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Abstract
Epigenetics is the study of inheritable changes in gene expression without changes in the underlying deoxy-
ribonucleic acid (DNA) sequence. The main mechanisms of epigenetic regulation include DNA methylation, 
modifications in histones, and micro-ribonucleic acids (miRNA). Recent research evidence has shown that 
environmental and lifestyle factors dynamically interact with the genome, influencing epigenetic changes, 
from development to the later stages of life. This happens across a spectrum, from physiological to pathological 
conditions, such as genetic defects, developmental disorders, infectious or inflammatory processes, cancers, 
mental disorders, and substance abuse. Epigenetic studies have been conducted in various medical disciplines 
(e.g., oncology, internal medicine or psychiatry), adding valuable insight to standard medical approaches. 
However, in stomatology, epigenetic research is still in its infancy; thus, this review is aimed at presenting 
the role of epigenetic mechanisms in diseases of the oral cavity, including periodontal diseases, caries, 
developmental anomalies, and oral carcinoma. In addition, this paper reveals new insights into epigenetic 
biomarkers that can be helpful in the detection, early diagnosis, prognosis, and treatment of different oral 
diseases. Moreover, this review is focused on the possible clinical implications (diagnostic and therapeutic) 
of epigenetics, in the form of some noninvasive methods that can possibly be used in the future for the 
screening, work-up, outcome prediction and novel treatments of some dental diseases. Finally, this paper 
highlights that an epigenetic approach can be useful for designing novel interventions that will improve the 
management of oral malignancies or developmental abnormalities.
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carcinoma
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Introduction

One of the biggest challenges in contemporary medicine 
is a deeper understanding of disease pathophysiology, since 
this knowledge can create novel diagnostic and therapeutic 
methods to potentially reduce the prevalence of various 
chronic diseases or developmental defects. Deoxyribo-
nucleic acid (DNA) has so far been regarded as the only 
source of genetic information. If, however, genes which 
encode proteins are so important, why do they constitute 
only 2% of the human genome? In an attempt to explain 
this topic, recent research has indicated that in our cells, 
in addition to the genome (or the “first code”), there is also 
an epigenome (or the “second code”), which is a controlling 
superstructure of the “first code”.1

Moreover, a modern approach to disease pathophysi-
ology combines the current knowledge of genomic and 
environmental influences, and this connection is the main 
subject of a new medical science – epigenetics – that ex-
plores non-genomic inheritance.1

Since environmental and lifestyle factors can interact 
with the genome and can influence epigenetic changes, epi-
genetics can shed new light on the etiopathology of some 
genetic defects, developmental anomalies, mental or be-
havioral disorders, infectious or inflammatory changes, 
precancerous or cancerous conditions, and many other 
abnormalities.2 Due to the fact that epigenetic mecha-
nisms are reversible, they can be affected by different fac-
tors, such as diet, medications, physical activity, mental or 
physical stress, traumatic events, environmental toxins, 
and addictive substances (e.g., nicotine and alcohol).2,3

Epigenetics is  mostly a  domain of  genetics, biology, 
internal medicine, oncology, or psychiatry. In contrast, 
in stomatology, epigenetic research is still in its infancy. 
However, it should be noted that epigenetic mechanisms 
play an important role in gene expression during dental 
development (from the 6th week of gestation to approx. the 
20th year of life), and that the potential impact of many 
environmental factors, over such a long period of time, can 
significantly disturb normal developmental processes and 
can influence the development of various oral diseases. 
Therefore, an understanding of epigenetic mechanisms 
is essential to the future implications for research and 
practice in the area of dentistry.3,4

This review aims to describe the role of epigenetic mech-
anisms in diseases of the oral cavity, including periodontal 
diseases, dental caries, developmental anomalies, and oral 
carcinomas. Moreover, it presents some insight into epi-
genetic biomarkers, which can be beneficial in the early 
detection, diagnosis, prognosis, and treatment of different 
oral diseases. Finally, it highlights that epigenetics (in ad-
dition to current standard treatments) can be useful for 
designing novel interventions that will improve the man-
agement of some inflammatory processes, developmental 
abnormalities or malignancies in stomatology.

Epigenetic mechanisms  
and their relevance to oral 
diseases

Epigenetic mechanisms are “in charge” of transcription-
al control (which regulates gene expression), and their in-
teractions modify the structure and function of chromatin. 
Epigenetic modifications occur across the lifespan of the 
individual (from intrauterine environment to advanced 
age), and by altering gene expression patterns, they con-
tribute to various cellular phenotypes.4–6 The key epigen-
etic mechanisms – including DNA methylation, histone 
modification and non-coding RNAs – and their relevance 
to oral diseases are briefly presented below.

