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Abstract 

Oral squamous cell carcinoma (OSCC) is the most prevalent type of malignant epithelial neoplasm that 
affects the oral cavity. It has been a significant health concern in many countries for a long time since it was 
usually treated with surgery, radiation, and/or chemotherapy. Drug resistance is the primary issue in 
patient populations and scientific research, which promotes OSCC tumour cell invasion and migration. 
Thus, identifying highly specific therapeutic targets could be the potential approach for more successful 
treatment of OSCC. It is still challenging to understand the genetic causes of oral carcinogenesis due to 
its highly varied clinic-pathological parameters. It is important to remember that signaling channels and 
complexes that affect chromatin accessibility control gene expression, which in turn affects cell 
development and differentiation. Histones undergo post-translational alteration to give this platform. 
Understanding the processes of gene regulation through histone methylation and its modifications could 
enhance the early detection, prognostic prediction, and therapy of OSCC. To be properly used as a 
therapeutic target, histone methylation in OSCC requires more investigation. This review details the 
dysregulated histone methylation and the modifying enzymes linked to the development and aetiology of 
OSCC. Furthermore, the part that lysine methylation plays in cell migration, chemo-resistance, and 
OSCC invasion is also investigated. 
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Introduction 
Oral cancer encompasses a broad range of 

malignancies that can develop in the salivary glands, 
pharyngeal regions, and oral cavity. However, the 
term is sometimes used interchangeably with OSCC, 
the maximally prevalent subtype of all oral 
neoplasms. OSCC affects the epithelial lining of 
various areas such as the paranasal sinus, pharynx, 
larynx, nasal cavity, and oral cavity. Research findings 
consistently indicate that 90% of all oral neoplasms 

are OSCC [1]. India bears a significant burden of oral 
cavity cancer, surpassing the rates observed in many 
Western countries. In India, almost 70% of patients 
were diagnosed at locally advanced stages of cancer 
(AJCC Stage III-IV), which drastically lowers the 
chance of recovery. The grim reality is reflected in the 
five-year survival rates, which typically hover around 
a mere 20% for these patients. Compounding the 
challenge, individuals diagnosed with OSCC in India 
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often grapple with poor overall health, inadequate 
nutritional status, and other underlying health 
conditions, making curative treatments exceptionally 
challenging. 

The high incidence of oral squamous cell 
carcinoma (OSCC) in India presents a serious public 
health concern. Oral cancer accounts for nearly 
one-third of all worldwide cases, with the case and 
death rates rising dramatically in India from 1990 to 
2021. The study has strong state and gender 
disparities in this regard and forecasts to continue 
growing by 2031. Targeted preventive, early 
detection, and mitigation strategies are critical steps 
toward curbing this trend [2]. The most commonly 
afflicted areas in both genders are the buccal mucosa 
and gingivobuccal sulcus, highlighting the disease's 
major effects on the oral cavity [3]. 

The prognosis of OSCC is influenced by a 
complex interplay of factors, including genetics, diet, 
and environmental elements [4]. Genetic alterations, 
such as gene amplification, deletion, and mutation, 
can activate oncogenes or suppress tumor suppressor 
genes, leading to the development of oral 
premalignancy and OSCC. Lifestyle factors like a 
sedentary lifestyle, smoking, radiation exposure, and 
exposure to infectious agents further increase the risk 
of oral and oropharyngeal cancer by affecting key 
pathways like Akt, NFkB, and Wnt. These alterations 
in genes associated with tumorigenesis, such as tumor 
suppressor genes (p16, TP53, and pRb) and 
proto-oncogenes (EGFR, Ras, and myc), significantly 
impact the origin and progression of OSCC 
malignancies [4,5]. Global Burden of Diseases, 
Injuries, and Risk Factors Study 2019 estimates that 
OSCC accounts for about 377,000 new cases and 
approximately 177,000 deaths globally each year, 
making it a major public health concern. Risk factors 
include alcohol intake, tobacco usage, and chewing 
betel quid contribute to the occurrence, which is 
highest in South and Southeast Asia. The prevalence 
of OSCC is higher in low-income nations, which 
emphasizes the need for focused public health 
campaigns, efficient screening programs, and 
treatment accessibility. To improve health outcomes 
and provide priority to research in this field, it is 
imperative to address the worldwide burden of OSCC 
[6,7]. 

Epigenetics, a term referring to genetic 
abnormalities not caused by variations in the DNA 
sequence is a crucial part in the progress and spread 
of cancer through the regulation of gene expression. 
Several studies reported the factors affecting DNA 
methylation, histone alterations, microRNA 
expression, and nucleosome orientation in cancer 
their role in the genesis and development of the 

disease [8]. Epigenetic modifications control gene 
expression through fundamental processes such as 
methylation, acetylation, phosphorylation, and 
ubiquitylation of histone proteins, as well as DNA 
methylation. Epigenetic enzymes recognize these 
modifications, altering the structural conformation of 
chromatin. This can either compact the chromatin to 
restrict transcription factor binding or open it to allow 
binding, thereby influencing gene transcription. These 
processes ultimately regulate the expression of genes 
involved in cellular functions [9-11]. 

Recent research has brought attention to newly 
discovered epigenetic targets, such as unique histone 
modifications and the part played by long non-coding 
RNAs (lncRNAs) in the development of OSCC. The 
intricacy of chromatin remodeling in OSCC has 
become more apparent with the development of our 
knowledge of histone methylation, particularly the 
interaction between methylation and acetylation 
marks. Furthermore, a new perspective on how 
epigenetic modifications promote tumor initiation 
and metastasis has been provided by the discovery of 
novel non-coding RNAs and their impact on 
chromatin state and gene expression [12]. 
Furthermore, the ability to precisely modify particular 
histone marks has been made possible by recent 
advancements in CRISPR-based epigenome editing 
technologies, which presents the possibility of 
personalized therapeutic approaches for OSCC. With 
the aid of these technologies, researchers may alter the 
histone marks at certain loci, shedding light on the 
ways in which histone methylation controls the 
expression of important genes involved in the 
development and spread of cancer and creating new 
avenues for the development of tailored epigenetic 
treatments for OSCC [13] 

Lysine-specific methyltransferase 2D (KMT2D) 
was reported to be frequently altered in OSCC. 
KMT2D knockdown in patient-derived cells reduced 
CD133 and β-catenin expression in OSCC, affecting 
cells to form colonies, exhibit motility and 
invasiveness in animal and cell line models, and thus, 
slowing the cancer growth. This has opened new 
avenues in cancer treatment, where epigenetic 
medications are being explored in combination with 
endocrine therapy, cytotoxic chemotherapy, targeted 
medicines, radiation, and immunotherapy. Among 
these, DNA methyltransferase (DNMT) inhibitors and 
histone methylation inhibitors showed significant 
promise in treating cancer. Advances in targetable 
epigenome-editing techniques enable the direct 
attribution of transcriptional and functional 
consequences to locus-specific chromatin changes, 
offering valuable insights into the biology of oral 
cancer and paving the way for novel therapeutic 
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approaches in precision medicine [14]. These 
advances in targetable epigenome-editing techniques 
enable direct attribution of transcriptional and 
functional consequences to locus-specific chromatin 
modifications. The significance of histone methylation 
in the biology of oral cancer is summarized in this 
review as a new therapeutic mark in precision 
medicine. 

Overview of histone modifications  
 Gene expression regulation requires perfect 

coordination between several proteins and DNA. The 
eukaryotic nucleosome (the fundamental building 
block of chromatin) is surrounded by a 147-base-pair 
stretch of DNA that has two copies of each core 
histone, including H2A, H2B, H3, and H4. The 
characteristic side chain, or tail, of each of the mostly 
globular histone proteins is tightly packed with basic 
lysine and arginine residues. The connections among 
the bulk of the four-core histone protein helix 
C-terminal domains result in the octameric 
column-like structure that surrounds the DNA [15]. 
The majority of the structurally unknown but 
evolutionarily conserved "tail" domains make up the 
remaining core histone. Enzymes that carry out 
crucial post-translational modifications (PTMs) for 
epigenetic control have easy access to these tail 
domains. This adaptable histone tails, in particular, 
are hotspots for unique histone modifications because 
they are abundant in hydroxyl containing 
Ser/Thr/Tyr and basic Lys/Arg amino acids groups. 
Covalent PTMs can quickly change the tails that stick 
out from the nucleosome's surface. PTMs also 
influence a number of biological processes by 
activating or inactivating genes and alter the chemical 
composition of histones by adding or deleting 
chemical groups [16]. Histone modifications are 
essential epigenetic regulatory elements with a 
significant impact on numerous cellular processes. 
For instance, these histone modifications influence 
chromatin construction and aid as binding sites for a 
variety of transcription factors, including 
DNA/histone-modifying enzymes, chromatin 
remodels, histone chaperones, and general 
transcription factors. Numerous cellular progressions, 
including heterochromatin compaction, cell cycle, 
DNA replication and repair, gene expression, and 
many others, depend on these histone modifications 
[17-20]. 

The majority of post-translational modifications 
to histones occur in one of two ways: covalently or 
non-covalently. Acetylation of lysine residues is the 
most common type of covalent histone modification. 
Other covalent modifications include methylation of 
arginine and lysine residues, sumoylation, 

ubiquitination of lysine residue at the histone tail, 
phosphorylation of serine and threonine residues, and 
ADP ribosylation. Histone variations and nucleosome 
remodelling are examples of non-covalent histone 
modifications [21-23]. The most frequent epigenetic 
alteration, which can either help or impede gene 
function contingent on the conditions. H2A, H2B, H3, 
and H4 are only a few examples of the extended-tail 
histone proteins that are the targets of methylation in 
nucleosome modification. In H3 and H4 areas, 
transcriptional stimulation or inhibition of 
downstream genes is frequently associated with 
histone methylation. H3K4, H3R8, H3R17, H3K26, 
H3K36, H3K79, H4K12, and H4R3 methylation can 
initiate gene transcription, but methylation of 
particular histones (H4K5, H4K20, H3K9, H3K27, and 
H3K56) controls gene transcription, exposing the 
intricacy of epigenetic aspect of histone (Figure.1) 
[24-26]. Furthermore, this process is a reversible 
methylation that modifies normal cell metabolism in a 
healthy physiological system using particular type of 
enzyme [27]. Histone methyltransferases are enzymes 
that promote the monomethylation, dimethylation, or 
trimethylation of histones, while histone 
demethylases are responsible for the demethylation of 
histones [24]. While histone demethylases, such as 
lysine-specific demethylase 1 (LSD1), are in charge of 
controlling histone demethylation, histone lysine 
methyltransferases (KMTs) are in charge of adding 
the methyl group from S-adenosylmethionine to the 
N-terminal tails of the lysine residues found on 
histones [28]. Histidine (His or H), arginine (Arg or R), 
and lysine (Lys or K) are the most common histone 
methyl acceptors (His or H) [29,30]. In addition, the 
neighbouring amino-acid sequence and methylation 
status affect how methyl-histone recognition proteins 
identify particular methyl-lysine’s. These modular 
protein domains are involved in chromatin-regulatory 
functions that are able to identify particular changed 
histone species and translate them into different 
downstream biological effects. 

