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IntRoductIon
Periodontitis is a complex disease characterized by inflammation 
and destruction of tooth supporting structures. Although the 
definitive mechanism remains unclear, a contributing factor 
for inflammation and infection is the outgrowth of multiple 
opportunistic microorganisms in the oral cavity including 
Porphyromonas gingivalis, Tannerella forsythia and Aggregatibacter 
actinomycetemcomitans that triggers the host immune response 
[1]. But the aetiology involves various other extrinsic and 
intrinsic factors such as genetics and not merely these specific 
microorganisms that cause the disease [2]. A specific gene 
possesses different epigenetic patterns depending on the cell type 
which results as a local and systemic expression of the gene. This 
review focuses the importance of genetic factors in the progression 
of periodontal disease and highlight how epigenetic alterations 
play a role as mediators between genetic and environmental 
factors. Further research in future will provide better guidelines for 
the development of novel biomarkers that will aid in the prevention 
of periodontal disease.

EPIGEnEtIcS
In Cold Spring Harbor Meeting 2008, Epigenetics was defined as 
a “stably heritable phenotype resulting from changes in a chromo-
some without alterations in the DNA sequence” [3]. In Greek, prefix 
‘epi-’ in epigenetic means ‘on the top of’ or ‘in addition to’ genetics. 
Epigenetic modifications include chemical alterations of DNA and 
associated proteins, leading to remodeling of the chromatin and 
activation or inactivation of a gene. These changes can lead to 
the development and maintenance of cancer and autoimmune or 
inflammatory diseases, including periodontitis. 

The mechanisms underlying epigenetic alterations involve DNA 
methylation, histone modification and gene regulation by non-
coding RNAs [4-6]. These are potentially reversible and transient. It 
can be induced or altered by environmental factors that modulate 
the gene expression and affect various gene functions [Table/
Fig-1]. Therefore, it produces a link between the inherited genome 
and the environment [4,7]. 

In dentistry though the use of these epigenetic mechanisms is still 
at the early stage, they play an important role during development 
and pathological diseases of the oral cavity.

 

EPIGEnEtIcS In PERIodontItIS
Epigenetic mechanisms result in heritable modifications in the 
expression of genes that are independent from DNA coding 
variability. The post-translational modification of histone proteins 
in chromatin and the methylation of DNA are the two primary 
epigenetic mechanisms in periodontitis. These are regulated by 
distinct, but coupled, pathways [7].

dnA Methylation: Within the nucleus, chromosomal DNA is tightly 
associated with proteins, and these interactions form the ordered 
structure known as chromatin. The methylation takes place in 
Cytosine-phosphate-Guanine (CpG) dinucleotides of the DNA 
chain with the covalent transfer of a methyl group from S-Adenosyl 
Methionine (SAM) to cytosine [Table/Fig-2a] [8]. CpG sequences 
tend to be germline-specific or associated with imprinted genes, 
and the methylated DNA sequence in CpG sites cause the more 
condensed DNA structure. This process leads to transcriptional 
repression and gene silencing [Table/Fig-2b] [9].

In periodontitis, epigenetic modifications during inflammation occur 
locally at the biofilm-gingival interface around the teeth. It has been 
shown that the epigenome differs between inflamed periodontal 
sites and non-inflamed sites in the same individual [10] and also 
different methylation patterns associated with pathways regulating 
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ABStRAct
Periodontitis is characterized by infection and inflammation of the tooth supporting structures. Few signs of susceptibility and recurrence 
after treatment are seen due to the outgrowth of various pathogenic microorganisms. Many studies have been done to understand 
the genetic basis of periodontal disease. An increased risk for periodontitis has been shown with the variations in genes related to the 
inflammatory response. Interestingly, some of the genes regulated by epigenetic modifications are modified in response to environmental 
stimuli. Conditions such as cancer, autoimmune or inflammatory diseases have been dispensed by epigenetic mechanisms.  The 
understanding of these molecular mechanisms and the early detection of susceptibility may guide in future periodontal disease treatment 
and prevention.

[table/Fig-1]: Epigenetic alterations affecting various gene functions.



Geetha Ari et al., Role of Epigenetic Alterations in Periodontitis www.jcdr.net

Journal of Clinical and Diagnostic Research. 2016 Nov, Vol-10(11): ZE07-ZE0988

[table/Fig-3]: Various studies of DNA methylation process.
AgP: Aggressive Periodontitis; CP: Chronic Periodontitis

[table/Fig-4]: Acetylation and aeacetylation of histones [5].

cell differentiation, apoptosis, Lipopolysaccharide (LPS) mediated 
signalling, oncogenesis and cell adhesion were found in inflamed 
tissue of periodontitis patients compared with tissue from healthy 
individuals.  

[Table/Fig-3] shows few studies that have been investigated in the 
process of DNA methylation of inflammatory cytokines in Chronic 
Periodontitis (CP) and Aggressive Periodontitis (AgP) [11-14].

transcription. Deacetylation of histones removes the acetyl groups, 
causing the chromatin to become more condensed and inhibit 
gene transcription [Table/Fig-4]. On the contrary, methylation can 
either result in an activated or a repressed chromatin state [5]. 

[table/Fig-2a,b]: DNA methylation and transcriptional inactivation of gene.