DNA methylation

The  process of  DNA methylation, which represents 
the most characterized type of chromatin modification, 
involves the transfer of a methyl group (CH3) from S-
adenosyl methionine (SAM) to cytosines present in cyto-
sine-phosphate-guanine (CpG) dinucleotides of the DNA 
chain. The CpG sequences that are located throughout 
the genome are usually highly methylated and germline-
specific. The CpG methylation results in transcriptional 
repression.4,5 Abnormal methylation states can therefore 
lead to disease development. For instance, hypometh-
ylation changes in DNA are related to chromosome in-
stability that may lead to cancer. Based on recent stud-
ies in stomatology, DNA methylation patterns can be 
changed by inflammatory processes. Furthermore, altera-
tions in DNA methylation patterns and cytokine gene 
expression can be seen in chronic periodontitis. Also, 
methylation patterns can differ between healthy and in-
flamed dental pulp.4,5

Histone modifications

A basic unit of chromatin, the nucleosome, consists 
of a DNA segment and 8 core histones. Such an octamer 
has 2 copies of H2A, H2B, H3, and H4, and creates a rigid 
structure to chromatin. During post-translational modifi-
cation of the core histones, chromatin can be condensed or 
relaxed. This is a key epigenetic mechanism that regulates 
gene transcription. The modification of histones predomi-
nantly occurs at the N-terminal tails of the protein. Acety-
lation of the core histones leads to an “open” chromatin 
structure that enables transcription (e.g., the acetylated 
N-termini promote a more relaxed conformation of the 
chromatin, which permits the recruitment of the basic 
transcription factors). In contrast, histone deacetylases 
remove the acetyl groups, so that the chromatin become 
more condensed (which represses gene transcription). His-
tone methylation can cause either an activated or a re-
pressed chromatin state.4,5
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Recent studies have reported that histone modifications 
may induce differentiation and mineralization in dental 
pulp stem cells. Histone acetylation and deacetylation play 
a crucial role in the regulation of gene expression. This, 
in turn, can promote pulp repair and regeneration, and 
thus, may be useful in restorative stomatology.4

Noncoding RNAs

Noncoding RNAs are RNA molecules that do not encode 
for protein. They include transfer RNAs (tRNAs), ribo-
somal RNAs (rRNAs), microRNAs (miRNAs), and short-
interfering RNAs (siRNAs). Both miRNAs and siRNAs  
can regulate gene expression without altering the DNA 
sequence.4 It has been reported that noncoding RNAs 
are involved in oral diseases such as oral cancer. Also, 
it has been demonstrated that miRNAs play essential roles 
in odontoblast differentiation.4,5

Periodontal diseases

Periodontal diseases are pathological processes involving 
the periodontium (including the gums [gingiva], the alveo-
lar bone [alveolar process], the dental cementum, and the 
periodontal ligament). They represent a significant pub-
lic health problem worldwide and affect up to 70% of the 
population, regardless of gender or age. The main causes 
of periodontal diseases include poor oral hygiene, bruxism, 
malocclusion, and some general medical diseases, as well 
as improper fillings and prosthetic appliances. Recently, 
it has been considered that the epigenetic mechanisms 
contribute to the development of periodontal diseases, 
since they often occur during inflammation, are localized 
(e.g., on the border of the biofilm of the gums around the 
teeth) and differ depending on the location.7

Chronic periodontitis

Chronic periodontitis is an inflammatory disease af-
fecting the tooth support structures. It is usually caused 
by interactions between periodontal pathogens and an im-
munological response of the host. Epigenetic mechanisms 
might contribute to the development of chronic periodon-
titis (Table 1), by influencing the expression of the genes 
participating in  the immunological and inflammatory 
responses.8

In particular, according to the study by de Faria Amor-
mino et al., it was shown that the toll-like receptors (TLR) 
play an important role in the response to bacterial infec-
tions. These receptors are mostly located in the areas that 
are potential “gates” for infection.9

In  addition, the authors of  the study compared the 
methylation status and the expression of the TLR2 gene 
in samples of gum tissue derived from patients with chron-
ic periodontitis (study group) and from healthy individuals 

(control group). The results showed that in patients with 
periodontitis, there is hypermethylation and low expres-
sion of the TLR2 gene, comparing to the control group. 
In addition, a correlation was found between the meth-
ylation level and the degree of inflammation (e.g., less vs 
more advanced).9

According to some earlier studies, a decreased expres-
sion of E-cadherin is characteristic of certain carcino-
mas, including breast, lung, prostate, stomach, and co-
lon cancers.10 Likewise, an altered E-cadherin expression 
plays a role in the progression of chronic periodontitis.11 

In addition, translational research studies conducted by  
Loo et al. explored some epigenetic changes in E-cadherin 
and cyclooxygenase 2 (COX-2) that occur simultaneously 
in cancer and in chronic periodontitis. In particular, it was 
found that in the patients with breast cancer and in the 
ones with chronic periodontitis, both E-cadherin and 
COX-2 were hypermethylated, in contrast to the control 
group. The authors emphasize that chronic periodontitis 
can, to some degree, be associated with hypermethylation 
of DNA, which is related to cancer risk factors. In addi-
tion, they believe that further studies on similar epigenetic 
changes might be very useful in diagnosing and treating 
chronic periodontitis.12