Multiple malignancies and developmental 
abnormalities are linked to dysregulation of any of 
this histone methylation [31]. For instance, in a rat 
tumour model the activity of mixed-lineage 
leukaemia 1 (Mll1) and genome-wide elevated H3K4 
trimethylation at promoters are both increased in the 
tumor-propagating cells. High Wnt/b-catenin and 
Mll1 were linked to high H3K4me3 at promoters in 
mouse tumors, confirming the role of H3K4 
methyltransferase activity in the transcriptional 
response to Wnt/β-catenin signals in the transcription 
of salivary gland of squamous cell carcinoma in mice 
[32]. The pathophysiology of malignancies may be 
influenced by altering the balance of these histone 
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modifications of gene expression [33,34]. This element 
of epigenetics regulates gene expression in a 
coordinated and interdependent manner. These 
epigenetic mechanisms currently dominate 
transcriptional regulation and associated 
dysregulation in cancer, despite initially receiving less 
research attention. The transgenerational 
implications, however, are mainly unknown. A 
critical regulatory framework for actions including 
gene expression, DNA replication and repair, 
chromosomal condensation and segregation, and 
apoptosis is provided in malignancies by the 
post-translational modification of histones. According 
to Audia and Campbell [17], this dysregulation can 
lead to the incorrect activation of oncogenes or, in the 
opposite situation, the inappropriate inactivation of 
tumour suppressors. In addition, the genetic 
underpinnings of the epigenetic changes seen in 
cancer are becoming more and more understood and 
recognized. Particularly, because of its importance in 
both the pathological and physiological states of 
OSCC, histone methylation has drawn more and more 
attention. New targets for the earlier detection and 
treatment of OSCC can be found in the abnormal 
histone methylation regulation. 

Histone methylation in OSCC 
progression  

Tumor cells primarily exhibit anomalies in 
cellular identity, dysregulation of gene expression, 

and responses to internal and external cues [35,36]. As 
a matter of fact, these epigenetic systems are tightly 
regulated and controled adult life as well as 
embryonic development, and their dysregulation has 
linked to a variety of cancer [18]. Large-scale cancer 
genome sequencing projects have revealed that 
chromatin protein mutations are present in nearly half 
of all human malignancies [37]. Additionally, this 
histone methylation is also having an impact on the 
functional traits that normal cells acquire during the 
process of tumour formation, which are the catalysts 
for carcinogenesis. The traits of cancer are among 
these alterations, along with ways to strengthen the 
proliferative signal, thwart growth inhibitors, permit 
replicative immortality, avoid cell death, and 
stimulate angiogenesis. They can also lead to invasion 
and metastasis, cause genome instability and 
mutation, induce inflammation that promotes tumor 
growth, reprogramme energy metabolism, and 
prevent immune destruction [38]. Epigenetic changes 
are necessary for reorganisation of chromatin from a 
condensed form to a transcriptionally active one. This 
enables genomic DNA to interact with the 
transcription-controlling proteins, which in turn 
regulates gene expression. Histone tail modifications 
thus directly affect chromatin condensation, which 
can occur in a heterochromatin or euchromatin 
configuration. Moreover, the H3K4 histone 
methylation pattern is linked to OSCC malignancy. 

 

 
Figure 1. Overview of histone methylation. Histone methylation happens more frequently in flexible histone tails due to the presence of basic amino acids. H2A, H2B, H3, 
and H4 are among the extended-tail histone proteins that are methylated during nucleosome modification. Histone methylation typically affects the transcriptional activation or 
inhibition of downstream genes in H3 and H4 regions, mostly via the writer, eraser, and/or reader. 
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In contrast to normal tissues, OSCC has a higher 
prevalence of transcriptionally inactive H3K4me2 
histones while the opposite was true of H3K4me3 
activating alterations [39]. This epigenetic 
reprogramming is facilitated by a number of 
chromatin-modifying enzymes and is implicated in 
numerous stages of the evolution of cancer. One of the 
most often altered genes in OSCC is the histone lysine 
methyltransferase KMT2D. By maintaining the 
myocyte-specific enhancer factor 2A 
(MEF2A)-mediated transcriptional activity of Catenin 
Beta 1 (CTNNB1), KMT2D overexpression supports 
stem-like characteristics and Wnt/-catenin signalling 
in OSCC cells [14]. Lysine demethylases 5C (KDM5C) 
and KDM6A were identified as cancer driver genes 
that support histone demethylation and hypoxia 
reprogramming in cancer metabolism [40-42]. This 
was supported by epigenomic therapy using low 
doses of methylation and acetylation inhibitors like 
HMTis (3-deazaneplanocin A: DZNep), HMTis 
(5-Azadeoxycytidine: 5-Aza-dC), and HDACis 
(trichostatin A: TSA) on human OSCC cells, which 
showed similar effects on OSCC by histone 
methylation compared to acetylation inhibitors. The 
significant effects of histone methylation on OSCC, 
opening the door to further investigation to study the 
potential use of histone methylation as an epigenetic 
therapy target and treatment aspect for OSCC [43,44]. 
In addition, phosphorylation, acetylation, 
ubiquitination, methylation, sumoylation, and 
ADP-ribosylation as well as other post-translational 
modifications to histone at the amino-terminal ends 
can all have a substantial effect on oral cancer. It's 
crucial to realize the elements involved in histone 
methylation, such as histone methyltransferase-HMTs 
(writer), histone methylation detecting proteins 
(readers), and histone methylation-regulatory 

proteins (erasers), before contemplating the 
therapeutic features of histone methylation (histone 
demethylases-HDMs) [45,46]. These components will 
be thoroughly examined to show how the epigenetic 
phenomena may offer hope for cancer therapies. As a 
result, all of these components are examined in terms 
of OSCC in this review. 

Regulators of histone methylation in 
OSCC 

Histone methylations are present in several 
positions on the tail and globular domains of histones, 
and their stages are carefully regulated by 
methyltransferases, demethylases, and a variety of 
effector proteins. Writers and erasers are terms for 
enzymes that modify histones by adding or removing 
chemical groups. Reader proteins are able to 
recognise the altered histones. Depending on many 
factors, these histone modifiers can either promote or 
inhibit gene expression (Table 1) [47-54]. Changes in 
the global levels of histone alterations in oral 
malignancies are related to a poor prognosis. 
Numerous studies have linked these 
methyltransferases, demethylases, and 
methyl-lysine-binding proteins to the development of 
OSCC (Figure 2) [54,55]. As the tumour grows, 
abnormal cell production, invasion, and metastasis as 
well as chemoresistance might emerge from these 
changes in response to both internal and external 
stimuli. A variety of chromatin-modifying proteins 
that control the methylation of histones at specific 
locations, including H3K9, H3K4, H3K36, H3K79, 
H3K20, and H3K27, are important for OSCC. Thus, 
we focused on a set of histone methylation regulators 
that are crucial for OSCC. 

 

Table 1. Overview of research on histone modifications in Oral Squamous Cell Carcinoma (OSCC) and their mechanistic implications 

S.No Study Type Histone Modification Key Findings Outcome Ref 
1 In vivo (tissue) H3K4Me1, Me2, Me3 Altered levels of H3K4Me2 (↑) and H3K4Me3 (↓). May contribute to oncogenesis. 47 
2 Human study H3K4ac, H3K27Me3 Advanced tumors linked to low H3K4ac and high H3K27Me3. Predictive of OSCC outcomes. 48 
3 In vitro H3K9 trimethylation G9a inhibition suppressed cell growth and induced cell death. Reduced colony formation. 49 
4 In vitro & In vivo H3K4Me3 Regulates Wnt/β-catenin signaling and stem cell programs. Linked to transcriptional activation. 32 
5 In vitro H4K20Me2 SET knockdown increased H4K20Me2 and miR-137 levels. Regulates miRNA production in 

OSCC. 
50 

6 In vitro & In vivo KMT2D Knockdown reduced tumor growth and Wnt signaling. Impairs OSCC progression. 14 
7 In vitro & In vivo H3K27ac, H3K27Me3 Metformin inhibited cell proliferation and colony formation. Induces apoptosis in OSCC cells. 51 
8 In vitro DNMT, HMTi, HDACi 

inhibitors 
Combined treatment reduced cell viability and induced 
apoptosis. 

Cell cycle arrest at S and G2/M 
phases. 

41 

9 In vitro Various histone 
markers 

Altered markers linked to homeobox gene dysregulation. Associated with OSCC development. 52 

10 In vitro H3K36 methylation Impaired methylation prevents differentiation. Promotes oncogenesis in HNSCC. 53 
11 In vitro DOT1L DOT1L upregulation linked to cancer stem cell (CSC) invasion 

and cisplatin resistance. 
Promotes survival proteins via 
miR-10. 

54 
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Figure 2. Hallmark of OSCC and histone methylation. This figure illustrates the role of histone methylation in oral squamous cell carcinoma (OSCC). Histone 
methyltransferases (writers, in orange), demethylases (erasers, in blue), and methyl-binding proteins (readers, in green) regulate chromatin structure, influencing gene expression 
and contributing to OSCC development. The inner circle represents key hallmarks of OSCC, such as avoiding immune destruction, promoting inflammation, and resisting cell 
death, all linked to histone modifications. The color coding represents the involvement of writers, erasers, and readers in these processes. 

