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A B S T R A C T

Genetics and epigenetics is the process of gene expression or suppression through polymorphism,
demethylation, and deacetylation. Although Periodontal diseases are bacterial infections predominantly
gram negative anaerobic bacteria that colonize the sub gingivaly in return triggering an inflammatory
response which affect the periodontium; whereas periodontitis is a periodontal disease which destroys
the tissue and bone that surrounds the tooth. In adults periodontitis is at helm of tooth loss. Pathogenic
microrgansims are considered as the primary aetiological factor, but the disease progression is also
influenced by Genotype and Phenotype of various individuals. Phenotypic factors such as race, diabetes,
gender, education, smoking etc. have sweeping effects on the epigenetic changes and impel susceptibility
to disease. Epigenetic modifications expression occur in response to environmental changes.

© This is an open access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/) which permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are credited.

1. Introduction

Epigenetics is a field that deals with study of epigenome.
Word “Epi” means outside the “genome”.1

Waddington H. C. coined the word Epigentics2

describing it as a“causal mechanisms” by which genes
give rise to the phenotype. Epigenetics is described as
changes in gene expression not encoded in DNA sequence,
which may take the form of chemical modifications of
DNA and concomitant proteins, which are responsible for
remodeling of the chromatin and activation or inactivation
of a particular gene.3,4 Periodontitis is a disease in which
chronic inflammation of gingival tissues takes place in
response to bacteria. In definite individuals, immune
response leads to tissue destruction and bone loss alongwith
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connective tissue. Periodontitis is very common diseases in
humans undoubtedly including 10% of adult population.5

According to survey it has been observed that periodontitis
is sixth-most prevalent condition worldwide.6 Periodontitis
is a disease involving an interplay of various factors
with its absolute mechanism remaining unclear, but a
contributing factor for inflammation and infection is the
presence of multiple disease inducing microorganisms
of the likes of Tannerella forsythia, Aggregatibacter
actinomycetemcomitans and Porphyromonasgingivalis,
which in turn triggers host immune response7 In Cold
Spring Harbor Meeting which was held in 2008, described
epigenetics as “stable heritable phenotype which results
from alterations in chromosome without changes in DNA
pattern”.8 In Greek language prefix ‘epi-’ in epigenetic
means in addition to genetics. Epigenetics acts as a cross
linkage between genetics , environmental and lifestyle
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factors whose alteration may come up in an individual
showing differences in local gene expression leading to
inflammation and susceptibility for the disease. Although
Epigenetics research is still in nascent stage but it holds
promise in positively influencing the causative factors
affecting oral health and hygiene. Therefore Epigenetics
denotes a strong link between environment and phenotype.9

2. Brief about periodontitis

Periodontitis is a complex disease which is characterized by
inflammation and destruction of tooth supporting structures.
Aetiology behind periodontitis is an interplay of various
other factors which include both genetical components,
microflora, host immune response and other phenotypic
etiologic agents.10 Gene which is specific possesses
different epigenetic patterns depending on the cell type
thus resulting as a local and systemic expression of the
gene. In 1970s microflora associated with dental plaque was
considered to be a sole factor. But further evidence found
that bacteria were essential but not singular in producing
disease. Host response dictates susceptiblity to diseases.

Phenotypic factors might affect gene regulation leading
to epigenetic alteration in the genome. It is determined
that host microbial interactions and environmental factors
are major determinants for the development of periodontal
disease. So it specifies the relationship between genotype
and phenotype.11

Fig. 1:

2.1. Epigenetics and modifications

Epigenetic modification are of three types There are three
types seen as DNA methylation, histone modification and
RNA-associated silencing (micro-RNA).11,12 During
replication it was observed that the processes of
demethylation, acetylation, methylation, deacetylation
and their combinations worked to express or repress

genes. Studies conducted back by Griffith and Mahler in
1969 DNA methylation and well characterised epigenetic
modification is one of the most broadly studied Dna
Methylation and well characterised epigenetic modification
may be important in long term memory function.13

These processes are initiated by environmental influences
which regulate cytokines such as IL6 and IL1 responsible
for inflammatory tissue response. Thus susceptibility of
individual to periodontitis depends on his immune response.
Therefore decrease in number of neutrophils also increases
the susceptibility of infections.

It was found that the polymorphism in IL 1 is more
damaging as it performs to a singularly piquant role in
the formulation of inflammatory response. Many Studies
suggested that individuals having greater levels of IL1 show
a greater preponderence to periodontitis as opposed to those
having less level.14

Fig. 2:

2.2. Alteration of histone proteins and DNA methylation

A gene is seen to be the instructional portion of DNA
which helps in that signalling biological activity. DNA
methylation is a sequence of chemical reactions that can
either cause an addition of a particular methyl group
attached to a DNA molecule (hypermethylation) or cause
a subtraction (demethylation) of a group, a process
facilitated by15 histone proteins. Acetylation creates a
loosely compacted DNA complex which allows for gene
expression in contrast to deacetylation which leads to
densely compacted DNA expression. An intense correlation
has been observed of gene expression with histone
modification/ DNA methylation.16 These reaction leads
to change in gene expression which leads to change in
biological activity while maintaining the DNA sequence
as it is. The two most common epigenetic factors are
nutrition and aging. Effects on epigenetics can be observed
in cases in which there are deficiency of folic acid and
deficiencies of selenium, arsenic and polyphenols. These
deficiencies can lead to various diseases like neural tube
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defect and malignancies. A study reported by Wilson on
epigenetic factor aging methylation and acetylation process
were carried out in mono zygotic twins and very similar
results were seen in early life and substantial differences
in later life. Various Environmental influences contribute
to the progression of periodontitis. Some environmental
stressors have been reported to begin before birth though
some epigenetic marks are potentially reversible, many
epigenetic changes appear to persist throughout the life
of the organism several factors which are responsible for
epigenetic modification are diabetes, race, gender, BMI
etc. One of the important environmental risk factors for
progression of periodontitis is smoking. Smoking causes
long term hypo and hypermethylation changes in the DNA.
A study observed by Haffajee and Socransky found that
smokers had more severe form of periodontitis with more
attachment loss and deeper pockets compared with non-
smokers.16

This review here focuses the importance of genetic
factors which leads to highlights the interplay mechanism
b/w periodontal disease and epigenetic alterations

2.3. Epigentics and periodontitis – The Connection

Chronic inflammatory diseases, by nature are tissue specific.
Epigenetic changes occur locally at the biofilm-gingival
interface surrounding the neck of teeth and epigenetic
alterations differ relative to an inflamed periodontital tissue
site and non-inflamed sites.17,18

Negative modifications in the epigenome are caused due
to infection and host immune response. The epithelium, of
the oral cavity functions as the first line of defense that
alternates epigenome in these cells leads to subsequently
alteration in inflammatory cells, which contribute to a
crux of modifications in the signaling pathways and gene
expression. Oral microflora cause acetylation and down-
regulation of DNMT1, causing activation of PRRs and
TLRs leading to induced histone changes in epithelial
cells.19

TLRs play a crucial role in innate immunity of an
individual through their ability to perceive and differentiate
between pathogen-associated molecular patterns (PAMPs)
and bacterial lipopolysaccharide (LPS). Disturbance in
regulation of TLR expression influences the host response
leading to increased degree of inflammatory response
and susceptibility to periodontitis. Activated TLRs induce
histone acetylation and activation of transcription factor
Nuclear factor-κb (NFκB). NFκB is a transcription
factor that causes differentiation of and induces Matrix
metalloproteinases (MMPs) production.20 Surface receptors
influence attachment of cells to ECM, inducing MMPs
expression,.21 Interestingly, healthy individuals and
periodontitis patients have variations in genes related to
immune response.22

Fig. 3: Interplay of genotype and phenotype in periodontitis

Fig. 4: Epigenetics and its medical utility

2.4. Diagnosis & Epidrugs

Epigenetic pattern can be utilized as a marker to identify
a clinical phenotype which can be utilized to determine
individuals who are at risk of periodontitis by utilizing
buccal swabs, saliva or scraping of the oral mucosa for
epigenetic analysis

This approach is profoundly useful in screening and
confirmation of patients with oral malignancy.

Epidrugs a term coined by Ivanov and co-workers,
is a drug which inhibits or activates disease-associated
epigenetic proteins which regulate ameliorating, cure, or
prevention of the disease.

Numerous studies utilising epidrugs have been
conducted in the field of oncology and nutrition as
treatment modalities but there is paucity of research on
epidrugs with regard to oral health.

2.5. Tissue Engineering

A goal of periodontal tissue engineering/regenerative
medicine is to restore all the periodontal components,
i.e., the ligament, cementum, bone and surrounding soft
tissues.23 Scaffolding and gene therapy are major tools for
tissue regeneration.

Scaffolds with nano engineered topography is a tool
to improve outcomes of periodontal tissue engineering.24
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Nanotechnology enhances tissue regeneration and cellular
functional capability through the medium of epigenetics
while tissue regeneration can be improved by combining
scaffold characteristics with delivery of epidrugs, Human
gingival fibroblasts (HGFs) act as a source for periodontal
tissue regeneration.

Fig. 5:

2.6. Future concepts of epigenetics

Epigenetics is a complex field with DNA reactions linked
together regulating gene expression

Epitranscriptome is a new field that have emerged.
RNA stability and translation as well as RNA splicing,
is affected by epigenetics. Variants of methylation of
adenine within RNA have been identified, i.e., N6-
methyladenosine (m6A) and the further methylated form
N6, 2-O-dimethyladenosine.

Periodontitis is a complex disease with a plethora of
cells, cytokines, and signaling pathways involving the
activation and regulation of the immune response.

3. Conclusion

Several key factors which can induce epigenetic alterations,
affect the oral health adversely Research has been carried
out on the influence of bacteria and inflammation, how
diet and smoking influence epigenetic mechanisms needs
indepth understanding.
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