StuDy marker reSultS

Andia et al., 2010 Interleukin (IL-8)

The IL-8 promoter was hypomethylated 
in oral epithelial cells of generalized AgP 
patients when compared with healthy 

controls.

Zhang et al., 2010 Interferon (IFN–γ)

CpG sites reported hypomethylation 
and increased expression of INF-γ in 
periodontitis biopsies compared with 

healthy tissue biopsies.

Zhang et al., 2013
Tumor Necrosis 
Factor (TNF-α)

It was found to be hypermethylated in 
CP.

Stefani et al., 2013 IL-6

IL-6 promoter found to be partially 
methylated in both healthy and 

periodontitis patients, even though 
increased expression was seen in 

periodontitis patients.

Further to methylation level of cytokines, a number of other 
genes related to inflammation have been assayed in periodontitis. 
A hypermethylation and a decreased transcription of Toll-Like 
Receptor 2 (TLR 2) in periodontitis tissues was reported [15] and 
the methylation of E-Cadherin and Cyclooxygenase-2 (COX-2) 
was investigated in patients with CP and breast cancer [16]. 
These findings confirm the present view that chronic inflammation 
and cancer may have a similar epigenetic pattern and that DNA 
methylation may be a link between inflammation and cancer [17]. 
The hypermethylation of the Prostaglandin-Endoperoxid Synthase 
2 (PTGS 2) promoter in inflamed periodontal tissue was associated 
with lower levels of PTGS 2 transcription that influence gene 
expression [18]. Interestingly, a CpG site close to a nuclear factor 
(NF)-kB transcription factor-binding site was highly methylated, 
suggesting that methylation status may exclude binding of this 
transcription factor. This is in association with other studies on 
methylation of cytokine promoter regions in which the CpG sites 
analyzed were in close proximity to binding sites for transcription 
factors NF-kB and Specificity protein 1 (Sp1) [13,19]. These two 
factors are known to be strong regulators of gene expression of 
the immune response.

Histone Modification: The basic unit of chromatin is the 
nucleosome. It consists of a DNA segment and eight core histones. 
The regulation of gene transcription through the post-translational 
modification of core histones either condenses or relaxes the 
chromatin [8]. The modification of histones takes place mostly 
at the N-terminal tails of the protein [20]. Acetylation of the core 
histones results in an ‘open’ chromatin conformation that facilitates 

It was established that the process of DNA methylation and 
histone modification are linked when the CpG island of a promoter 
becomes methylated, methyl-CpG binding proteins bind to these 
methylated CpGs and recruit histone deacetylases. A strong 
electrostatic interaction occurs between the positively charged 
acetylated histone residues and the negatively charged DNA 
causing the deacetylation of histone proteins. Then the gene 
expression is repressed creating a condensed nucleosome 
particle. Very few studies are available on histone modifications in 
periodontitis. One study in experimental periodontitis has showed 
the importance of maintaining histone acetylation of genes related 
to osteoclastogenesis for preventing bone loss. Treatment with 
Histone Deacetylase Inhibitor (HDACi) resulted in increased bone 
levels [21]. The differentiation and mineralization of dental pulp 
stem cells have been reported through histone modification which 
further benefit in pulp repair and regeneration [22].

clinical Strategy targeting Epigenetic Modifications: A confined 
research has been done using HDAC or DNA methylation inhibitors 
as treatment for periodontitis or oral inflammation. There are various 
reports on the use of epigenetic inhibitors in cancer research.

In an experiment, periodontitis, treatment with HDAC inhibitor 
(1179.4b) (Class I and II HDACi) showed reduced alveolar bone 
loss in mice with P. gingivalis – induced periodontitis compared 
with untreated mice [23]. Imai K et al., reported that P. gingivalis 
produces butyric acid which inhibits HDACs and increases histone 
acetylation. This in turn was shown to reactivate Epstein-Barr Virus 
(EBV) as well as human immunodeficiency virus 1, suggesting that 
periodontal disease may contribute to EBV-related diseases [24]. 

The Bromodomain and Extraterminal Domain (BET) proteins 
are the epigenetic regulatory proteins. They scan the acetylated 
histone tails and convert transcription complexes to regulate gene 
transcription. A recent study by Meng S et al., (2014) showed that 
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the BET inhibitor JQ1 was found to inhibit both an inflammatory 
response and alveolar bone loss in experimental periodontitis 
[25]. 

Future Scope of Epigenetics: In India, there are various genomic 
researches made in the field of medicine. Whereas, in dentistry 
the role of genetics to rule out the disease or aiming to provide 
treatment based on genetic variations is not much emphasized. 
Most researches in periodontology are focused on molecular 
analysis that primarily determines the aetiology, pathogenesis and 
prognosis of the disease. To implement in a genetic research is 
cumbersome, but the wide use of genome wide analysis in future 
can lead to a preventional regime.

concLuSIon
The knowledge on the role of epigenetics in development of 
periodontal diseases is still constrained though the prevalence 
of the disease is higher in India. A few studies mentioned in 
this review highlights that both DNA methylation and histone 
modifications occur in the oral mucosa in response to bacteria 
and the inflammatory processes. Hence, identifying the genetic 
factors and epigenetic variations in periodontitis will be useful in 
developing innovative therapeutic interventions.

Ethical approval: This article does not contain any studies with 
human participants or animals performed by any of the authors.
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