 

Histone methylation-writer in OSCC 
The "writer" in histone methylation is thought to 

be the enzyme methyltransferase which mostly 
methylates side chain nitrogen atoms of lysine in 
histone H3 and H4. The addition of one, two, or three 
methyl groups from S-adenosyl-L-methionine to the 
-amino group of a histone lysine residue is catalyzed 
by these lysine methyltransferases (KMT1-6) to 
monomethylate, demethylate, or trimethylate a lysine 
residue [56]. KMTs can be roughly divided into eight 
categories based on their structure and sequencing 
around the SET domain, with further subgroups 
including KMT1 (A-F), KMT2 (A-H), KMT3 (A-C), 
KMT4, KMT5 (A-C), KMT6, KMT7, and KMT8 [57]. 
The SET (suppressor of variant allele, enhancer of 
Zeste, trithorax) domain, which is a 130 amino acid 
conserved domain shared by all KMTs except DOT1L 
(disruptor of telomeres silencing-1) is responsible for 
methylating lysine 79 in the terminal domain of 
histone H3 to suppress variant allele. DOT1L 

methylates lysine residues in the globular core of the 
protein due to SET deficiency, as opposed to the tails 
of the histones [58, 14]. Dot1 showed to be the first 
disruptor of telomeric silencing in Saccharomyces 
cerevisiae through a genomic screen. It is the only 
histone methyltransferase that is known because it 
lacks a SET domain. The methylation of H3K79 affects 
DNA repair, transcriptional control, a cell cycle 
checkpoint, telomeric silencing, and cellular 
development [59]. 

Writer without SET domain 
The DOT1L methyltransferase enzyme KMT4, 

part of the huge macromolecular complex known as 
DotCom (DOT1Lcontaining complex), was reported 
to be overexpressed and/or amplified in solid 
tumours like breast, ovary, prostate, and colon. It 
interacts with the chromosome 3 translocated 
mixed-lineage leukaemia proteins (MLLT3) to 
function even in OSCC. It is connected to the repair of 
UV damage since it is the primary enzyme for 
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methylating the histone H3 lysine 79 (H3K79) [60,61]. 
It influences the gene expression in humans, flies, and 
yeast [62, 63]. H3K79 methylation controls cell 
invasion, proliferation, plasticity and stemness, cell 
cycle progression, cell-to-cell signaling, 
epithelial-to-mesenchymal transition, and 
chemoresistance through interactions with several 
molecular partners, including noncoding RNA [64]. 
For example, the deregulation of HIF-1-dependent 
expression of genes like MMP1, MMP2, TWIST, VIM, 
and CDH1 in oral cancer is linked to the interaction of 
DOT1L proteins with MLLT3. This shows that one of 
the important factors in OSCC invasiveness may be 
MLLT3 linked with DOT1L. Further, DOT1L is 
required for MLLT3 to repress CITED4's 
transcription, which leads to the dysregulation of 
HIF-1-mediated genes and is allied to a poor 
prognosis for patients with OSCC [65]. It also plays a 
substantial role in perinatal and embryonic 
development, which makes DOT1L an intriguing 
therapeutic target for oral cancer therapy [66]. 

Writer with SET domain 
SET domains are the cause of the enzymatic 

activity of other KMTs, including KMT1-3, 5, 6, and 7. 
Since most of their functions involved alteration in the 
ratio of gene expression through function gain or loss, 
increased expression, chromosomal translocation, 
downregulation by promoter hypermethylation, or 
mutations of histone modifying enzymes/complexes 
or even the histone modifying site are commonly 
detected in human cancers [67, 68]. These enzymes 
also affect DNA damage response and polycomb 
silencing, both of which have a correlation to cancer. 
For instance, in the case of cancer, a high level of 
H3K27me3 was related to tumour progression 
(advanced T and N status, and stage of tumour) by 
preventing gene expression through the action of an 
enzyme called enhancer of zeste homolog 2 
(EZH2/KMT6), which trimethylates histone H3 lysine 
27 and subsequently causes transcriptional repression 
of target genes [39, 69, 70].  

Oral cancer is more aggressive and has a worse 
prognosis when EZH2 is overexpressed because it 
induces self-renewal and prevents stem cells 
differentiating [71]. Similarly, numerous studies 
showed that OSCC can upregulate EZH2 in cell lines 
[72-74]. Additionally, EZH2 was linked to the 
expression of the putative G1 cyclin D1, the 
proliferation marker Ki-67, the tumour suppressor 
p53, the long non-coding RNA HOX transcript 
antisense RNA repressed E-cadherin, and the elevated 
receptor tyrosine kinase c-ros oncogene that 
stimulates cellular migration and proliferation [75-77]. 
According to Zhao et al. [78], EZH2 plays a role in 

metastasis, invasion, metastasis, and cell proliferation 
in the development of OSCC. These results suggest 
that EZH2 is implicated in the development of OSCC. 
Strong EZH2 expression has a high correlation with 
the development of OSCC, with 80% of patients 
developing OSCC within five years, according to a 
study on oral leukoplakia (OL). In Leuk-1 cells, 
downregulation of EZH2 resulted in G1 arrest, 
decreased invasion, and downregulation of cyclin D1. 
These results point to EZH2 as a major participant in 
the malignant transformation of OL and as a possible 
biomarker for estimating the risk of OSCC [79]. 

Two H3K9 methyltransferases, GLP (also called 
EHMT1) and G9a (named KMT1C), form a 
heteromeric complex that is necessary to maintain the 
mono- and demethylation of H3K9, a feature of silent 
euchromatin. The processes of transcription, signal 
transduction, cell division, and proliferation depend 
on this system. The primary cause of transcriptional 
repression, according to Yokochi et al. [80] and Purcell 
et al. [81], is G9a's lysine methylation of histone and 
non-histone substrates. Effects of G9a expression on 
OSCC prognosis, clinical stage, and pathological 
grade [82]. G9a expression was linked to invasion 
depth, lymph node metastasis, and tumor stage in 139 
OSCC cases, demonstrating that it is necessary for 
reduced E-cadherin and methylation. G9a controls 
restrictive epigenetic modifications by mono- and 
di-methylating certain molecules. Inhibiting G9a with 
BIX in Tca8113 and KB cell lines, showed significant 
inhibition in cell growth and proliferation. 
Additionally, it promotes cell death through the 
production of cleaved caspase 3 and cell autophagy 
by the conversion of LC3-I to LC3-II. Thus, identifying 
G9a aberrations could be a promising epigenetic 
target for treating OSCC [41]. 

G9a promotes the features of cancer stem cells 
(CSCs) and the epithelial-to-mesenchymal transition 
(EMT) in HNSCC. G9a suppresses E-cadherin 
expression through its interaction with Snail, which 
promotes metastasis and poor prognosis. G9a 
knockdown highlighted the significance of the 
G9a-Snail axis in lymph node metastasis by reversing 
EMT, preventing cell migration, and lowering the 
expression of CSC markers. Treating metastatic 
HNSCC may benefit from a therapy approach that 
targets this axis [82]. Other histone 
methyltransferases, such SUV4-20H1 and 
SUV4-20H2, catalyze the di- and tri-methylation of 
H4K20 at H4K20me2 and H4K20me3. These enzymes 
are also involved in DNA replication, cell cycle 
regulation, and DNA repair, among other biological 
activities. Similarly, the trimethylated SUV39H1 (also 
called KMT1A) enzyme regulates genes to produce 
autophagic cell death, which in turn promotes cell 
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growth [42]. Both Suv4-20h1 and Suv4-20h2 are 
amplified in a range of human malignancies, 
including those of the head and neck, bladder, breast, 
kidney, oesophagus, colon, uterus, lung, prostate, 
liver, and stomach, according to multiple studies 
employing the TCGA database. When compared to 
normal keratinocytes, Suv4-20h1 was significantly 
expressed in these cells, even in OSCC cell lines [83, 
84].  

These histone methylations at H3K9, H3K79, 
H3K20, and H3K27 demonstrate the connection 
between histone methylation and OSCC progression. 
Briefly, OSCC cells with various methylation patterns 
also had varied amounts of H3K4 and H3K9. In 
contrast to normal tissue, OSCC had lower levels of 
H3K4me3 and me2, whereas H3K4me2 levels were 
remained unchanged. The levels of H3K4me1 in the 
two types of tissues are not significantly different 
from one another. In H3K9, nuclear H3K9me2 
function is associated with a poorer prognosis for 
both disease-free and disease-specific survival, 
whereas cytoplasmic H3K9me1 expression is 
associated with a lower probability of disease-specific 
death. Histone methyl transferases such as Prdm3 and 
Prdm16 (H3k9me1) in the cytoplasm create 
monomethylated H3 histone after pre-methylation of 
the histone. Methylated histones are believed to affect 
gene expression silencing and chromatin compaction. 
The SUV39h enzyme will convert H3K9me1 into 
H3K9me2 and H3K9me3 in these areas [85]. Because 
of this, a tumor with higher levels of H3K9me1 
expression in the cytoplasm is likely to have less 
histone methylation and a reduced chance of dying 
from the disease. These findings suggest that a 
regulatory role of methylation in altering chromatin 
structure, which may increase the risk for cancer [39, 
86]. Additionally, these epigenetic changes showed 
that these writer proteins can silence or activate key 
genes involved in chromatin remodelling, which 
possibly will lead to an open chromatin organization 
and enable transcription of elements associated with 
human malignancies such as OSCC. 

Histone methylation-eraser in OSCC 
Histone demethylases (HDMs or KDMs) 

referred to be erasers that contribute to the elasticity 
of covalent histone alternations. This is because, they 
remove the mono-, di-, and tri-methylation marks in a 
reversible manner through S-adenosyl-L-methionine 
(SAM)-dependent mechanism [87]. KDMs are diverse 
and can be divided into two main groups: histone 
demethylases with the highly conserved JumonjiC 
(JMJC) domain and lysine-specific demethylases 
(LSDs) of the amine-oxidase type. The first group 
family of demethylases, JMJC, can eliminate all three 

potential methylation states of methylated Lys 
residues, since the LSDs restricted the enzymatic 
activity to mono- and dimethyl Lys residues. The 
JmjC-KDM class, which is further subdivided into the 
KDM2/7, KDM3-6, subfamilies, contains enzymes 
that make up 28 of the 30 known KDMs [7, 87]. 
Numerous biological processes, including cell cycle, 
ageing, DNA damage response, and heterochromatin 
formation, are influenced by KDMs. They reported to 
play a vital function in controlling pluripotency [88]. 
KDM over-expression is necessary for a number of 
cancer types, and these functions are crucial for cell 
proliferation. Proto-oncogene and tumour suppressor 
gene expression levels can be changed by controlling 
the methylation of H3K9, H3K27, H3K4, H3K36, or 
other sites. Because they have a considerable impact 
on the expression of the majority of cancer-related 
genes, KDMs may be especially fascinating as drug 
targets. The involvement of histone lysine 
demethylases in the aetiology of HNSCC has made 
them intriguing molecular targets. Genomic analysis 
was used to find mutations in the KDM-4, KDM-5, 
and KDM-6encoding genes [89]. KDMs were found to 
be overexpressed in OSCC, especially at advanced 
stages [90]. 

