphorylation has the same potential to influence 

tumor development and metastasis as histone methylation and 

acetylation. One well-known alteration that is assumed to be a 

cancer biomarker is H3S10P, which is regulated by several 

kinases and is connected with positive regulation of 

transcription. By increasing H4S1 phosphorylation and 

suppressing slug expression, deletion of N-𝛼-acetyltransferase 

D (NatD) suppresses the epithelial mesenchyme transition 

(EMT) in lung cancer [45]. In mouse embryonic stem cells 

(mESCs), phosphorylation of H3.3 at serine 31 can increase 

p300 activity and histone acetylation [46]. This provides new 

insights into the development of cancer drugs by indicating 

that histone phosphorylation is involved in several crosstalk 

processes with other histone changes. 

4.2 Cancer-specific histone modification changes 

Proteins known as "writers" and "erasers" are responsible for 

catalyzing histone modifications, which are covalent post-

translational changes to histone tails, including H2A, H2B, 

H3, and H4. At the moment, a number of well-studied histone 

modifications—including those linked to active transcription, 

such as H3K4me3 and H3K36me3, and repressed genes, such 

as H3K27me3, H3K9me2/3, and H4K20me3—are implicated 

in the development of cancer [47]. Although an extensive 

range of histone modifications has been described, little is 

known about their functional significance. The most common 

changes seen in histone tails are methylation, acetylation, and 

phosphorylation; numerous additional modifications, 

including ubiquitination, lactylation, propionylation, 

crotonylation, and formylation, have also been identified [48]. 

On the tails of the four core histones, H2A, H2B, H3, and H4, 

several changes may take place. Additionally, additional 

changes can also be applied to variations of H2A and H3, 

including methylation or phosphorylation on CENP-A, 

phosphorylation or biotinylation on H3.3, and acetylation or 

phosphorylation on H2A.X. The most frequent modifications 

to histones are methylation and acetylation, which often 

happen on the same lysine sites of the four histones 

(H2AK5/13,H2BK5/46/108,H3K4/9/14/23/27/36/56/64/79/12

2, and H4K5/8/12/20/31/79). Furthermore, it has been 

observed that a number of amino acid sites on histone tails, 

such as H2AK13me/ac/ar/bio, H3K9me/ac/cr, 

H3K14me/ac/pr/bu, H3K18me/ac/la/cr, H4K5me/ac/pr/bu/la, 

H4K8me/ac/pr/bio/cr, and H4K12me/ac/pr/bu/bio, are 

frequently modified with more than two distinct 

modifications. These sites are involved in the regulation of 

genes and the determination of cell fate. 

 

Fig 7.Histone modifications [48] 

4.3 Clinical applications of histone modification 

markers  

4.3.1 Cancer Diagnosis: 

 Histone Methylation Patterns: Early cancer 

identification can be aided by the use of aberrant 

methylation patterns, such as decreased H3K27me3 

or elevated H3K4me3, to differentiate between 

malignant and normal tissues [49]. For instance, low 

H3K27me3 levels are linked to a poor prognosis for 

malignancies such as prostate and breast cancer. 

4.3.2 Prognostic Biomarkers: 

 Histone Acetylation: Aberrant methylation 

patterns, such as reduced H3K27me3 or enhanced 

H3K4me3, can be used to distinguish between 

malignant and normal tissues, which can help in the 

early detection of cancer [49]. For example, low 

H3K27me3 levels are associated with a poor 

prognosis for cancers including breast and prostate 

cancer. 

 Histone Phosphorylation: Phosphorylation of 

H3S10 is linked to cell division. High proliferative 

tumors frequently have elevated levels of this 

marker, which can be utilized for predicting tumor 

aggressiveness and patient survival rates. 
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4.3.3 Therapeutic Targets: 

 Histone Deacetylase Inhibitors (HDACi): Tumor 

suppressor genes can be reactivated by medications 

that target HDACs and return acetylation levels to 

normal. FDA-approved for the treatment of specific 

lymphomas, HDAC inhibitors such as vorinostat 

and romidepsin are also being studied for additional 

cancers [51]. 

