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Introduction:-

Periodontal diseases are a series of complex, distinct, pathologic entities caused by the interaction of bacterial
plague and the host. This interaction results in destruction of the supporting alveolar bone and connective tissue.
Although bacterial plaque has been implicated as the primary etiological agent in most forms of periodontal disease,
there are local and systemic factors which may modify both microbial and host components. Local factors may favor
plaque accumulation and maturation, while systemic factors may modulate the host's protective response.’ Factors in
the environment interact with each person’s genetic predisposition to determine his or her health outcomes due to
which individuals with similar local factors are not responding similarly. The complex combination of variables also
determines if and when a disease affects the person, how fast and how severely symptoms of the disease progress,
and how 2the person responds to different treatments in terms of both side effects and the success of alternative
therapies.

Principles of human genetics:-

Genome is the whole of genetic information of an organism found in the nucleus of Eukaryotes. Each and every cell
of a human contains genome within the nucleus. It is explained by chromosomes which are of 23 pairs in number,
where 22 pairs are of autosomes (somatic) and 1 pair of sex chromosome (either XX or XY). DNA is a Deoxyribose
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Nucleic Acid formed by nucleotides Purines and Pyramidines. The relationship between nucleotide sequence and
aminoacid sequence is known as Genetic code. Triplet of nucleotides forms a codon which represents an aminoacid.

Gene is a linear polymer of DNA which codes for protein and is the basic physical and functional unit of heredity.
Gene expression is the formation of proteins by decoding the codons which carry out functions of the cells. It is
done by:

1. Transcription

2. Translation

3. Post translation modifications

Gene expression is regulated by various factors like transcription factors, repressors, co-activators and co-repressors.

Replication of DNA:-

Genetic information is transmitted to daughter cells under two circumstances

1. Mitosis- in somatic cells

2. Meiosis- in germ cells forming gametes

Crossing over occurs during meiosis between maternal and paternal sister chromatids which is responsible for
tremendous diversity and forming genetically unique gamete.

Mutations:-

It is a structural change in genomic DNA which can be transmitted from a cell to its daughter cells. All organisms
undergo spontaneous mutations as a result of normal cellular function or random interactions with the environment.
Typically present in less than 0.1% of population. Occur during gene expression or segregation crossing over.

Polymorphism:-

Allele is a variant form of a gene. The coexistence of multiple alleles at a locus is called “Genetic polymorphism”.
Gene polymorphisms are locations within the genome that vary in sequence between individuals and are very
prevalent, affecting at least 1% of the population.

Polymorphisms of human genes occur at one or more of the following sites (Fig:1):

a. The promoter or 5’-flanking region;

b. The exon(s) or the gene coding regions;

c. The intron(s) or the gene intervening regions;

d. The 3’-untranslated region

i. If the polymorphism occurs in the promoter or intron (regulatory regions) regions, the protein production may
be increased or decreased which affect the disease phenotype.®

i. If the polymorphism occur in the exon region (gene expression region), the change in protein produced may
be affected. Thus change in cellular function may affect the disease phenotype.®

Common genetic polymorphisms may change the function of a protein, but usually the change is relatively minor.
These differences in physiological functioning of different proteins can be enhanced by certain environmental
exposures. Certain polymorphisms may increase or decrease a person’s risk for a disease phenotype.

Genetic Diseases:-

These variations in normal function of a gene and mutations cause diseases called Genetic diseases. Based on the
pattern of transmission of disease, they are divided into two broad groups: Monogenetic diseases and Complex
diseases.”

Monogenetic diseases (Fig.2) Complex diseases (Fig.3)
« Alteration of a single gene locus that has a major « Multiple different gene alleles and biologic
physiological impact. interactions can contribute to a complex disease

*  There is no redundancy or compensation in the state.

particular biological system. + Have many compensatory and redundant
*  Major disease gene aspects.
e Follow predictable and generally simple » Disease modifying genes.

patterns of transmission called Mendelian *  Doesn’t follow Mendelian conditions.

conditions.
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Role Of Genetics In Periodontitis:-