Similarly, the results of another study have revealed that 
an increase of acetylation in the histone H3K9 and in the 
promotor CBP/p300, and a decrease in the activity of his-
tone deacetylase caused an increased expression of proin-
flammatory cytokines (such as IL-1, IL-2, IL-8, and IL-12), 
and the development of chronic periodontitis.13 In some 
other studies, it was also found that in chronic periodon-
titis, hypermethylation of the promoter of the prostaglan-
din-endoperoxide synthase 2 (PTGS2) resulted in reduced 
COX-2 expression.14 In this way, some epigenetic biomark-
ers relevant to hypermethylation or hypomethylation have 
been suggested as being helpful for a better understand-
ing of the pathophysiology of chronic periodontitis. They 
include: 1. hypermethylation and decreased expression 
of the tumor necrosis factor (TNF-α) and cyclooxygenase 2 
(COX-2) and 2. hypomethylation and increased expression 
of interferon γ (IFN-γ), transcriptional factors (e.g., nuclear 
factor κB [NF-κB]), and signal transducer and activator 
of transcription (STAT) proteins.15,16

Aggressive periodontitis

Aggressive periodontitis, including localized aggressive 
periodontitis (LAP) and generalized aggressive periodonti-
tis (GAP), is a type of periodontal disease with some spe-
cific features (Table 1). Although it is much more rare than 
chronic periodontitis, it usually affects younger patients, 
who are otherwise in good health. In contrast to chronic 
periodontitis, the main characteristics of aggressive peri-
odontitis (both LAP and GAP) include rapid bone destruc-
tion, a discrepancy between the amounts of microbial de-
posits and the severity of the periodontal tissue destruction, 
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impaired neutrophil functions, abnormal chemotaxis and 
phagocytosis processes, hyperresponsive macrophage phe-
notypes (e.g., elevated levels of prostaglandin E2 [PGE2] and 
interleukin 1β [IL-1β]), as well as the typical involvement 
of a certain tooth (e.g., numbers 1–2 and 6–7).17 Epigen-
etic modifications influence the immunological response 
that plays a key role in aggressive periodontitis. In a study 

of patients with acute periodontitis, Schulz et al., for the 
first time, examined the methylation of CpG in 22 inflam-
matory gene candidates (ATF2, CCL25, CXCL14, CXCL3, 
CXCL5, CXCL6, FADD, GATA3, IL10RA, IL12A, IL12B, 
IL13, IL13RA1, IL15, IL17C, IL17RA, IL4R, IL6R, IL-6,  
IL7, INHA, and TYK2). They found that the methylation 
of CpG chemotactic cytokine 25 (CCL25) and interleukin 

Table 1. Epigenetic mechanisms in common diseases of the oral cavity and their potential clinical implications: emerging epigenetic biomarkers for 
prediction or diagnosis

Diseases of oral cavity Epigenetic mechanisms regulating gene expression/transcriptional control; 
type of disease and comments regarding epigenetic biomarkers 

Author,
year of publication and

reference number

Periodontal diseases:
– chronic periodontitis
– aggressive periodontitis

hypermethylation and low transcription of TLR2 gene;
chronic periodontitis

de Faria Amormino et al., 
20139

hypermethylation and decreased expression of E-cadherin;
hypermethylation and decreased expression of cyclooxygenase 2 (COX-2);

chronic periodontitis
Loo et al., 201012

hypermethylation and decreased expression of tumor necrosis factor α (TNF-α);
hypomethylation and increased expression of interferon γ (IFN-γ), nuclear factor κB (NF-κB), 

signal transducers and activators of transcription (STAT) proteins;
chronic periodontitis

Lindroth et al., 201315

DNA methylation in chemotactic cytokine 25 (CCL25) and interleukin 17C (IL17C) genes;
aggressive periodontitis

Schulz et al., 201617

Dental caries
Pulpitis

DNA methylation in alkaline phosphatase (ALP) gene;
regulation of ALP in human osteoblastic cells 

Delgado-Calle et al., 201124

hypomethylation and increased expression of metylotransferase DNMT1 and TET proteins;
amelogenesis process

Yoshioka et al., 201527

DNA methylation, histone modifications and altered activity of miRNA – interferon γ (IFN-γ), 
tumor necrosis factor α (TNF-α), interleukins (IL-1, IL-6, IL-8, IL-10, IL-17);

dental pulp inflammation/pulpitis
Hui et al., 201729

methylation of NF-κB, FOXP3, STAT and IRF;
epigenetic regulation in dental pulp inflammation

Hui et al., 201729

Pulpitis
histone deacetylase inhibitors (HDACis) – increased expression of bone morphogenetic 

protein 2 (BMP-2)
HDACis epigenetically promote reparation in primary dental pulp cells (DPC)

Duncan et al., 201333 and Qiu 
et al., 201734

Cleft lip/palate

DNA methylation in Clf2 gene;
an epigenetic component in the multifactorial etiology of cleft lip and palate

Plamondon et al., 201137

all-trans retinoic acid (ATRA) – DNA methylation within CpG islands;
maternal exposure to ATRA and cleft lip/palate

Kuriyama et al., 200840

valproic acid – inhibition of histone;
deacetylase 

Ornoy et al., 200944

Skeletal malocclusion 

increased expression of molecular motor MYO1C, acetyltransferase KAT6B and osteogenetic 
transcription factor RUNX2 genes in human masseter muscle;

contributing factors to the development of malocclusion
Desh et al., 201446

increased expression of KAT6B and HDAC4 genes;
epigenetic influence of KAT6B and HDAC4 in the development of malocclusion