 Methyltransferase Inhibitors: Histone 

methyltransferases that catalyze H3K27 

methylation, including EZH2, can be targeted to fix 

aberrant gene silence in malignancies. Clinical trials 

using EZH2 inhibitors are presently being 

conducted to treat malignancies such as B-cell 

lymphomas. 

4.3.4 Predictive Biomarkers for Treatment Response: 

 Histone Ubiquitination: The extent to which a 

patient will respond to chemotherapy can be 

predicted based on their level of histone 

ubiquitination, specifically H2Bub1. For example, 

loss of H2Bub1 influences the choice of alternative 

treatments because it is linked to resistance to 

specific chemotherapeutic drugs. 

4.3.5 Monitoring Treatment Efficacy: 

 Epigenetic Biomarker Panels: Histone 

modification marker panels provide a non-invasive 

way to assess patient reactions to medication and 

modify therapies when required [53]. They can also 

be used to monitor illness progression and treatment 

efficacy. 

5. Non-Coding RNAs in Cancer 

Epigenetics 
Francis Crick first put out the basic dogma of biology, which 

held that RNA molecules were just messengers between 

proteins and DNA [54]. Less than 2% of the human genome is 

known to encode proteins, with the remaining DNA 

traditionally thought to be "junk" DNA [55]. New studies 

have demonstrated a substantial correlation between 

biological and evolutionary complexity and the non-coding 

sections of the genome; big introns are more active in the 

nervous system and less active in cancer, indicating a 

regulatory function in tissue-specific gene expression [56]. A 

large portion of the genome is known to be actively 

transcribed under certain circumstances [57], containing 

genetic material that can either code for proteins or produce 

regulatory RNA transcripts that affect other genes [58]. 

Moreover, a single DNA sequence can have two purposes 

[59], controlling one transcript while encoding another 

protein. Non-coding RNAs, including as sncRNAs and 

lncRNAs, are essential to these activities [60], despite the fact 

that their length does not correspond to their location or 

function [61]. 

5.1 Overview of non-coding RNAs (e.g. miRNAs, 

lncRNAs) 

Oncogenesis is assisted by alterations in both the genome and 

the epigenome. The second ones direct the transcriptional 

control of the former, whereas the former are linked to the 

activation of oncogenes and the inactivation of tumor 

suppressor genes. Accordingly, it is impossible to properly 

explain the processes leading to tumor development without 

acknowledging the prevalence of Bepimutations, which 

include abnormal histone modifications and DNA hyper- and 

hypo-methylation events throughout the whole genome [62]. 

CpG hypo methylation is linked to a particular chromatin 

conformation that permits transcription factors to access 

genetic material. In leukemia, they encourage the production 

of oncogenes such BCL2 [63]. As an alternative, CpG 

hypermethylation causes significant tumor suppressor genes, 

like BRCA1, to be down regulated in breast cancer [64]. The 

understanding that ncRNAs and epigenetics are essential to 

understanding the complete tumor genesis process challenges 

the historical understanding of cancer, which was centered on 

genetics and protein-coding genes.  

In this case, ncRNAs have the ability to shape the epigenetic 

landscape of a normal or malignant cell and can be 

transcriptionally regulated by epigenetics. Numerous 

investigations shown that oncogenic and tumor suppressor 

non-coding RNAs are epigenetically dysregulated in cancer 

[65]. A typical characteristic of cancer cells is genome-wide 

hypo methylation of DNA, which also affects the genomic 

loci of non-coding RNAs [66]. Most frequently, research has 

examined the possibility of a local CGI hypermethylation-

mediated transcriptional suppression. A cancer cell's 

complexity is now being revealed by the identification and 

examination of epigenetic pathways that are changed 

throughout tumor growth and metastasis. These pathways may 

also serve as indicators for diagnosis, prognosis, and targets 

for more effective treatments. 