Lysine Specific Demethylase (LSDs) 
 Our understanding of how histone methylation 

occurs during both normal biological processes and 
cancer was fundamentally altered by LSD1 (also 
known as KDM1A). This discovery led to the 
identification of over 20 histone demethylases that are 
currently known and to provide the first indisputable 
proof that histone methylation is dynamic. LSD1 is an 
essential component of several transcriptional 
co-repressor complexes, such as nucleosome 
remodelling and histone deacetylation and 
corepressor for element-1-silencing transcriptional 
factor, which selectively remove the methyl group 
from H3K4me1/2 and thereby mediate gene 
repression [91, 92]. By genetically removing or 
pharmacologically inhibiting LSD1, cell migration, 
epithelial-to-mesenchymal transition, 
chemoresistance, and cancer stem cell characteristics 
were all effectively inhibited. In certain cases, 
antitumor immunity was also activated, which 
eventually prevented cancer growth and spread. This 
shows the substantial correlation between OSCC's 
aberrant, LSD1 overexpression, tumour 
aggressiveness and lower overall survival [93]. 
Squamous cell carcinoma (SCC) metastasis, invasive 
growth, and the synthesis of AP-1 transcription 
factors were all aided by a unique LSD called KDM4A 
(lysine-specific demethylase 4A). KDM4A 
knockdown in an orthotopic nude mouse model of 
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SCC, displayed dramatic reduced metastasis of SCC 
to cervical lymph nodes. In addition, compared to 
basic human SCC, KDM4A abundance was 
considerably higher in lymph nodes from human 
metastatic SCC. Thus, KDM4A might serve as a 
significant therapeutic target for preventing the 
spread of invasive SCC [94]. Similarly, deregulation of 
the histone demethylase JMJD5 was found to have a 
significant impact on carcinogenesis. 

JMJC domain containing histone 
demathylase 

JMJC domain-containing proteins have been 
linked to a number of malignant human cancers via 
epigenetic remodelling. The H3K36me2 demethylase 
formerly known as JMJD5 is now known as KDM8 
[95]. In breast cancer [96], prostate cancer [96], and 
OSCC [97], JMJD5 is known to regulate the 
p53/nuclear factor-kappaB (NF-κB) pathway, the 
regulation of the cyclin A1 coding area, and as a dual 
coactivator of AR and PKM2 that integrates the 
AR/EZH2 network and metabolism of tumour. In 
OSCC cells, JMJD5-knockdown increased the 
expression of E-cadherin while decreasing the 
expression of N-cadherin and vimentin. The enhanced 
cleavage of Caspases and PARP-1 provided 
additional proof that JMJD5-silence triggered 
apoptosis through both intrinsic and extrinsic routes. 
Meanwhile, JMJD5-knockdown also increased p53 
expression levels. In JMJD5-silenced cells, inhibiting 
p53 expression with its inhibitor PFT prevented the 
apoptotic response. Pifithrin (PFT) pre-treatment 
prevented the NF-κB reduction caused by JMJD5 
inhibition. JMJD5 overexpression consistently 
decreased levels of p53, cleaved caspase-3, and 
PARP-1 in OSCC cell lines while increasing nuclear 
NF-κB expression. These results support the function 
of JMJD5 to serve as a critical prognostic indicator and 
therapeutic target for halting OSCC progression [97, 
98].  

Similarly, tumour suppressor gene silencing in 
patients with oral and oropharynx cancer is associated 
with the JMJD1A protein's promotion of histone 
demethylation, particularly at lysin-9 of H3K9me2 or 
H3K9me1 histone H3. Adrenomedullin (ADM), a 
JMJD1A gene target, has been found to induce 
carcinogenesis and cell proliferation. JMJD1A and 
ADM expression, together with the amount of H3K9 
methylation, have all been connected to the risk of 
developing and the prognosis of HNSCC as potential 
indicators of prognosis in this malignancy [99]. 
JARID1B, referred as PLU-1, is a homolog of jumonji, 
AT rich interactive domain (JARID) and 
Retinoblastoma-Binding Protein 2 (RBP2). It has H3K4 
demethylase activity and belongs to the JARID family 

[100]. Some studies indicate that OSCC is one of the 
cancers where JARID1B is overexpressed. In all of 
these cancers, JARID1B expression is associated to 
higher metastases and mortality rates, but JARID1B 
knockdown causes cell death through cell cycle arrest 
[101-103]. Even RNA demethylase (ALKBH5) affects 
HNSCC in an oncogenic manner. In vitro and in vivo 
tumour growth is suppressed by RNA demethylase 
(ALKBH5) silencing of m6A demethylase alkB 
homolog 5. The m6A modification of DDX58 mRNA 
is downregulated by ALKBH5, according to 
m6A-RNA immunoprecipitation sequencing. Because 
of the ablation of RIG-I expression brought on by 
ALKBH5 overexpression, the inhibitor of NF-κB 
kinase ε/TANK-binding kinase 1/interferon 
regulatory factor 3 (IKKε/TBK1/IRF3) pathway is 
blocked, which ultimately promotes immunological 
escape and reduces IFNα release. This showed that 
RIG-I-mediated IFNα secretion is blocked by 
ALKBH5 overexpression through the 
IKKε/TBK1/IRF3 pathway, suggesting a new 
mechanism governing IFNα production in the tumor 
microenvironment [104] Since histone demethylase 
affects OSCC development modulation, these above 
enzymes might be considered as crucial prognostic 
markers and therapeutic targets for OSCC 
progression. 

Histone methylation-reader in OSCC 
In order to accommodate a modified histone 

residue, readers also known as polycomb-group (PcG) 
proteins often offer an accessible surface, such as a 
cavity or groove. They are also able to identify the 
precise state, such as mono- or trimethylation of 
lysine, or the modification, such as acetylation or 
methylation. In order to ascertain the context of the 
sequence, reader proteins additionally interact with 
the changed amino acid's flanking sequence. These 
reader proteins have variety of methyl-lysine-binding 
motifs, including the ADD, tudor, WD40, BAH, 
ankyrin repeat, zn-CW, MBT, BMI-1, chromo, PWWP, 
and PHD domains. Target methyl-lysines can also be 
distinguished based on their amino acid sequences 
and the amount of methylation around them [105]. 
Recent research has suggested that the PcG proteins 
are important components of an epigenetic memory 
system that controls overall gene expression during 
development in multicellular eukaryotes [106]. The 
Polycomb repressive complexes (PRCs-PRC1 and 
PRC2) of PcG proteins are multiprotein repressive 
complexes that restrict transcription by a mechanism 
that includes chromatin remodelling. PRC1 recruits 
other components and binds to this histone mark 
(H3K27me3), which causes chromatin compaction 
and epigenetic silencing of the nearby genes by 
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ubiquitinating a lysine residue of histone H2A. 
Additionally, the PRC2 trimethylates histone H3 
Lysine 27 (H3K27) is recruited to DNA sequences like 
Polycomb response elements that include certain 
cis-regulatory elements [107]. According to recent 
research, these proteins are crucial for the 
development and spread of cancer in humans as well 
as human carcinogenesis. The dysregulation and 
malfunction of PcG proteins frequently showed to 
resulted in the blocking or improper activation of 
developmental pathways, the promotion of cellular 
proliferation, the inhibition of apoptosis, and the 
expansion of the cancer stem cell population [108]. 
BMI-1 for instance, controls a variety of biological 
processes, including X chromosome inactivation, 
carcinogenesis, and stem cell renewal. It is one of the 
key components of the polycomb repressive complex 
1 [109]. The ink4a and ink4b loci, which encode the 
proteins p16INK4A, p19ARF, and p15INK4B, are 
known to be the cellular target genes of B-lymphoma 
MO-MLV insertion region-11 homolog (BMI-1) [110].  

The ink4a locus, which is crucial for the 
beginning of cellular senescence in a variety of human 
somatic cell types is suppressed by BMI-1, which is 
thought to encourage cellular proliferation [111]. 
Additionally, the abrogation of the p16INK4A/pRb 
pathway in neoplastic cell line derived from human 
oral keratinocytes (HOK-16B-BaP-T cells) caused 
BMI-1 knockdown, which resulted in a fast arrest of 
replication and the death of feasible cells. These 
findings show role of BMI-1 to control cellular 
proliferation during the development of oral cancer 
by p16INK4A-independent pathways [112]. Human 
cancers are known to exhibit abnormal expression, 
inactivating mutations, chromosomal translocations, 
and recruitment of PcG proteins and complexes by 
methylation histone. The frequency of these recently 
discovered mutations and abnormalities shows the 
essential of dysregulation of PcG activity for the 
biology of cancer stem cells and cancer formation. The 
abundance of PcG complexes and the many PcG 
proteins inside these complexes make it difficult to 
draw a precise picture of the precise regulatory events 
involving PcG complexes in OSCC and other cancers. 
To improve the therapeutic potential of these 
proteins, more studies are needed to address this 
problem [113]. 

Personalised medicine  
The epigenetic principles illuminate the path for 

the rapidly developing field of personalised medicine, 
which uses diagnostic tests based on genomic, 
proteomic, and metabolomic data to improve and 
predict patient responses to targeted therapy. 
Additionally, the combination of the human genome, 

information technology, biotechnology, and 
nanotechnology to provide therapy based on distinct 
differences compared to population trends is opening 
up new avenues for the rapid detection of biomarkers 
for oral cancer [114]. Likewise, personalised medicine 
that could be applied to personalised dentistry 
facilitates reducing high-risk invasive testing 
procedures, facilitating to control overall health care 
costs, decreasing adverse drug reactions, directing 
targeted therapy, and reducing trial-and-error 
procedures as well as to increase patient willingness 
to treatment [115]. These epigenetic phenomena that 
link genetics, nutrition, and environment have an 
impact on oral cancer [116, 117].  