Huh et al., 201350

altered DNA methylation patterns in RUNX2 and alkaline phosphatase (ALP) genes;
gingival fibroblast/osteoblast transdifferentiation through epigenetic mechanisms

Cho et al., 201751

Hypodontia
Anodontia

increased DNA methylation in 6636 genes;
DNA methylation as critical factor for tooth agenesis (e.g., anodontia, hypodontia)

Wang et al., 201653

Oral squamous cell 
carcinoma (OSCC)
Emerging epigenetic 
biomarkers

DNA methylation in gamma-aminobutyric acid B receptor 1 – GABBR1 (cg21022792) gene;
innovative DNA methylation target in oral rinse samples as prediction of survival in OSCC

Langevin et al., 201457

DNA methylation in WT1, MSH6, GATA5 and PAX5 genes;
possible epigenetic biomarkers in OSCC

Ribeiro et al., 201658

DNA methylation in PTEN and p16 genes;
possible epigenetic biomarkers in OSCC

Sushma et al., 201659

DNA methylation in γ-synuclein (SNCG) gene;
γ-synuclein expression as a Malignant Index in OSCC

Cheng et al., 201660
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17C (IL17C) was substantially lower than healthy periodon-
tal tissues. Therefore, the decrease of CpG methylation 
probably accompanies an increase of expression of these 
genes. That, in turn, can lead to the increased availability 
of CCL25 (which is relevant to T-cell development) and 
IL17C (which regulates innate epithelial immune respons-
es), causing pro-inflammatory reactions and contributing 
to a loss of attachment of the tooth in the alveolar fossa. 
Such epigenetic modifications can be triggered by many 
different external and internal factors (e.g., bacteria and 
demographic or socio-economic factors).17

Dental caries

Dental caries is a localized destruction of the tooth sur-
face, initiated by decalcification of the enamel and fol-
lowed by enzymatic lysis of organic structures, leading 
to cavity formation. If  this condition is  left unchecked 
and untreated, the cavity can penetrate the enamel and 
dentin, and then extend to the pulp.18 Tooth formation 
begins around the 34th day of fetal life, and at this moment 
the process of amelogenesis (enamel formation) also be-
gins. Amelogenesis is influenced by several internal (e.g., 
fever, hypoxia, lack of nutrients, and toxins) and exter-
nal factors (e.g., antibiotics, environmental pollution and 
socio-economic status).18 Interestingly, some additional, 
novel factors, such as the impact of traumatic experiences 
of a pregnant mother on the development of the fetus, 
and later on, the child’s dental structures, including early 
childhood caries (ECC), have been proposed.19

Furthermore, based on a study of 314 pairs of twins, 
aged from 1.5 to 8 years, it was found that if a pregnant 
mother suffers from depression, then the risk of ECC in her 
child increases.20 In addition, in a study by Hughes et al., 
in which 1,200 pairs of twins were examined using modern 
molecular methods, it was determined that epigenetic and 
environmental factors influenced tooth development and 
oral health. In particular, it was confirmed that genetic 
factors strongly influenced variation in the timing of pri-
mary tooth emergence. Also, ongoing follow-up clinical 
examinations of the twins are being conducted to examine 
whether those who become colonized earlier with decay-
forming bacteria will develop dental decay at an earlier age. 
In this way, a comparison within and between monozygotic 
and dizygotic twin pairs will help to explain the interac-
tions between genetic, epigenetic and environmental fac-
tors, and their impact on oral health and disease.21

It should be highlighted that the concept of induced plu-
ripotency (an “instrument” to obtain patient-specific stem 
cells) may provide some insight into the inter-relationships 
between transcription factors and chromatin structure and 
dynamics, which could be useful in stomatology. In par-
ticular, during cell differentiation, methylation of DNA 
might be the last step in the direction toward stabilization 
of cellular “destiny” (cellular reprogramming).22

This process is catalyzed by DNA methyltransferases 
(DNMTs) DNMT1 and DNMT3. DNMT1 is responsible 
for maintaining methylation in de novo formatted DNA 
strands, post replication, while DNMT3a and DNMT3b 
participate in de novo methylation during the embryonal 
processes of development and cell differentiation.23

DNA methylation contributes to the regulation of the 
functions of the osteoblasts, osteocytes, osteocalcin, and 
sclerostin. Moreover, DNA methylation plays a crucial role 
in controlling the expression of the alkaline phosphatase 
(ALP) gene, which regulates the transition of osteoblasts 
into osteocytes.24,25 Recent studies have revealed that the 
ten-eleven translocation (TET) protein family (TET1, 
TET2, and TET3) plays a main role in the demethylation 
of DNA. In particular, they interact with proteins of com-
plexes participating in histone modifications, and by influ-
encing their activity and ability to bind to chromatin, they 
can change the methylation profile or histone acetylation. 
It should be noted that a decreased expression of the TET 
genes is related with the development and progression 
of different types of malignancies, and that an increased 
expression of the TET genes is related with the amelogen-
esis process.26,27 In addition, it has been revealed that the 
methylation of cytosine correlates with enamel develop-
ment, especially during early developmental stages (e.g., 
the expression levels of methyltransferase DNMT1 during 
the early developmental stages were almost 3 times higher 
than those during the late stages). A similar correlation was 
found in regard to the expression levels of the TET protein 
family (e.g., the levels of expression of TeT1 were 3 times 
higher in the early developmental stages than in the late 
stages). Since the DNMT methyltransferases and the TET 
protein family appear to be the main factors for epigenetic 
reprogramming (Table 1), it  is highly probable that the 
dynamic changes of cytosine methylation can be essential 
in the regulation of amelogenesis.27