In the last decades, epidemiologic studies as well as longitudinal clinical studies have shown that the presence of
bacteria does not invariably induce periodontal attachment loss, but that host factors are also required for
periodontitis. The concept of “high- risk groups” was added to the pathogenesis model, and was one of the factors
that developed the hypothesis that periodontitis may have a genetic background.® Trott and Cross in 1966 in a study
stated that certain individuals are more at risk for periodontitis than others. Their study resulted in each age
category; the percentage of teeth lost due to periodontal disease is always higher than the percentages of patients
who lost teeth due to periodontal disease. It implies relatively many teeth are lost in relatively few patients.® Thus
relatively small proportion of population is at risk for developing severe forms of periodontitis but not everybody is
equally susceptible to periodontitis.

Various studies used for genetic analysis to evaluate susceptibility to periodontitis which include Candidate gene
approach, case- control studies, familial aggregation and relative risk, twin studies, linkage analysis, segregation
analysis, Genome wide analysis. But the search for periodontitis-susceptibility alleles is complicated because:

1. Multiple causes may exist for the same disease

2. Different genetic mechanisms may lead to same clinical end point.

PeriodntitisAs A Monogenetic Disease:-

Among various genetic disorders which involve mutations of single gene or larger chromosomal regions, those

affect tt}g immune system like number and function of neutrophils lead to periodontal destruction® — monogenetic

disease.

1. Papillon — Lefevre Syndrome: Inherited condition with autosomal recessive pattern. Caused by mutations in the
cathepsin C (CTSC) gene. Cathepsin C activity is essential for activation of neutrophil enzymes responsible for
phagocytosis. Effects on periodontium include early inflammatory changes and bone loss.™ Exfoliation of both
primary and permanent teeth.

2. Chediak-Higashi syndrome: Rare familial disorder transmitted by autosomal recessive trait. It affects the
production of organelles found in almost every cell. Neutrophils contain abnormal giant lysosomes that fuse
with the phagosome but the ability to release their contents is impaired. Granulocyte ingestion of bacteria
appears to be normal but abnormalities of degranulation and defective intracellular bactericidal activity have
been reported. Thus there is increased susceptibility to periodontitis.

3. Leukocyte Adhesion deficiency: It is diagnosed at birth. Many children with the syndrome do not survive. It is
the inability to produce or failure to normally express an important cell surface interin32 subunit (CD18) or
absence of CD15 on leukocytes where adhesion or rolling of leukocytes to vessel wall at the site of infection is
impaired. Effects on periodontium include extremely acute inflammation and proliferation of gingival tissues
with rapid destruction of bone.*®” Absence of neutrophils in the gingival tissues.

4. Down syndrome: It is characterized by poor PMN chemotaxis, phagocytosis and intracellular Killing affecting
the prevalence of periodontal disease in Down syndrome is high almost 100% in patients younger than 30 years.
Periodontal destruction is characterized by deep periodontal pockets associated with substantial plaque
accumulation and moderate gingivitis. Moderate gingival recession may also be seen.

5. Ehlers—Danlos syndrome refers to a collection of connective tissue disorders characterized by defective
collagen synthesis and related to an increased susceptibility to periodontitis and are inherited in an autosomal
dominant manner.

6. Cohen’s syndrome is another autosomal recessive syndrome and is characterized by mental retardation, obesity,
dysmorphia, and neutropenia. Individuals with Cohen’s syndrome show more frequent and extensive alveolar
bone loss than do age, sex and mental ability-matched controls.

7. Infantile genetic agranulocytosis, a rare autosomal recessive disease where polymorphonuclear leukocyte
numbers are very low has been associated with aggressive periodontitis.

8. Hypophosphatasia: It is a rare disorder caused by mutations in the tissue-nonspecific alkaline phosphatase gene.
Mutations leading to deficiency in alkaline phosphatase activity result in abnormal bone mineralization, skeletal
anomalies, and cementum hypoplasia. The condition leads to the premature loss of the primary teeth and
occasionally the permanent teeth.

9. Weary—Kindler syndrome: Aggressive periodontitis has been reported in Weary—Kindler syndrome where
abnormalities of the epidermal keratinocytes occur.
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Periodontitis As A Complex Disease:-

The complex traits are the result of the interaction of alleles at multiple different gene loci and with the

environmental factors.