The majority of these chromatin writers, readers, 
and erasers are good candidates for therapeutic 
management. As previously mentioned, the improper 
writing, erasing, or reading of the histone alteration 
language inherent in chromatin signifies a frequent, 
often early, and significant contribution to the 
oncogenesis of OSCC through the generation of 
epigenetic, transcriptomic, and phenotypic mutations. 
The treatment of OSCC as personalised medicine will 
be improve A better understanding of various 
biochemical mechanisms underlying the 
dysregulation of this chromatin language in oral 
cancer, as well as the identification and improvement 
of more potent drugs to target these 
chromatin-related vulnerabilities, [118]. Early 
detection is critical in this case because only one-third 
of OSCC patients had the disease in stages I and II of 
diagnosis [119]. Furthermore, there is a wide variation 
in the efficacy of currently available treatments for 
oral cancer from patient to patient. They frequently 
harm healthy, non-cancerous organs and tissues. 
Personalised medicine may make use of histone 
methylation to focus specific therapies to certain 
organs, gene changes, and unique traits relevant to 
each individual case of cancer [120]. Histone 
methylation can be a target for drugs since it is 
chemically reversible. Small-enzymatic inhibitors that 
work to restore the aberrant epigenetic machinery 
have the potential to reverse epigenetic markers in 
cancer [121]. As previously stated, controlling histone 
methylation has significant clinical potential, 
particularly for oral cancer treatment regimens. It is 
now evident that histone methylation has the 
potential to be an epidrug that targets using small 
enzymatic inhibitors, much like a personalised 
treatment. Particularly, in the current study, we 
discussed how lysine methylation (writer, eraser, and 
reader) influence cell migration, proliferation, and cell 
cycle progression, as well as certain characteristics of 
cancer stem cells in OSCC.  
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Lysine methylation as biomarker in 
OSCC 

Histone methylation significantly influences the 
epigenetic regulation of gene expression during a 
number of biological processes, including cellular 
stress response, cell cycle control, embryogenesis, 
DNA damage response, and cell differentiation 
[122,123]. In addition to genetic changes, these 
epigenetic tumor-specific changes, like lysine 
methylation, are detectable in circulating tumour cells 
(CTCs) or circulating free tumour DNA (ctDNA) 
using liquid biopsy assays in plasma or other body 
fluids. These biomarkers have demonstrated 
diagnostic, prognostic, and predictive abilities 
[124,125]. Due of their impact on tumour 
characteristics, including differentiation, apoptosis, 
and treatment response, these histone methylation 
alterations are particularly associated to cancer. 
Histone H3 methylation at residue 9 (H3K9) is 
especially linked to transcriptional repression because 
it induces the development of heterochromatin and 
silences tumour suppressor genes in a variety of 
cancer types [126]. For instance, Western blotting 
investigations were carried out employing particular 
antibodies to assess levels of histone methylation 
(H3K4). The findings suggest that almost all 
modifications involving the methylation of histone 
lysine residues are characterized by a reversible 
process. By comparing the band strength of the 
examined samples with the bands visible in the 
histone preparation from HeLa cells on the same 
films, the methylation levels of H3 histone are 
expressed in arbitrary units (A.U.). This implies that 
histone methylation may act as a biomarker in OSCC 
and be beneficial in regulating the oncogenic nature of 
OSCC cells. Similarly, when compared to the healthy 
oral mucosa, OSCC and leukoplakias have the similar 
H3K4 methylation behaviour. Relative to healthy 
mucosae, they both exhibit greater demethylation and 
a more pronounced decreased trimethylation level. In 
contrast, only carcinomas did not significantly differ 
from healthy mucosae in terms of monomethylating 
levels. Tumorigenesis has been linked to a 
considerable alteration in the levels of the 
heterochromatin markers H3K9me3 and H4K20me3, 
respectively [127]. The JMJD2C/GASC1 gene is also 
amplified in OSCC [128]. These results demonstrate 
that histone methylation expression may serve as 
potential treatment targets as well as prediction 
markers of oral cancer progression and prognosis. 
Therefore, abnormal regulation of these methylation 
marks may contribute to the carcinogenic potential 
and may also serve as a therapeutic target.  

Lysine methylation related therapeutic 
targets 

Recent advances in protein research have made 
it possible to identify lysine-methylated proteins, and 
it has been estimated that the human proteome 
contains about 1200 different proteins with a total of 
about 2000 lysine residues with methyl modifications. 
The majority of these methylation’s biological 
purpose has yet to be discovered. These post 
transcriptional modifiers that control the activity of 
promoter-specific transcription factors are a major 
mediator of the dynamic changes in gene expression 
that happen in response to external cues [129]. Lysine 
methylation is emerging as a major regulatory 
mechanism of transcription factor function because 
the regulation of these changes activates or represses 
gene expression [130]. This methylation status of gene 
promoters and their relationships to clinical indicators 
in patients with solid tumours and haematological 
malignancies have been the subject of numerous 
researches as mentioned above. These analyses have 
revealed some connections between lysine 
methylation and survival or therapeutic response, 
changes in the epigenome of cancer cells, and clinical 
survival indicators. Lysine methylation specifically 
influences DNA-binding affinity, protein-protein 
interactions, protein stability, subcellular localization, 
and cell signalling to regulate the function of 
transcription factors (TFs). Changes in lysine 
methylation can also have an impact on the position 
of transcription factors in the nucleus, which in turn 
regulates transcriptional activity. This is significant 
since these changes can alter how physiologically 
active cells perform. Additionally, it facilitates the 
affinity with which transcription factors bind to their 
targets, altering the transcription of their target genes 
and eventually the way in which proteins interact. 
Thus, histone methylation caused by a gene mutation, 
translocation, or overexpression can often be the first 
sign of an illness like cancer. 

Identification of genes whose transcriptional 
suppression affects sensitivity to antineoplastic 
treatments is crucial for individualised anticancer 
therapy. It is also critical to convert this data into 
practically applicable assays that will direct anticancer 
therapies. Additionally, gene profiles will be required 
to help each patient specifically, but such tests are not 
yet accessible. Since this region is a possible 
pharmacological target, small molecule inhibitors of 
these proteins are helpful chemical probes or 
prospective therapies. In contrast to HDAC inhibitors, 
the development of histone methylation modulators is 
still in its early stages [131]. There were few potent 
HMT and KDM inhibitors available before 2010. Since 
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a couple of years ago, researchers and the 
pharmaceutical sector have greatly increased their 
efforts, leading to a rapid increase in the number of 
small molecule histone methylation modulators [54].  

Tazemetostat has been utilized at concentrations 
between 0.1 µM and 10 µM in in vitro experiments. 
Additionally, additional HMT inhibitors often have 
dosages between 5 µM and 25 µM, which corresponds 
to the different susceptibilities of different cancer cell 
lines to these compounds [132]. For instance, G9a is 
dysregulated in a number of malignancies, such as 
leukaemia, ovarian, lung, and breast tumours. 
Although cellular toxicity hindered its usage in 
clinical settings, the first-identified G9a inhibitor, 
BIX-01294 suppressed tumour growth in mice 
xenograft models of breast, hepatocellular, and OSCC. 
Later, additional BIX-01294 variants were created 
[122, 56]. Similarly, the polycomb repressive complex 
2 (PRC2) suppresses gene expression and methylates 

histone H3 lysine 27 to control cell division and 
proliferation. Enhancer of zeste homolog 2 (EZH2) or 
EZH1, a near homolog, are found in two distinct 
PRC2 complexes and serve as a kinase domain of 
PRC2. EZH1/2 dual inhibitors were more effective at 
reducing histone H3 lysine 27 trimethylation in cells 
than EZH2 selective inhibitors. In comparison to an 
EZH2 selective inhibitor, higher anticancer activity 
were demonstrated against diffuse large B-cell 
lymphoma cells containing EZH2 gain-of-function 
mutations [133, 134]. Some cancer cell lines were 
susceptible to the EZH1/2 dual inhibitor both in vitro 
and in vivo. In drug concentrations greater than those 
employed in the anticancer investigation, rats treated 
with EZH1/2 dual inhibitors for 14 days did not 
exhibit any evidence of severe toxicity. These results 
imply that EZH1/2 dual inhibitors may have clinical 
applications in solid tumours like oral cancer 
[135,136]. 

 

 
Figure 3. OSCC progression in relate to histone methylation. Figure 3 depicts the transition of healthy oral squamous cells into oral squamous cell cancer cells in 
accordance with the histone methylation mechanism. Histone methylation modifiers like "writer," "eraser," and "reader" can alter the cell cycle, which regulates cell signalling, 
proliferation, invasion, and migration that results in the epithelial to mesenchymal transition. This alteration may result in metastasis, additional signalling activation, the 
development of cancer stem cells, or chemoresistance. 
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Conclusion and future hopes 
OSCC is a serious public health issue globally 

due to high mortality and poor prognosis. The most 
frequent reasons of death in OSCC patients include 
second primary tumours, lymph node invasion, and 
high rates of radiation and chemotherapy recurrence. 
Methylation, histone modifications, and non-coding 
RNA are among the epigenetic components that have 
recently provided compelling evidence that genetic 
and environmental factors are the primary causes of 
oral cancer's onset and progression. Genome editing 
during the cell cycle has a significant impact on 
histone modification at the chromatin level. 
Depending on many factors, these histone 
methylation proteins, such as histone 
methyltransferase, histone methylation detecting 
proteins, and histone methylation-regulatory 
proteins, can either promote or inhibit gene 
expression. It can regulate post-transcriptional 
repression, cell migration, invasion, migration, cell 
progression, epithelial-mesenchymal transition, and 
chemoresistance. The current review emphasizes the 
significance of histone methylation in OSCC as a 
biomarker and therapeutic target, which opens up the 
possibility that it will potentially serve as a tool for 
personalised therapy (Figure 3). The identification 
and progress of more effective drugs to target 
dysregulated histone expression would enhance the 
treatment of OSCC as individualized medicine. 
Because oral cancer treatments that are currently 
available have a very variable degree of effectiveness 
from patient to patient and frequently harm healthy, 
non-cancerous organs and tissues. In personalized 
medicine, histone methylation may be utilized to 
direct specific treatments towards target organs, gene 
alterations, and other factors relevant to each unique 
case of cancer. 