In their studies on the correlations between epigenetic 
changes and the development of dental caries in chil-
dren, Fernando et al. examined 3,000 families (from 2006 
to 2011). In each of these families, the periods of preg-
nancy, childhood and adulthood were assessed and for the 
epigenetic tests, saliva samples were collected. However, 
until now, only pilot studies have been conducted, and 
due to the small sample sizes, it was impossible to draw 
meaningful conclusions. However, there is hope that in the 
future these pioneering studies on epigenetic variability 
in dental caries in children may provide some evidence 
of associations between epigenetic variability and social 
or environmental factors causing caries in the pediatric 
population.28

Pulpitis

Pulpitis is a complication of untreated dental caries that 
develops due to the harmful action of some strains of bac-
teria causing decay, as well as to trauma or other adverse 
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factors. The inflammatory reaction of pulp is regulated 
by epigenetic modifications, in which environmental fac-
tors play an enormous role, as proinflammatory triggers. 
According to some recent research in stomatology, epi-
genetic changes (e.g., DNA methylation) can occur due 
to environmental changes, both external and internal, in-
cluding inflammatory lesions, dysbiosis, immune system 
compromise, or abnormalities in cytokine regulation.4,15

According to the studies by Hui et al., it was determined 
that the epigenetic regulation of dental pulp inflamma-
tion occurs via the processes of DNA methylation, histone 
modification and changed activity of miRNA. At these 3 
levels, the dynamic modulations of interferon γ (IFN-γ), 
TNF-α and a number of interleukins (e.g., IL-1, IL-6, IL-8, 
IL-10, and IL-17) play a main role in pulp inflammation.29,30

It should be noted that over the last 10 years, tissue en-
gineering has gained a lot of attention, since it can offer 
an innovative approach to dental pulp regeneration, after 
damage due to an inflammation or other types of injury. 
These innovative strategies, aimed at regaining the tissue 
and restoring its function, are related to de novo dental 
pulp regeneration (e.g., filling the canal with vital tissues 
rather than filling it with artificial materials). In particular, 
in the case of pulp regeneration, the goal is to reestablish 
pulp and dentin tissues in the canal space. This includes 
revitalization or revascularization. Although this is diffi-
cult to achieve, some novel approaches have been proposed, 
such as cell-based (e.g., transplanting exogenous cells into 
the host) and non-cell-based revitalization procedures. 
However, there are still some unresolved issues that have 
to be investigated in research studies prior to the possible 
introduction of these techniques into dental practice.31,32

Current research has revealed that histone modification 
might induce the differentiation and regeneration of stem 
cells of the dental pulp via hypoacetylation, exerted enzy-
matically by the histone deacetylase (HDAC). The HDAC 
inhibitors (HDACIs) inhibit the activity of HDAC and 
alter the level of histone acetylation (Table 1). This may 
represent a  potential new approach to  the treatment 
of many dental diseases, (e.g., via promoting reparative 
processes in primary dental pulp cells).33 Furthermore, 
in recent neuropsychopharmacological studies, 2 inhibi-
tors of the histone deacetylase – valproic acid (VPA) and 
trichostatin A (TSA) – were examined, focusing on their 
influence on inducing the reparative responses in stem 
cell cultures of primary dental pulp cells (DPC).34 For in-
stance, it was found that the administration of HDACIs 
stimulates, to a large degree, osteopontine and the expres-
sion of a growth factor – bone morphogenetic protein 2 
(BMP-2). In addition, the HDACIs also promote differen-
tiation of the pulp’s stem cells without cytotoxic effects. 
These new data underscore the potential related to the 
possible use of low HDACI concentrations in the treatment 
of pulpitis. Moreover, it was found that HDACIs might be 
used as potentially new medications in monotherapy, or 
in combination with other pharmacological agents.34

It should be underscored that epigenetic mechanisms 
such as the acetylation and deacetylation of histones play 
a key role in the regulation of gene expression and might 
promote reparative changes of the pulp, offering the pos-
sibility of an innovative dental therapy in the future.35

Birth defects

Cleft lip and/or palate

Cleft lip and cleft palate (or facial cleft) is a group of con-
ditions including cleft lip, cleft palate and both together. 
A cleft lip is an opening in the upper lip, extending into the 
nose, and a cleft palate is a condition where the roof of the 
mouth has an opening into the nose. Cleft lip and palate are 
birth defects that are caused by the improper joining of the 
tissues of the face during development. These defects can 
cause feeding difficulties, speech abnormalities, hearing 
impairment, and frequent ear infections. Cleft lip and/or  
palate, is one of the most prevalent birth defects in the 
human population (e.g., it occurs in approx. 1 per 1,000 
births in the developed world and in 2–3 per 1,000 births 
in Poland).36

An animal model of human cleft lip and palate are the 
A/WySn mouse strain, in which the cleft occurs in 20% 
of  the population. Plamondon et  al. have found that 
in mice, epigenetic modifications in the form of methyla-
tion in the Clf2 gene contribute to the development of the 
cleft.37 In humans, genetic (e.g., maternal diseases) and 
environmental factors (e.g., maternal nutritional habits and 
substance use or dependence disorders, such as tobacco 
smoking, alcohol, addictive medications, or illegal drug 
use) are responsible for the development of this defect. 
These environmental factors, predominantly including 
tobacco smoking, influence the gene expression.