Common features of complex human diseases.

1. They present mostly a relatively mild phenotype.

2. Slowly progressive and chronic inn nature.

3. It may affect various biological pathways leading to similar clinical phenomena.

4. Associated with variations in multiple genes each having a small overall contribution and relative risk for the
disease process.

5. They are influenced by environmental factors (gene-environmental interactions) (Fig.4).

Thus complex diseases are typically polygenic i.e., multiple genes each play a limited role (low penetrance genes).
The disease genes in complex diseases are therefore called as “Disease modifying genes”. They are also influenced
by environmental factors (gene- environmental interactions).

Periodontitis is considered to be a “complex disease”. For periodontitis atleast 10 and possibly as many as 20
disease-modifying genes may be involved.*® However, it is important to realize that the number and types of
disease-modifying genes for the same condition may not be equal for different forms of periodontitis and different
ethnic populations. Polymorphisms of multiple genes combined with environmental factors within the body leads to
susceptibility to a disease. As immune system plays a crucial role in the pathogenesis of periodontitis, researchers
have concentrated on the identification of genetic polymorphisms in several aspects of host immunity which play a
role in severity of periodontal disease.

HLA (Human Leukocyte Antigen):-

One genetic marker that has been frequently associated with Early Onset Periodontitis is the HLA, which plays an
important role in regulating and mediating immune processes. Sofaer (1990) compiled and analyzed data from a
number of studies and concluded that the strongest negative associations with EOP are with HLA-A2 and that,
subjects with HLA-A9 or HLA-B15 may have an increased risk for LJP.*

Immunoglobulin G2 (1gG2):-

It has been postulated that 1gG subclass responses are closely associated with IgGallotypes. 1gG2 response to certain
periodontal pathogens observes individual variability, suggesting a genetic component that makes some individuals
more prone to a specific form of periodontal disease.*

Cytokine gene polymorphisms:-
Pro-inflammatory and anti-inflammatory cytokines have a role in regulating the inflammatory response. Gene-
disease associations are concentrated on polymorphisms of genes that have some role in the inflammatory response.

IL-1, TNF-a and PGE, Polymorphism:-

Kornman et al. (1997) showed that polymorphisms in the IL-1 gene cluster are correlated with the severity of adult
periodontal disease.**The cytokine IL-1 is a major modulator of bone resorption and extracellular matrix catabolism.
One of the main sources of IL-1 are the macrophages, that produce IL-1, TNF-aand PGE, due to LPS stimuli .3***
LPS is bound by a plasma protein, the Lipopolysaccharide binding protein (LBP).*® The binding of this LPS-LPB
complex to the macrophages is mediated by a specific membrane receptor, CD14.%* Subsequently the macrophages
enhance the production of cytokines which can be diminished by blocking the CD14 receptor by a specific
antibody.®” Furthermore, blockage of the activity of IL-1f (and TNF-a) was found to slow down the progression of
experimental periodontitis in primates.®®

IL-6 Polymorphism:-

IL-6 is another pro-inflammatory mediator and plays a role in B-cell differentiation and T-cell proliferation. It also
stimulates haematopoiesis and accelerates bone resorption.®* High levels of IL-6 in biological fluids and blood has
been determined in infections and chronic inflammatory diseases. It is suggested to be involved in genetic
susceptibility to inflammatory diseases.*°
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IL-10 Polymorphism:-

Anti-inflammatory cytokine, IL-10 have a role in controlling the inflammatory response. SNPs in the 1L-10 gene
have been associated with altered synthesis of IL-10 in response to inflammatory stimuli that could be detrimental to
host tissues and could be linked to periodontal disease susceptibility. *"*?