Being the most common type of cancer in the 
world, OSCC is epigenetically controlled by the 
transcription of genes involved in cancer cell 
migration, invasion, cell death, and proliferation. It is 
clear that this epigenetic mechanism may be used in 
the future to improve the development of the 
treatment of oral cancer through individualized 
therapy. Utilizing cutting-edge technology like the 
CRISPR/Cas9 system, which has tremendous efficacy 
in discovering genes linked with oral cancer 
pathobiology and in treating the same by gene 
deletion technique, histone methylation has to be 
studied more thoroughly in OSCC as the future hope. 
The histone methylation study will be a triumph in 
oral oncology for early detection, diagnostics, and 
therapeutic components that help in identifying 
person's genetic profile, disease prediction in its early 

stages, and applications in personalised medicine. 

Acknowledgements  
Funding 

This study was supported by the Deanship of 
Scientific Research, Vice Presidency for Graduate 
Studies and Scientific Research, King Faisal 
University, Saudi Arabia, for financial support under 
the annual funding track [Grant A131]. 

Data availability statement 
Data will be made available on request. 

Author contributions 
Conceptualization, PR. RS., and MIK.; 

methodology, PR, BMA; validation, SAA., E.M.A and 
formal analysis, R.S; writing—original draft 
preparation, BMA, PR and M.P.; writing—review and 
editing, B.M.A.; supervision, P.R.; project 
administration, P.R.; funding acquisition, P.R All 
authors have read and agreed to the published 
version of the manuscript. 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
1. Siegel RL, Miller KD, Fuchs HE, et al. Cancer Statistics, 2021. CA Cancer J 

Clin. 2021; 71: 7-33. doi:10.3322/caac.21654. 
2. Akashanand Z, Zahiruddin QS, Jena D, et al. Burden of oral cancer and 

associated risk factors at national and state levels: A systematic analysis 
from the global burden of disease in India, 1990-2021. Oral Oncol. 2024; 
159: 107063. doi: 10.1016/j.oraloncology.2024.107063. 

3. Singh MP, Misra S, Rathanaswamy SP, et al. Clinical profile and 
epidemiological factors of oral cancer patients from North India. Natl J 
Maxillofac Surg. 2015; 6: 21-4. doi:10.4103/0975-5950.168215. 

4. Putluru S, Pandi C, Kannan B, et al. Increased expression of LIPC is 
associated with the clinicopathological features and development of 
head and neck squamous cell carcinoma. Cureus. 2023; 15: e50202. 
doi:10.7759/cureus.50202. 

5. Muthukrishnan A, Warnakulasuriya S. Oral health consequences of 
smokeless tobacco use. Indian J Med Res. 2018; 148: 35-40. doi: 
10.4103/ijmr.IJMR_1793_17. 

6. Global Burden of Disease 2019 Cancer Collaboration, Kocarnik JM, 
Compton K, et al. Cancer incidence, mortality, years of life lost, years 
lived with disability, and disability-adjusted life years for 29 cancer 
groups from 2010 to 2019: A systematic analysis for the Global Burden of 
Disease Study 2019. JAMA Oncol. 2022; 8: 420-44. 

7. Ramalingam K, Yadalam PK, Ramani P, et al. Light gradient 
boosting-based prediction of quality of life among oral cancer-treated 
patients. BMC Oral Health. 2024; 24: 349. 

8. Dos Santos ES, Wagner VP, Cabral Ramos J, et al. Epigenetic modulation 
of the tumor microenvironment in head and neck cancer: Challenges and 
opportunities. Crit Rev Oncol Hematol. 2021; 164: 103397. 

9. Cheng Y, He C, Wang M, et al. Targeting epigenetic regulators for cancer 
therapy: Mechanisms and advances in clinical trials. Signal Transduct 
Target Ther. 2019; 4: 62. 

10. Hema KN, Smitha T, Sheethal HS, et al. Epigenetics in oral squamous 
cell carcinoma. J Oral Maxillofac Pathol. 2017; 21: 252-9. 

11. Abhinaya LM, Muthukrishnan A. Clinical practice guidelines for 
radiographic assessment in management of oral cancer. J Adv Pharm 
Technol Res. 2022; 13: 248-51. 



 Journal of Cancer 2025, Vol. 16 

 
https://www.jcancer.org 

1588 

12. Yang J, Xu J, Wang W, et al. Epigenetic regulation in the tumor 
microenvironment: Molecular mechanisms and therapeutic targets. 
Signal Transduct Target Ther. 2023; 8: 210. 

13. Pulecio J, Verma N, Mejía-Ramírez E, et al. CRISPR/Cas9-based 
engineering of the epigenome. Cell Stem Cell. 2017; 21: 431-47. 

14. Feinberg AP. The key role of epigenetics in human disease prevention 
and mitigation. N Engl J Med. 2018; 378: 1323-34. 

15. Wang X, Li R, Wu L, et al. Histone methyltransferase KMT2D cooperates 
with MEF2A to promote the stem-like properties of oral squamous cell 
carcinoma. Cell Biosci. 2022; 12: 49. 

16. Cutter AR, Hayes JJ. A brief review of nucleosome structure. FEBS Lett. 
2015; 589: 2914-22. 

17. Audia JE, Campbell RM. Histone modifications and cancer. Cold Spring 
Harb Perspect Biol. 2016; 8: a019521. 

18. Kouzarides T. Chromatin modifications and their function. Cell. 2007; 
128: 693-705. 

19. Mustafa A, Indiran MA, Ramalingam K, et al. Anticancer potential of 
thiocolchicoside and lauric acid loaded chitosan nanogel against oral 
cancer cell lines: A comprehensive study. Sci Rep. 2024; 14: 9270. 

20. Asokan GS, Jeelani S, Gnanasundaram N. Promoter hypermethylation 
profile of tumour suppressor genes in oral leukoplakia and oral 
squamous cell carcinoma. J Clin Diagn Res. 2014; 8: ZC09-ZC12. 

21. Allis CD, Jenuwein T. The molecular hallmarks of epigenetic control. Nat 
Rev Genet. 2016; 17: 487-500. 

22. Pérez-Montero S, Carbonell A, Morán T, et al. The embryonic linker 
histone H1 variant of Drosophila, dBigH1, regulates zygotic genome 
activation. Dev Cell. 2013; 26: 578-90. 

23. Christophorou MA, Castelo-Branco G, Halley-Stott RP, et al. 
Citrullination regulates pluripotency and histone H1 binding to 
chromatin. Nature. 2014; 507: 104-8. 

24. Soboleva TA, Parker BJ, Nekrasov M, et al. A new link between 
transcriptional initiation and pre-mRNA splicing: The RNA binding 
histone variant H2A.B. PLoS Genet. 2017; 13: e1006633. 

25. Li J, Qiu Y, Li L, et al. Histone Methylation Inhibitor DZNep ameliorated 
the renal ischemia-reperfusion injury via inhibiting TIM-1 mediated T 
cell activation. Front Med (Lausanne). 2020; 7: 305. 

26. Grigore F, Yang H, Hanson ND, et al. BRAF inhibition in melanoma is 
associated with the dysregulation of histone methylation and histone 
methyltransferases. Neoplasia. 2020; 22: 376-89. 

27. Zhou S, Feng S, Qin W, et al. Epigenetic regulation of spermatogonial 
stem cell homeostasis: from DNA methylation to histone modification. 
Stem Cell Rev Rep. 2021; 17: 562-80. 

28. Vallianatos CN, Raines B, Porter RS, et al. Mutually suppressive roles of 
KMT2A and KDM5C in behaviour, neuronal structure, and histone 
H3K4 methylation. Commun Biol. 2020; 3: 278. 

29. Ciesielski O, Biesiekierska M, Balcerczyk A. Epigallocatechin-3-gallate 
(EGCG) alters histone acetylation and methylation and impacts 
chromatin architecture profile in human endothelial cells. Molecules. 
2020; 25: 2326. 

30. Ananya RG, Pandi C, Kannan B, et al. DYNC1I1 acts as a promising 
prognostic biomarker and is correlated with immune infiltration in head 
and neck squamous cell carcinoma. J Stomatol Oral Maxillofac Surg. 
2024; 125: 101734. 

31. Beacon TH, Xu W, Davie JR. Genomic landscape of transcriptionally 
active histone arginine methylation marks, H3R2me2s and H4R3me2a, 
relative to nucleosome depleted regions. Gene. 2020; 742: 144593. 

32. Hyun K, Jeon J, Park K, et al. Writing, erasing and reading histone lysine 
methylations. Exp Mol Med. 2017; 49: e324. 

33. Zhu Q, Fang L, Heuberger J, et al. The Wnt-Driven Mll1 Epigenome 
Regulates Salivary Gland and Head and Neck Cancer. Cell Rep. 2019; 26: 
415-28.e5. 

34. Piunti A, Shilatifard A. Epigenetic balance of gene expression by 
Polycomb and COMPASS families. Science. 2016; 352: aad9780. 

35. Wang L, Zhao Z, Ozark PA, et al. Resetting the epigenetic balance of 
Polycomb and COMPASS function at enhancers for cancer therapy. Nat 
Med. 2018; 24: 758-69. 

36. Baylin SB, Jones PA. A decade of exploring the cancer epigenome – 
biological and translational implications. Nat Rev Cancer. 2011; 11: 
726-34. 

37. Gopalakrishnan KV, Kannan B, Pandi C, et al. Prognostic and 
clinicopathological significance of MRC2 expression in head and neck 
squamous cell carcinoma. J Stomatol Oral Maxillofac Surg. 2023; 124: 
101617. 

38. You JS, Jones PA. Cancer genetics and epigenetics: two sides of the same 
coin? Cancer Cell. 2012; 22: 9-20. 

39. Nebbioso A, Tambaro FP, Dell’Aversana C, et al. Cancer epigenetics: 
moving forward. PLoS Genet. 2018; 14: e1007362. 

40. Mancuso M, Matassa DS, Conte M, et al. H3K4 histone methylation in 
oral squamous cell carcinoma. Acta Biochim Pol. 2009; 56: 405-10. 

41. Song Y, Wu F, Wu J. Targeting histone methylation for cancer therapy: 
enzymes, inhibitors, biological activity and perspectives. J Hematol 
Oncol. 2016; 9: 49. 

42. Li KC, Hua KT, Lin YS, et al. Inhibition of G9a induces 
DUSP4-dependent autophagic cell death in head and neck squamous cell 
carcinoma. Mol Cancer. 2014; 13: 172. 

43. Chang S, Yim S, Park H. The cancer driver genes IDH1/2, 
JARID1C/KDM5C, and UTX/KDM6A: crosstalk between histone 
demethylation and hypoxic reprogramming in cancer metabolism. Exp 
Mol Med. 2019; 51: 1-17. 