ncRNA Expression  Epigenetic marks Cancer type 

miRNAs 

let-7a-3 

Down 

regulation 

Super-enhancer 

hyper methylation 

Lung, breast 

[67] 

miR-1 Down 

regulation 

CGI hyper 

methylation 

⇩H3K4me3 

HCC [68] 

miR-

106b 

Up 

regulation 

Promoter hypo 

methylation 

Colorectal 

[69] 

miR-

1224 

Down 

regulation 

CGI/CpG shores 

hyper methylation 

H3K9me3 

Colorectal 

[70] 

miR-

124a 

Down 

regulation 

CGI hyper 

methylation 

HCC [71] 

miR-132 Down 

regulation 

CGI hyper 

methylation⇧H3K

27me3 

Bladder [72] 

miR-

133a-2 

Down 

regulation 

CGI hyper 

methylation 

Colorectal, 

among 

others [73] 

miR-145 Down 

regulation 

CGI hyper 

methylation 

HCC [74] 
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miR-

148a 

Down 

regulation 

CGI hyper 

methylation 

Cervical 

[75] 

miR-191 Up 

regulation 

CGI hyper 

methylation 

Breast [76] 

miR-195 Down 

regulation 

CGI hyper 

methylation 

Pancreatic 

[78] 

miR-200 

loci 

Down 

regulation 

CGI hyper 

methylation 

Uveal 

melanoma 

[79] 

miR-203 Down 

regulation 

CGI hyper 

methylation 

HCC [80] 

miR-212 Down 

regulation 

CGI hyper 

methylation 

Ovarian 

[81] 

miR-23a Up 

regulation 

H3K27me3 HCC [82] 

miR-25 Up  

regulation 

CGI hypo 

methylation 

HCC [83] 

miR-27a Up 

regulation 

Promoter hypo 

methylation 

HCC [84] 

miR-

34b/c 

Down 

regulation 

CGI hypo 

methylation 

HCC [85] 

miR-375 Down 

regulation 

CGI hypo 

methylation 

Colorectal 

[86] 

miR-378 Down 

regulation 

↓H3K4me3 HCC [87] 

5.2. Role of non-coding RNAs in gene regulation 

MiRNAs, or tiny non-coding RNAs, are around 22 

nucleotides long and, by binding to the 3′ untranslated region 

(3′UTR) of target mRNAs, play a critical role in 

posttranscriptional gene silencing [88]. The degree to which 

they complementarity with the target determines whether they 

can cause mRNA degradation or restrict translation. Since 

perfect complementarity causes siRNAs, another type of short 

RNAs, to arise from lengthy double-stranded RNA precursors 

and frequently cause mRNA destruction, miRNAs usually 

cause translational repression. Small nucleolar RNAs 

(snoRNAs) and PIWI-interacting RNAs (piRNAs) also 

support posttranscriptional modifications and genome 

integrity, respectively. Circular RNAs (circRNAs) and long 

non-coding RNAs (lncRNAs) both regulate transcription and 

translation; because of their stability and patterns of 

expression, circRNAs have the potential to be biomarkers. 

Non-coding RNAs (ncRNAs) have important roles in 

chromatin remodeling and epigenetic control. For instance, 

chromatin regulatory complexes can be directed by nuclear 

long noncoding RNAs to particular genomic loci, so affecting 

the silencing or activation of transcription. Across vast 

genomic areas, transcriptional repression is mediated by the 

well-known lncRNA HOTAIR in conjunction with chromatin 

modifiers [89]. Another lncRNA, Xist, is controlled by other 

lncRNAs and epigenetic processes and is essential for X-

chromosome inactivation in females [93]. These many kinds 

of non-coding RNAs play a crucial role in both healthy and 

pathological conditions in gene expression and cellular 

function. 