IL-4 Polymorphism:-

IL-4 is a potent down regulator of macrophage function inhibiting the secretion of PGE2 and cytokines by
macrophages. Furthermore IL-4 can also down-regulate the CD14 receptor and is also found to induce apoptosis in
monocytes. This led to the hypothesis that the absence of IL-4 triggers periodontal disease.**An association between
the IL-4 polymorphism and AgP is found by Gonzales et al. 2007.**

MMP-8 (-779) gene polymorphisms:-

Matrix metalloproteinase (MMP)-8 is a protease that degrades numerous extracellular molecules and has been
implicated in the pathogenesis of periodontitis. Polymorphism in the MMP-8 (MMP-8 -779 C<T polymorphism)
could affect the susceptibility to disease.*®

Receptor Gene Polymorphisms:-

Many cell surface receptors respond to host derived or external ligands and affect the physiologic events during
inflammation. This group includes receptors to cytokines, Immunoglobulin receptors and pattern recognition
receptors.

Fcy Receptor Gene Polymorphism:-

Three main classes of FcyRs on human leukocytes, two of which (FcyRII [CD32] andFcyRIII [CD16]) are
constitutively expressed on neutrophils, have been identified. Studies defining the structural features of the family of
FcyRs revealed the existence of multiple isoforms within each class. A defined polymorphism for FcyRIlIa has been
described and shown to influence the binding of human IgG subclasses. This polymorphism has been associated
with EOP and with phagocytic function of neutrophils in conjunction with more severe periodontitis in adults.

Vitamin D receptor (VDR) gene polymorphisms:-

Mediators of bone metabolism play a role in the pathophysiology of periodontitis. Genetic polymorphisms in genes
encoding for mediators linked to factors affecting bone mineral density, Vit D receptor, have been related to
disorders of bone metabolism. Along with bone metabolism Vit D and its receptor play a role in phagocytosis by
monocytes and affect monocyte differentiation thus affecting susceptibility to periodontitis.*”*®

GENOME WIDE ASSOCIATION STUDIES:-

Most of the genetic association studies which were designed for the elucidation of the genetic risk factors of
periodontitis focused on a range of various candidate genes selected for their roles in the immune system, tissue
destructive processes, or various metabolism mechanisms.® For reasons similar to those described for other complex
diseases in the pre- GWAS era, despite many efforts in the field of genetic association studies, the genetic risk
factors of periodontitis and their pathophysiologic effects had largely remained controversial.

Except for IL- 10, this study showed no strong association between the tested genes and their regulatory regions
with periodontitis, and the authors suggested that the positive associations with periodontitis that had previously
been reported for these genes were most likely caused by type | errors. Some genes can still be considered as true
genetic susceptibility factors for periodontitis if evidence for this is replicated in repeated independent, reasonably
large case—control populations.

ANRIL:-

The best- replicated evidence for conferring risk of periodontitis to date has been for the gene ANRIL (“antisense
non- coding RNA in the INK4 locus”). This gene encodes a large antisense non- protein coding RNA molecule
found with aggressive periodontitis***® and chronic periodontitis

CAMTAL/NVAMP3:-

VAMP3 (vesicle- associated membrane protein 3; chromosome 1), plays a role in phagocytosis, where it mediates,
for example, the delivery of TNF- o to the cell surface.®® Located 2 kb upstream of VAMP3 is the extremely large
gene CAMTAL (calmodulin- binding activator 1), spanning >1 Mb. In a GWAS on periodontal pathogen
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colonization, a large stretch of the CAMTAL/VAMP3 region was reported to be strongly associated with increased
quantities of pathogenic oral bacteria®® and alsoidentified several SNP located at this pathogen- associated region to
be significantly associated with aggressive periodontitis.

GLT6D1:-

Another risk gene of aggressive periodontitis, GLT6D1 was identified in the first GWAS on periodontitis.
encodes an unknown protein belonging to a family of proteins that is characterized by a glycosyltransferase
domain- 1. GLT6D1 was found to be predominantly expressed in the gingiva and T cells. Sequencing and
subsequent molecular biologic characterization of the main associated genetic polymorphisms suggest an impaired
GATAZ3- transcription factor binding site as the causative variant for increased disease risk.

55 It

COX- 2:-

The metabolic protein COX- 2 converts arachidonic acid into prostaglandin E2 (PGE2) which is a group of key
inflammatory mediators of the immune response to infection and is partly responsible for the resorption of the
alveolar bone in the course of periodontal pathogenesis. COX- 2 (located on chromosome 1 at 1g24- 25) expression
is specifically induced by cytokines and specific COX- 2 expression has been reported for gingival tissues in
periodontitis. COX- 2 was subjected to various candidate—SNP association studies for different complex diseases,
and polymorphisms within the COX- 2 gene were related to increased susceptibility to various inflammatory
diseases.