44. Kannan B, Pandi C, Pandi A, et al. Triggering receptor expressed in 
myeloid cells 1 (TREM1) as a potential prognostic biomarker and 
association with immune infiltration in oral squamous cell carcinoma. 
Arch Oral Biol. 2024; 161: 105926. 

45. Jin X, Xu H, Wu X, et al. KDM4A as a prognostic marker of oral 
squamous cell carcinoma: Evidence from tissue microarray studies in a 
multicenter cohort. Oncotarget. 2017; 8: 80348-57. 

46. Yang IH, Shin JA, Lee KE, et al. Oridonin induces apoptosis in human 
oral cancer cells via phosphorylation of histone H2AX. Eur J Oral Sci. 
2017; 125: 438-43. 

47. Ushio R, Hiroi M, Matsumoto A, et al. Enhanced Cytotoxic Effects in 
Human Oral Squamous Cell Carcinoma Cells Treated with Combined 
Methyltransferase Inhibitors and Histone Deacetylase Inhibitors. 
Biomedicines. 2022; 10: 763. 

48. Chen YW, Kao SY, Wang HJ, et al. Histone modification patterns 
correlate with patient outcome in oral squamous cell carcinoma. Cancer. 
2013; 119: 4259-67. 

49. Ren A, Qiu Y, Cui H, et al. Inhibition of H3K9 methyltransferase G9a 
induces autophagy and apoptosis in oral squamous cell carcinoma. 
Biochem Biophys Res Commun. 2015; 459: 10-17. 

50. Sousa LO, Sobral LM, de Almeida LO, et al. SET protein modulates H4 
histone methylation status and regulates miR-137 level in oral squamous 
cell carcinoma. Epigenomics. 2020; 12: 475-85. 

51. Liu S, Shi C, Hou X, et al. Transcriptional and H3K27ac related genome 
profiles in oral squamous cell carcinoma cells treated with metformin. J 
Cancer. 2022; 13: 1859-70. 

52. Marcinkiewicz KM, Gudas LJ. Altered histone mark deposition and 
DNA methylation at homeobox genes in human oral squamous cell 
carcinoma. J Cell Physiol. 2014; 229: 1405-16. 

53. Papillon-Cavanagh S, Lu C, Gayden T, et al. Impaired H3K36 
methylation defines a subset of head and neck squamous cell 
carcinomas. Nat Genet. 2017; 49: 180-85. 

54. Bourguignon LY, Wong G, Shiina M. Up-regulation of Histone 
Methyltransferase, DOT1L, by Matrix Hyaluronan Promotes 
MicroRNA-10 Expression Leading to Tumor Cell Invasion and 
Chemoresistance in Cancer Stem Cells from Head and Neck Squamous 
Cell Carcinoma. J Biol Chem. 2016; 291: 10571-85. 

55. Saloura V, Vougiouklakis T, Sievers C, et al. The role of protein 
methyltransferases as potential novel therapeutic targets in squamous 
cell carcinoma of the head and neck. Oral Oncol. 2018; 81: 100-08. 

56. Mohan M, Herz HM, Shilatifard A. SnapShot: histone lysine Methylase 
complexes. Cell. 2012; 149: 498-259. 

57. Allis CD, Berger SL, Cote J, et al. New nomenclature for 
chromatin-modifying enzymes. Cell. 2007; 131: 633-36. 

58. Frederiks F, Stulemeijer IJ, Ovaa H, et al. A modified epigenetics toolbox 
to study histone modifications on the nucleosome core. Chembiochem. 
2011; 12: 308-13. 

59. Farooq Z, Banday S, Pandita TK, et al. The many faces of histone H3K79 
methylation. Mutat Res Rev Mutat Res. 2016; 768: 46-52. 

60. Bostelman LJ, Keller AM, Albrecht AM, et al. Methylation of histone H3 
lysine-79 by Dot1p plays multiple roles in the response to UV damage in 
Saccharomyces cerevisiae. DNA Repair (Amst). 2007; 6: 383-95. 

61. Mohan M, Herz HM, Takahashi YH, et al. Linking H3K79 trimethylation 
to Wnt signaling through a novel Dot1-containing complex (DotCom). 
Genes Dev. 2010; 24: 574-89. 

62. Shanower GA, Muller M, Blanton JL, et al. Characterization of the 
grappa gene, the Drosophila histone H3 lysine 79 methyltransferases. 
Genetics. 2005; 169: 173-84. 

63. Steger DJ, Lefterova MI, Ying L, et al. DOT1L/KMT4 recruitment and 
H3K79 methylation are ubiquitously coupled with gene transcription in 
mammalian cells. Mol Cell Biol. 2008; 28: 2825-39. 

64. Alexandrova E, Salvati A, Pecoraro G, et al. Histone Methyltransferase 
DOT1L as a Promising Epigenetic Target for Treatment of Solid Tumors. 
Front Genet. 2022; 13: 864612. 

65. Wang CI, Kao HK, Chen TW, et al. Characterization of Copy Number 
Variations in Oral Cavity Squamous Cell Carcinoma Reveals a Novel 
Role for MLLT3 in Cell Invasiveness. Oncologist. 2019; 24: e1388-e1400. 

66. Yi Y, Ge S. Targeting the histone H3 lysine 79 methyltransferase DOT1L 
in MLL-rearranged leukemias. J Hematol Oncol. 2022; 15: 35. 



 Journal of Cancer 2025, Vol. 16 

 
https://www.jcancer.org 

1589 

67. Morgan MA, Shilatifard A. Chromatin signatures of cancer. Genes Dev. 
2015; 29: 238-49. 

68. Lawrence M, Daujat S, Schneider R. Lateral thinking: how histone 
modifications regulate gene expression. Trends Genet. 2016; 32: 42-56. 

69. Ciferri C, Lander GC, Maiolica A, et al. Molecular architecture of human 
polycomb repressive complex 2. Elife. 2012; 1: e00005. 

70. Lindsay C, Seikaly H, Biron VL. Epigenetics of oropharyngeal squamous 
cell carcinoma: opportunities for novel chemotherapeutic targets. J 
Otolaryngol Head Neck Surg. 2017; 46: 9. 

71. Wang Y, Guo W, Li Z, et al. Role of the EZH2/miR-200 axis in 
STAT3-mediated OSCC invasion. Int J Oncol. 2018; 52: 1149-64. 

72. Li Q, Sun H, Shu Y, et al. hMOF (human males absent on the first), an 
oncogenic protein of human oral tongue squamous cell carcinoma, 
targeting EZH2 (enhancer of zeste homolog 2). Cell Prolif. 2015; 48: 
436-42. 

73. Su KJ, Lin CW, Chen MK, Yang SF, Yu YL. Effects of EZH2 promoter 
polymorphisms and methylation status on oral squamous cell carcinoma 
susceptibility and pathology. American journal of cancer re-search. 
2015;5(11):3475. 

74. Wang C, Liu X, Chen Z, et al. Polycomb group protein EZH2-mediated 
E-cadherin repression promotes metastasis of oral tongue squamous cell 
carcinoma. Mol Carcinog. 2013; 52: 229-36. 

75. Li Z, Wang Y, Qiu J, et al. The polycomb group protein EZH2 is a novel 
therapeutic target in tongue cancer. Oncotarget. 2013; 4: 2532-49. 

76. Wu Y, Zhang L, Zhang L, et al. Long non-coding RNA HOTAIR 
promotes tumor cell invasion and metastasis by recruiting EZH2 and 
repressing E-cadherin in oral squamous cell carcinoma. Int J Oncol. 2015; 
46: 2586-94. 

77. Shih CH, Chang YJ, Huang WC, et al. EZH2-mediated upregulation of 
ROS1 oncogene promotes oral cancer metastasis. Oncogene. 2017; 36: 
6542-6554. 

78. Zhao L, Yu Y, Wu J, et al. Role of EZH2 in oral squamous cell carcinoma 
carcinogenesis. Gene. 2014; 537: 197-202. 

79. Cao W, Younis RH, Li J, et al. EZH2 promotes malignant phenotypes and 
is a predictor of oral cancer development in patients with oral 
leukoplakia. Cancer Prev Res (Phila). 2011; 4: 1816-24. 

80. Yokochi T, Poduch K, Ryba T, et al. G9a selectively represses a class of 
late-replicating genes at the nuclear periphery. Proc Natl Acad Sci U S A. 
2009; 106: 19363-8. 

81. Purcell DJ, Jeong KW, Bittencourt D, et al. A distinct mechanism for 
coactivator versus corepressor function by histone methyltransferase 
G9a in transcriptional regulation. J Biol Chem. 2011; 286: 41963–41971. 

82. Liu S, Ye D, Guo W, et al. G9a is essential for EMT-mediated metastasis 
and maintenance of cancer stem cell-like characters in head and neck 
squamous cell carcinoma. Oncotarget. 2015; 6: 6887-6901. 

83. Zhong X, Chen X, Guan X, et al. Overexpression of G9a and MCM7 in 
oesophageal squamous cell carcinoma is associated with poor prognosis. 
Histopathology. 2015; 66: 192-200. 

84. Vougiouklakis T, Sone K, Saloura V, et al. SUV420H1 enhances the 
phosphorylation and transcription of ERK1 in cancer cells. Oncotarget. 
2015; 6: 43162-71. 

85. Wu Y, Wang Y, Liu M, et al. Suv4-20h1 promotes G1 to S phase transition 
by downregulating p21WAF1/CIP1 expression in chronic myeloid 
leukemia K562 cells. Oncol Lett. 2018; 15: 6123-6130. 

86. Dambacher S, Hahn M, Schotta G. The compact view on 
heterochromatin. Cell Cycle. 2013; 12: 2925-2926. 

87. Maia LL, Peterle GT, Dos Santos M, et al. JMJD1A, H3K9me1, H3K9me2 
and ADM expression as prognostic markers in oral and oropharyngeal 
squamous cell carcinoma. PLoS One. 2018; 13: e0194884. 

88. Dorna D, Paluszczak J. The Emerging Significance of Histone Lysine 
Demethylases as Prognostic Markers and Therapeutic Targets in Head 
and Neck Cancers. Cells. 2022; 11: 1023. 

89. Tran KA, Dillingham CM, Sridharan R. The role of 
α-ketoglutarate-dependent proteins in pluripotency acquisition and 
maintenance. J Biol Chem. 2019; 294: 5408-5419. 