Based on a meta-analysis by Little et al. that included 
data from 32 case-control and cohort studies, it was re-
ported that there is a statistically significant correlation 
between maternal tobacco smoking and cleft lip, with or 
without cleft palate, and also between maternal tobacco 
smoking and cleft palate. The authors suggest that this 
evidence is  so strong that it can support anti-nicotine 
campaigns.38 On the other hand, according to the results 
of a study by Grosen et al. that examined a population 
of twins with cleft lip/palate from the Danish Twin Reg-
istry (including 9,146 people who were born in the years 
1936–2004), such a  correlation was not determined.39 
Furthermore, there is growing evidence indicating that 
epigenetic processes play a role in abnormal craniofacial 
formation. For instance, in 2008, Kuriyama et al. showed 
that in newborn mice, methylation of DNA – in specific 
dinucleotide sequences of CpG – induced the formation 
of cleft palate (Table 1), when their pregnant mothers were 
given a preparation of all-trans retinoic acid (ATRA).40 
Also, it should be noted that epigenetic mechanisms are 
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related not only to the changes of DNA and histones, but 
also occur at the level of microRNA (miRNA), which par-
ticipates in the regulation of 30% of human genes, con-
tributing to normal cell development. Recent studies have 
shown that miRNA regulates the processes of proliferation, 
differentiation and apoptosis of cells which are necessary 
to normal embryonic development.41 Moreover, it has been 
shown that in animal models, during the development 
of maxillary and facial tissues, different types of miRNA 
play a key role in ontogenesis (e.g., regulating a protein 
cytoskeleton, influencing growth factors, and modulat-
ing signal transduction and transcriptional factors).42,43 

In addition, the influence of valproic acid used by preg-
nant mothers on the development of cleft palate in their 
children was examined by Ornoy (Table 1). The results 
of this study suggest that valproic acid (which inhibits the 
histone deacetylase) causes changes in gene expression and 
contributes to the development of this defect.44

Skeletal malocclusion

A skeletal malocclusion is a misalignment or incorrect 
relationship between the teeth of the 2 dental arches when 
they approach each other as the jaws close. Malocclusion 
is classified as follows:

– class I, neutrocclusion, in which the molar relation-
ship of the occlusion is normal (e.g., for the maxillary 1st 
molar), though the other teeth have some abnormalities 
(e.g., spacing, crowding, and over- or under-eruption);

– class II, distocclusion (retrognathism or overbite), 
where the mesiobuccal cusp of the upper 1st molar is not 
aligned with the mesiobuccal groove of the lower 1st molar 
(it is anterior to it); and

– class III, mesiocclusion (prognathism, anterior cross-
bite or underbite), in which the upper molars are not placed 
in the mesiobuccal groove, but posteriorly to it (the me-
siobuccal cusp of the maxillary 1st molar lies posteriorly 
to the mesiobuccal groove of the mandibular 1st molar) and 
the lower front teeth are usually more prominent than the 
upper front teeth (e.g., a large mandible or a short maxil-
lary bone).

The skeletal muscles that are involved in movements 
of the jaws are very flexible, and able to react or adapt 
to different physiological stimuli, via contraction or release. 
According to the pioneering studies by Pandorf et al. on the 
epigenetic mechanisms affecting these skeletal muscle fi-
bers, it was revealed that histone modifications at the myo-
sin heavy chain (MHC) genes occur in the locus of these 
genes (e.g., in response to muscle unloading).45 It should 
be highlighted that the main transcription factor regulat-
ing osteogenetic processes is the Runt-related transcrip-
tion factor 2 (RUNX2), and its expression in osteoblasts 
and osteoprogenitor cells is crucial for these processes. 
In particular, in patients who underwent a surgical treat-
ment of class II or class III malocclusion in their masseter 

muscle, the expression of the MYO1C gene (which encodes 
myosin 1C) and of acetyltransferase KAT6B (which ac-
tivates RUNX2) were examined (Table 1). The findings 
of this study indicated that the abovementioned epigenetic 
modifications contributed to the development of maloc-
clusion.46 Furthermore, it was determined that there were 
highly significant associations between MYO1C and the 
KAT6B expressions. Therefore, the change in expression 
of the myosin genes confirms that the differences in fiber 
type in the masseter muscle are important contributors 
to osteogenesis and to the development of malocclusion.47 