NPY:-

NPY (neuropeptide Y) has immunomodulatory effects that are thought to alter the pro- inflammatory T- helper type
1 (Thl)- to- anti- inflammatory T- helper type 2 (Th2) balance. Binding of NPY to Y1 receptors on a variety of
immune cells is thought to be responsible for promoting the anti- inflammatory Th2 response. Accordingly, the
presence of NPY Y1 receptors was verified in human gingival tissue and of NPY in human gingival crevicular fluid
(GCF), with significantly higher NPY levels in GCF in healthy compared with periodontitis- affected sites.>” A
GWAS first described an association with severe chronic periodontitis downstream of the coding region of NPY
(chromosome 7) in a large sample of European—American individuals.®® A second GWAS that systematically
analyzed gene-sex interactions in German cases of aggressive periodontitis, where NPY was associated with
aggressive periodontitis.>

Epigenetic Signatures:-

Epigenetics can be defined as the structural (mitotically or meiotically) heritable or reversible adaptation of
chromosomal regions so as to register, signal or perpetuate altered gene activity states,®® which refers to changes in
gene expression that do not involve a change in the DNA nucleotide sequence, but encompass an array of post
translational modifications. In this context, the low concordance rates in MZ twins, who do not always show the
same disease suscegtibility, also raised the possibility of epigenetic differences arising during early development as
well as with aging.®* Accordingly, it has been reported that young twins have similar amounts of DNA methylation,
whereas older twins differ considerably in the amounts and patterns of this modification.®? It is a subject of
speculation whether the amounts and patterns of epigenetic alterations could give rise to the divergent disease
predispositions of some MZ twins.

It has been speculated that epigenetic modifications can play a role in periodontitis. However, only a very few
studies on epigenetic effects have been performed to date.®*® Large- scale systematic studies of
periodontitis- associated epigenetic variation will surely elucidate the role of epigenetic changes in the
pathophysiology of periodontitis in the future.

Pharmacogenomics:-

Pharmacogenomics is the application of genomics technology to the discovery and development of drugs,® genetic
factors may contribute to the effectiveness and safety of a drug. If individuals differ with regard to their
susceptibility to disease and especially if underlying the superficial signs and symptoms of a disease there really are
etiologically distinct subtypes of disease pathogenesis, then the traditional medical model of “one size fits all” will
not be optimal. Sometimes concerns about severe side effects that limit the use of a therapy rather than differences
in efficacy and risk of side effects can also be genetically determined.
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If clinicians are not aware of the relationships between these genotypes and treatment success or side effects, it
would appear that neither treatment is consistently effective. As the benefits of individualized or personalized
treatments that are optimally matched to the genome of each patient have been demonstrated for cancer and

increasing numbers of other human diseases, interest has grown in applying this approach to dentistry.®

Figure Legends:-
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Fig.4:-
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Conclusion:-

It is apparent that the causative agents like periodontal pathogens act on tissues that possess inborn potentials of
reaction. Therefore, the contribution of hereditary factors in general must be considered in their relationship to other
etiological agents which act on the organism to produce the diseased state i.e., when a disease affects the person,
how fast and how severely symptoms of the disease progress.Unfortunately, with very few exceptions, association
studies of periodontitis have been very inadequately powered to detect genetic variation with modest effects on
disease risk or progression (i.e., sample sizes that are much too small). In addition, inconsistency with regard to the
methods used to classify subjects as periodontal cases versus controls or to quantitatively measure disease severity
and extent greatly limit our ability to draw sound conclusions by comparing results reported in different studies. But
they do not explain the complete heritability of periodontitis, and many more other genes, genetic elements, and
variants are yet to be discovered.

Advances in genetics not only determines the initiation and progression of the disease, also determines how the
person responds to different treatments in terms of both side effects and the success of alternative therapies studied
as pharmacogenomics which helps in individualising the treatment.
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