90. Martin D, Abba MC, Molinolo AA, et al. The head and neck cancer cell 
oncogenome: a platform for the development of precision molecular 
therapies. Oncotarget. 2014; 5: 8906-23. 

91. Kleszcz R, Skalski M, Krajka-Kuźniak V, et al. The inhibitors of KDM4 
and KDM6 histone lysine demethylases enhance the anti-growth effects 
of erlotinib and HS-173 in head and neck cancer cells. Eur J Pharm Sci. 
2021;166:105961.  

92. Egolf S, Capell BC. LSD1: a viable therapeutic target in cutaneous 
squamous cell carcinoma? Expert Opin Ther Targets. 2020;24(7):671-8.  

93. Lee MG, Wynder C, Cooch N, et al. An essential role for CoREST in 
nucleosomal histone 3 lysine 4 demethylation. Nature. 
2005;437(7057):432-5.  

94. Wang Y, Zhu Y, Wang Q, et al. The histone demethylase LSD1 is a novel 
oncogene and therapeutic target in oral cancer. Cancer Lett. 
2016;374(1):12-21.  

95. Ding X, Pan H, Li J, et al. Epigenetic activation of AP1 promotes 
squamous cell carcinoma metastasis. Sci Signal. 2013;6(273):ra28.1-13, 
S0-15.  

96. Björkman M, Östling P, Härmä V, et al. Systematic knockdown of 
epigenetic enzymes identifies a novel histone demethylase PHF8 
overexpressed in prostate cancer with an impact on cell proliferation, 
migration and invasion. Oncogene. 2012;31(29):3444-56.  

97. Hsia DA, Tepper CG, Pochampalli MR, et al. KDM8, a H3K36me2 
histone demethylase that acts in the cyclin A1 coding region to regulate 
cancer cell proliferation. Proc Natl Acad Sci U S A. 2010;107(21):9671-6.  

98. Yao Y, Zhou WY, He RX. Down-regulation of JMJD5 suppresses 
metastasis and induces apoptosis in oral squamous cell carcinoma by 
regulating p53/NF-kappaB pathway. Biomed Pharmacother. 
2019;109:1994-2004.  

99. Yang CY, Tsao CH, Hsieh CC, et al. Downregulation of Jumonji-C 
domain-containing protein 5 inhibits proliferation by silibinin in the oral 
cancer PDTX model. PLoS One. 2020;15(7):e0236101.  

100. Maia LL, Peterle GT, Dos Santos M, et al. JMJD1A, H3K9me1, H3K9me2 
and ADM expression as prognostic markers in oral and oropharyngeal 
squamous cell carcinoma. PLoS One. 2018;13(3):e0194884. 

101. Christensen J, Agger K, Cloos PA, et al. RBP2 belongs to a family of 
demethylases, specific for tri-and dimethylated lysine 4 on histone 3. 
Cell. 2007;128(6):1063-76.  

102. Enkhbaatar Z, Terashima M, Oktyabri D, et al. KDM5B histone 
demethylase controls epithelial-mesenchymal transition of cancer cells 
by regulating the expression of the microRNA-200 family. Cell Cycle. 
2013;12(13):2100-12.  

103. Hayami S, Yoshimatsu M, Veerakumarasivam A, et al. Overexpression 
of the JmjC histone demethylase KDM5B in human carcinogenesis: 
involvement in the proliferation of cancer cells through the E2F/RB 
pathway. Mol Cancer. 2010;9:59.  

104. Lin CS, Lin YC, Adebayo BO, et al. Silencing JARID1B suppresses 
oncogenicity, stemness and increases radiation sensitivity in human oral 
carcinoma. Cancer Lett. 2015;368(1):36-45.  

105. Jin S, Li M, Chang H, et al. The m6A demethylase ALKBH5 promotes 
tumor progression by inhibiting RIG-I expression and interferon alpha 
production through the IKKε/TBK1/IRF3 pathway in head and neck 
squamous cell carcinoma. Mol Cancer. 2022;21(1):97.  

106. Yun M, Wu J, Workman JL, et al. Readers of histone modifications. Cell 
Res. 2011; 21(4): 564-78.  

107. Butenko Y, Ohad N, et al. Polycomb-group mediated epigenetic 
mechanisms through plant evolution. Biochim Biophys Acta. 2011; 
1809(8): 395-406.  

108. Xiao J, Jin R, Yu X, et al. Cis and trans determinants of epigenetic 
silencing by Polycomb repressive complex 2 in Arabidopsis. Nat Genet. 
2017; 49(10): 1546-1552.  

109. Wang W, Qin JJ, Voruganti S, et al. Polycomb Group (PcG) Proteins and 
Human Cancers: Multifaceted Functions and Therapeutic Implications. 
Med Res Rev. 2015; 35(6): 1220-67.  

110. Sparmann A, van Lohuizen M, et al. Polycomb silencers control cell fate, 
development and cancer. Nat Rev Cancer. 2006; 6(11): 846-56.  

111. Farquharson KL, et al. A Novel Class of Histone Readers. Plant Cell. 
2018; 30(2): 262-263.  

112. Itahana K, Zou Y, Itahana Y, et al. Control of the replicative life span of 
human fibroblasts by p16 and the polycomb protein Bmi-1. Mol Cell Biol. 
2003; 23(1): 389-401.  

113. Kang MK, Kim RH, Kim SJ, et al. Elevated Bmi-1 expression is associated 
with dysplastic cell transformation during oral carcinogenesis and is 
required for cancer cell replication and survival. Br J Cancer. 2007; 96(1): 
126-33.  

114. Sauvageau M, Sauvageau G, et al. Polycomb group proteins: 
multi-faceted regulators of somatic stem cells and cancer. Cell Stem Cell. 
2010; 7(3): 299-313.  

115. Ribeiro IP, Barroso L, Marques F, et al. Early detection and personalized 
treatment in oral cancer: the impact of omics approaches. Mol Cytogenet. 
2016; 9: 85.  

116. Reddy MS, Shetty SR, Vannala V, et al. Embracing personalized 
medicine in dentistry. J Pharm Bioall Sci. 2019; 11:S92-6. 

117. Colacino JA, Dolinoy DC, Duffy SA, et al. Comprehensive analysis of 
DNA methylation in head and neck squamous cell carcinoma indicates 
differences by survival and clinicopathologic characteristics. PLoS One. 
2013; 8(1): e54742. 

118. Pierini S, Jordanov SH, Mitkova AV, et al. Promoter hypermethylation of 
CDKN2A, MGMT, MLH1, and DAPK genes in laryngeal squamous cell 
carcinoma and their associations with clinical profiles of the patients. 
Head Neck. 2014; 36(8): 1103-8. 



 Journal of Cancer 2025, Vol. 16 

 
https://www.jcancer.org 

1590 

119. Zhao S, Allis CD, Wang GG, et al. The language of chromatin 
modification in human cancers. Nat Rev Cancer. 2021; 21(7): 413-430.  

120. Braakhuis BJ, Brakenhoff RH, Leemans CR, et al. Second field tumors: a 
new opportunity for cancer prevention? Oncologist. 2005; 10(7): 493-500. 

121. Krzyszczyk P, Acevedo A, Davidoff EJ, et al. The growing role of 
precision and personalized medicine for cancer treatment. Technology 
(Singap World Sci). 2018;6(3-4):79-100.  

122. Ganesan A, Arimondo PB, Rots MG, et al. The timeline of epigenetic 
drug discovery: from reality to dreams. Clin Epigenetics. 2019; 11(1):174.  

123. Rogenhofer S, Kahl P, Holzapfel S, et al. Decreased levels of histone 
H3K9me1 indicate poor prognosis in patients with renal cell carcinoma. 
Anticancer Res. 2012; 32(3):879-86. 

124. Xia R, Zhou R, Tian Z, et al. High expression of H3K9me3 is a strong 
predictor of poor survival in patients with salivary adenoid cystic 
carcinoma. Arch Pathol Lab Med. 2013;137(12):1761-9.  

125. Ignatiadis M, Sledge GW, Jeffrey SS, et al. Liquid biopsy enters the clinic 
- implementation issues and future challenges. Nat Rev Clin Oncol. 
2021;18(5):297-312.  

126. Preethi KA, Selvakumar SC, Ross K, et al. Liquid biopsy: Exosomal 
microRNAs as novel diagnostic and prognostic biomarkers in cancer. 
Mol Cancer. 2022;21(1):54.  

127. Zhang C, Li H, Wang Y, et al. Epigenetic inactivation of the tumor 
suppressor gene RIZ1 in hepatocellular carcinoma involves both DNA 
methylation and histone modifications. J Hepatol. 2010;53:889-895.  

128. Fraga MF, Esteller M, et al. Towards the human cancer epigenome: a first 
draft of histone modifications. Cell Cycle. 2005;4(10):1377-81.  

129. Yang ZQ, Imoto I, Fukuda Y, et al. Identification of a novel gene, GASC1, 
within an amplicon at 9p23-24 frequently detected in esophageal cancer 
cell lines. Cancer Res. 2000;60(17):4735-9. 

130. Falnes PØ, Jakobsson ME, Davydova E, et al. Protein lysine methylation 
by seven-β-strand methyltransferases. Biochem J. 
2016;473(14):1995-2009.  

131. Hatzimichael E, Crook T, et al. Cancer epigenetics: new therapies and 
new challenges. J Drug Deliv. 2013;2013:529312.  

132. Straining R, Eighmy W, et al. Tazemetostat: EZH2 Inhibitor. J Adv Pract 
Oncol. 2022;13(2):158-163.  

133. Han D, Huang M, Wang T, et al. Lysine methylation of transcription 
factors in cancer. Cell Death Dis. 2019;10(4):290.  

134. Chu L, Tan D, Zhu M, et al. EZH2 W113C is a gain-of-function mutation 
in B-cell lymphoma enabling both PRC2 methyltransferase activation 
and tazemetostat resistance. J Biol Chem. 2023;299(4):103073.  

135. Kubicek S, O'Sullivan RJ, August EM, et al. Reversal of H3K9me2 by a 
small-molecule inhibitor for the G9a histone methyltransferase. Mol Cell. 
2007;25(3):473-81.  

136. Honma D, Kanno O, Watanabe J, et al. Novel orally bioavailable EZH1/2 
dual inhibitors with greater antitumor efficacy than an EZH2 selective 
inhibitor. Cancer Sci. 2017;108(10):2069-2078. 