 
Fig 8.Epigenetic regulation of ncRNAs in cancer [90] 

5.3. Cancer-specific non-coding RNA changes 

Only around 3% of the human genome gets transcribed into 

mRNAs, which code for proteins. Approximately 75% of the 

human genome is transcribed into RNA. Non-coding RNAs 

(ncRNAs) are classified according to their length, shape, and 

location. There are numerous major forms of ncRNAs, each 

having a specific function in cancer, including microRNA 

(miRNA), long ncRNA (lncRNA), circular RNA (circRNA), 

and PIWI-interacting RNA (piRNA). miRNAs are short 

RNAs, around 22 nucleotides in length, that attach to target 

mRNAs' complementary sequences to cause RNA-induced 

silencing complex (RISC)-mediated degradation of the target 

mRNAs. piRNAs are mostly present in germline cells, where 

they bind to PIWI proteins and take role in chromatin 

epigenetic regulation. They are typically 24–30 nucleotides 

long, and they were initially discovered in Drosophila [91]. 

Both circRNAs and lncRNAs are longer than 200 nucleotides; 

circRNAs create structures resembling rings, whereas 

lncRNAs are linear. Exons, introns, intergenic regions, or 5′/3′ 

untranslated regions can all be used for the transcription of 

either type, which then folds into intricate secondary 

structures that allow for interactions with proteins, RNA, and 

DNA. Through a variety of strategies, including functioning 

as miRNA decoys to stop mRNA degradation, modifying 

transcription factor binding to promoters, and acting as 

scaffolds for downstream signaling cascades and protein-

protein interactions, these ncRNAs control the expression of 

genes [92]. Additionally, recent research indicates that 

circRNAs and lncRNAs may play a role in the epigenetic 

modification of chromatin, which in turn affects gene 

expression. 
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Fig 9.The biogenesis and effector machineries of miRNAs 

[93] 

 

Fig 10.The biogenesis and effector machineries of lncRNAs 

[94] 

 
The biogenesis and effector machineries of circRNAs [95] 

5.4. Clinical applications of non-coding RNA 

markers 

Long non-coding RNAs (lncRNAs), circular RNAs 

(circRNAs), and microRNAs (miRNAs) are examples of non-

coding RNAs (ncRNAs) that play important roles in gene 

regulation and are becoming more and more understood to be 

potential clinical biomarkers and therapeutic targets. They are 

perfect candidates for non-invasive diagnostic techniques 

because of their stability in bodily fluids and specificity in 

disease conditions. 

 MicroRNAs as Diagnostic and Prognostic 

Biomarkers 

Recent research has brought attention to the 

function of miRNAs as biomarkers in a variety of 

malignancies. For example, miR-21 has been found 

to be a possible biomarker for both prognosis and 

diagnosis in a number of cancers, such as colorectal, 

lung, and breast cancer. Dysregulation of miR-21 is 

associated with a poor prognosis and treatment 

resistance. [96] 

 Long Non-Coding RNAs in Cancer Therapy 

 It has been demonstrated that lncRNAs like 

MALAT1 and HOTAIR have a role in the 

development and spread of cancer. The epithelial-

mesenchymal transition (EMT) pathway has been 

linked to MALAT1, in particular, and preclinical 

models have demonstrated the potential of targeting 

MALAT1 with certain inhibitors to reduce tumor 

metastasis [97]. 

 Circular RNAs as Novel Biomarkers 

 CircRNAs are great candidates for biomarkers 

because of their covalently closed loop designs, 

which show remarkable stability in bodily fluids. 

CircRNA ciRS-7 was found to be a promising 

biomarker for hepatocellular carcinoma early 

detection in a study by [98], showcasing its 

excellent sensitivity and specificity in 

differentiating between cancer patients and healthy 

individuals. 

Conclusion 
In conclusion, epigenetic modifications are essential to the 

onset and spread of cancer because they affect vital functions 

like apoptosis, cell cycle regulation, and gene expression. 

Gaining knowledge about the processes underlying DNA 

methylation, histone modification, chromatin remodeling, and 

non-coding RNA participation will help to better understand 

the intricate interactions between epigenetics and cancer. 

More efficient and individualized cancer treatments are 

possible thanks to the potential of epigenetic biomarkers in 

cancer diagnosis and prognosis as well as the development of 

epigenetic therapeutics. Research is opening up new 

possibilities for enhancing cancer outcomes and expanding 

our understanding of cancer biology as it continues to 

combine epigenetic data with genomic and transcriptome 

information. 
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