Over the last 10 years, research related to epigenetic con-
trol of skeletal muscle fiber types and osteogenesis has rap-
idly emerged.48 These epigenetic mechanisms often include 
acetylation of lysine residues in the chromatin through 
acetyltransferases (KAT) and deacetylases (HDAC) of the 
histones.49 In a study by Huh et al., conducted among pa-
tients undergoing surgical procedures for malocclusion, 
biopsies of the masseter muscle were obtained, and myo-
sin genetic variability (contributing to the development 
of class III malocclusion) was examined. In particular,  
2 functionally connected enzymes –  KAT and HDAC 
– were compared, to determine their correlations with 
the muscular–skeletal system during the development 
of malocclusion (Table 1). The data from this study support 
the results of some other published reports related to the 
epigenetic regulation of muscle and bone growth. In par-
ticular, it was shown that the expression of the KAT6B 
and HDAC4 genes was a few times higher in the masseter 
muscles of patients with a “deep bite” than in the ones with 
an “open bite.” In addition, in patients with class III mal-
occlusion, the expression of these genes was significantly 
higher than in patients with class II malocclusion. There-
fore, the authors suggest that epigenetic regulation through 
coordination of the actions of both KAT6B and HDAC4 
can be essential for the entire motor complex of mastica-
tion, during the development of skeletal malocclusion.50

One of the unresolved issues in stomatology is alveolar 
bone resorption, due to periodontal diseases, inflamma-
tory processes, or traumatic injuries. To address this prob-
lem, Cho et al. analyzed the osteogenic potential of human 
gingival fibroblasts (HGFs) via a direct transdifferentiation 
(stem cell reprogramming and differentiation, not only 
to tissues of origin, but also to other tissues) from HGFs 
to functional osteoblasts, through epigenetic modifica-
tion and osteogenic signaling, with bone morphogenetic 
protein 2 (BMP2). It turned out that HGF treatment with 
5-aza-2’-deoxycytidine (5-aza-dC) induced demethylation 
in the hypermethylated CpG islands of the osteogenic lin-
eage marker genes RUNX2 and ALP. Furthermore, subse-
quent BMP2 treatment drove the fibroblasts to osteoblast 
lineage.

The osteoblastic alterations, mediated by epigenetic 
modifications, demonstrated the changed methylation pat-
terns in the RUNX2 and ALP promoter regions, as well as 
their effect on gene expression (Table 1). Based on these 
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findings, the authors concluded that the epigenetic modi-
fication permits the direct programming of HGFs into 
functional osteoblasts, indicating that this approach could 
initiate a potential new therapeutic direction in alveolar 
bone regeneration.51

Anomalies of dental development

Developmental dental anomalies represent marked 
deviations from the normal number, shape, size, and de-
gree of tooth development. Both local and systemic fac-
tors can contribute to these abnormalities, and can be 
inflicted before or after birth. Aberrations in the normal 
number of teeth include hyperdontia (supernumerary or 
excess teeth), hypodontia (a congenital lack of 1 or more 
teeth or missing teeth) and oligodontia (a developmen-
tal absence of 6 or more teeth, excluding the 3rd molars). 
Anomalies in the shape of teeth include microdontia (teeth 
that are smaller in size) and macrodontia (teeth that are 
larger in size than normal). In addition, various anomalies 
in shape can be present (e.g., dens invaginatus, talon cusp, 
dens evaginatus, gemination, fusion, root dilacerations, 
taurodontism, and concrescence). Such anomalies, in ad-
dition to their appearance, often create different dental 
problems, as well as difficulties during dental treatment.52 
Hypodontia is caused by complex interrelations between 
genetic, epigenetic and environmental factors during den-
tal development. In a pilot study that examined 6,636 hu-
man genes, conducted by Wang et al., it was found that 
there are significant differences in the level of genome 
methylation between people with hypodontia, in whom 
methylation increased, and the control group (people 
without hypodontia) (Table 1). Since the DNA samples 
in this study were only collected from the oral epithe-
lial cells, the authors suggest that in the future additional 
studies focused on some other types of cells participating 
in odontogenesis would be merited. Furthermore, a larger 
sample size is needed to explore in depth the epigenetic 
mechanisms related to the development of hypodontia. 
Although the study by Wang et al. was only a pilot study, 
it highlighted the key role of DNA methylation in hy-
podontia.53 Similarly, studies on monozygotic pairs of twin, 
in which there were differences in the number of absent or 
additional teeth, also confirmed the impact of epigenetic 
modifications.54–56

Oral cavity carcinomas

In general, the prevalence of oral cavity carcinomas 
in children is much lower than in adults, and the majority 
of them develop in the oral mucosa (about 70%) (e.g., on the 
tongue), in the maxillary and mandibular bones (very rare-
ly), in odontogenic tissues (about 25%), and in the salivary 
glands (about 5%). In general, the prevalence of oral cavity 
carcinomas increases with age and men are more predis-
posed to them.

Oral squamous cell carcinoma

Oral squamous cell carcinoma (OSCC) is the most com-
mon malignant epithelial neoplasm of the oral cavity. It 
is often characterized by a heterogeneous clinical picture 
and an aggressive course. For these reasons, an early di-
agnosis and effective therapy are essential, including the 
emerging epigenetic approaches on top of the standard 
medical care (Table 1).

In their study, Langevin et al. identified in oral rinse 
samples of patients with OSCC new prognostic epigenetic 
biomarkers which can predict overall survival in OSCC. 
In particular, they identified 7 novel DNA methylation loci, 
1 of which was validated using a custom pyrosequencing 
assay. The authors found that DNA methylation occurs 
in the gene encoding for gamma-aminobutyric acid B re-
ceptor 1 (GABBR1) (cg21022792). Hopefully, in the future, 
the application of this noninvasive test can help predict the 
survival of patients with OSCC.57 Furthermore, in a recent 
study by Ribeiro et al., some additional epigenetic biomark-
ers for the potential prediction of survival in patients with 
OSCC were indicated. For instance, it was found that the 
methylation of the WT1 gene promoter is related to a bet-
ter survival outcome in patients with OSCC. In contrast, 
the methylation of MSH6 and the GATA5 gene promoter 
is related with a worse survival outcome in OSCC patients 
(Table 1). In addition, the authors have shown that the 
methylation of the PAX5 gene promoter is  linked with 
carcinoma of the tongue.58

According to a study on the South Indian population, 
it has been reported that some other epigenetic changes 
might contribute to the development of OSCC. In particu-
lar, it has been determined that the phosphatase and tensin 
homolog (PTEN) and p16INK4a (p16) genes are tumor 
suppressor genes associated with epigenetic alterations. 
In this study, the authors found that the low level of ex-
pression of PTEN and p16 genes due to DNA methylation 
might contribute to the development of carcinoma, and 
thus, it can be useful in the prognosis of OSCC (Table 1). 
Moreover, the authors suggested that epigenetic changes 
in these genes might represent a valuable biomarker for 
the early detection of OSCC.59

Similarly, the expression of γ-synuclein (SNCG) is related 
to the development of various carcinomas, including OSCC 
(Table 1). In their study, Cheng et al. examined a correla-
tion between DNA methylation in the SNCG gene and the 
development of OSCC, including the clinical symptoms 
of this malignancy. It was found that positive SNCG ex-
pression in patients with OSCC significantly correlated 
with cancer staging and lymph node metastasis. However, 
SNCG methylation did not correlate with its genetic ex-
pression or clinical-pathological variables in OSCC tissues. 
In addition, the authors suggested that DNA methylation 
in SNCG might cause progression in OSCC.60 The results 
of a meta-analysis by Singh et al., including studies pub-
lished from 2000 to 2015, have revealed that the research 
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on epigenetic mechanisms can provide useful knowledge 
on novel biomarkers for early diagnosis, prognosis and 
treatment of oral cavity carcinomas or some other oral 
lesions.2

The role of epigenetics  
in future research and implications 
for dental practice

Future research exploring the role of epigenetics in oral 
diseases will broaden our knowledge of how epigenetic 
patterns affect the phenotypical expression of diseases 
such as periodontitis, dental caries, congenital orofacial 
malformations, and oral cancer.3

In particular, this research will help us to understand 
how the “interplay” between genes and the oral micro-
biome or local biofilm can affect epigenetic mechanisms 
(in  the periodontal tissues and oral mucosa), in  order 
to modify the inflammatory or immune responses. More-
over, the relevant epigenetic biomarkers need to be evalu-
ated in preclinical and clinical studies.4

Furthermore, epigenetic remodeling of cells (e.g., dental 
pulp) to a pluripotent state creates the potential for epigen-
etic reprogramming that can possibly be useful in healing 
local tissue injuries. Unquestionably, future studies are 
necessary to address these issues and to explore the impact 
of epigenetics on dental health and diseases. This, in turn, 
will allow the development of innovative, safe and effective 
therapies, so that dental practice can benefit from new 
opportunities for the diagnosis, treatment and prevention 
of oral diseases that are difficult to manage.5 Furthermore, 
there is a chance to develop an epigenetic profile of an indi-
vidual patient in order to deliver personalized dental care. 
Finally, the possibility of screening for potential oral health 
problems (starting from early childhood) might prevent 
diseases, attenuate their course, or improve the patient’s 
functional level and quality of life.6

Conclusions

The field of epigenetics is rapidly developing and there 
is emerging evidence that environment and lifestyle can 
interact with the genome to influence epigenetic changes. 
Epigenetics plays an important role in gene regulation via 
the main mechanisms, such as DNA methylation, histone 
modifications and non-coding RNAs. These mechanisms 
affect gene expression. Exogenous factors (e.g., diet, physi-
cal activity, medications, toxins, psychophysical stress, 
traumatic experiences, and substance abuse), as well as 
inflammatory processes, can cause alterations in epige-
netically regulated gene expression. In addition, epigen-
etic changes can contribute to the development and pro-
gression of certain diseases, such as periodontal disease, 

dental caries, congenital orofacial defects, and oral cancer. 
In summary, epigenetic modifications are potentially re-
versible and can be influenced by several lifestyle factors. 
Therefore, a deep understanding of these modifications 
will help to determine novel therapeutic targets in den-
tal diseases, guided by appropriately indicated epigenetic 
biomarkers. Hopefully, these emerging biomarkers will 
allow the early detection, diagnosis, prognosis, and therapy 
of some common oral diseases.
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