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Chapter

Genetic Biomarkers in Periodontal
Disease Diagnosis

Gurumoorthy Kaarthikeyan and Swarna Meenakshi

Abstract

Periodontitis is a chronic inflammatory disease with multifactorial etiology.
The anaerobic bacteria have been implicated as the main etiological factor for
periodontal destruction. Not all the individuals having the similar amount of plaque
and calculus develop the periodontitis. Thus, the host susceptibility to periodontal
pathogens plays a significant role in the etiopathogenesis of periodontitis. The
genetic factor is the major determinant of the host susceptibility. There are con-
tradictory results and varied results of the association of various genetic loci of
different genes with periodontitis in different ethnic populations. This chapter will
briefly discuss the various candidates’ gene approach in understanding the etio-
pathogenesis of periodontitis. This chapter also throws some light on the relation-
ship of the recent advances in genetic analysis like genome wide association studies,
epigenetic regulation, and infectogenomics with periodontal destruction.

Keywords: gene polymorphisms, SNPs, periodontitis, genome wide association
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1. Introduction

The interplay among the immune system, microbiota, and lifestyle habits like
smoking, alcoholism, stress, and diet that leads to constant changes in the host is
regulated by genes. These genes encode immune receptors and various molecules
involved in the signal transduction pathways that play an essential role in up regula-
tion or down regulation of the immune response essentially the inflammatory reac-
tion in response to a stimuli. Genetic research has focused on understanding how
these responses work and also how these responses differ between different individ-
uals. In addition to playing a role in health, the genetic factors also plays a major role
in disease susceptibility. This review focuses on the genetic aspects of periodontal
diseases wherein researchers are currently focusing on genetic evidences to explain
the difference in susceptibility to periodontal disease in different individuals.

Although very prevalent, periodontal diseases are not evenly distributed across
populations. Few people, who do not have much contributing local factors such as
plaque and calculus, still develop severe destruction of bone whereas some do not
develop severe forms of periodontal diseases in spite of having a very poor oral
hygiene. This differential expression of periodontitis leads researchers to question
if genetics and heritability played a major role. The first evidence that genetics
played a role in periodontal diseases emerged in the 1990s. Schafer et al. postulated
that a key determinant of whether individuals developed periodontitis or not was
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dependent on the way their bodies responded to the microbes [1]. Genetic factors
and environmental factors determine the susceptibility to disease.

A biomarker is a substance that could indicate a biologic state and is an objective
measure to evaluate the current and future disease activity. The National Institutes
of Health Biomarkers Definitions Working Group in 1998 defined a biomarker as
“a substance that is measured objectively and evaluated as an indicator of normal
biologic processes, pathogenic processes, or pharmacologic responses to a thera-
peutic intervention.” These biomarkers could be determined in various biological
media like saliva, serum, and gingival crevicular fluid in health as well as disease.
Generally, a combination of biomarkers is used in order to predict disease activity.

Genetic susceptibility to multifactorial diseases like periodontitis is usually due
to several gene polymorphisms instead of a single, or few, gene mutations. Subtle
variations in the genetic code may result in altered expression of the encoded
proteins, thereby making individuals with genotypes more susceptible to a given
disease.

The genetic link with the etiopathogenesis of periodontitis was started with the
initial finding of association of composite genotype (Interleukin-la and IL-1f) with
chronic periodontitis in Caucasian population by Kornman et al. [2]. Following
him, lot of studies conducted in different ethnic races linking the association
of composite genotype with periodontitis. But the results were contradictory in
nature. A variety of single nucleotide polymorphisms of various signaling factors,
receptors, connective tissue components, enzymes involved in the host defense
against the invading microbes have been reported by several researchers. Use of the
genetic risk score could be useful in assessing the susceptibility to periodontitis.
However, conflicting results have been reported because of the heterogeneticity of
the studies. Different variations in frequency of some alleles in different popula-
tions have been observed.

2. Candidate gene approach
2.1 Interleukin-1

Interleukin-1 (IL-1) is a pro-inflammatory cytokine, which is encoded by IL-1
gene cluster at the chromosomal position 2q13-21. It is produced by inflammatory
cells such as monocytes, macrophages, and dendritic cells, which play an important
role in the regulation of immune and inflammatory responses to infections. It is
composed of two molecules, IL-1a and IL-1f. The former regulates intracellular
events while the latter acts as an extracellular protein. It plays a major role in the
regulation of the inflammatory mechanisms. Studies by Lavu et al., Hao et al. have
proposed that IL-1 cluster gene single nucleotide polymorphisms were associated
with higher risk for periodontitis [3, 4]. Kornman et al. reported a relationship
between IL-1a —889 and IL-1f +3954 and the severity of periodontal disease [2].

Kobayashi et al. demonstrated that Asians had a low carriage rate of IL-1a —889
R-allele compared to the other populations [5]. A meta-analysis by Mao et al.,
showed that IL-1f +3954 polymorphism increases the risk of periodontal disease
[6]. Other authors like Amirisetty et al., Masamatti et al. suggested a strong
association of IL-1p —511 and +3954 with chronic periodontitis in Indians [7, 8].
Whereas the study by Kaarthikeyan et al. did not find any significant association
between interleukin-1f (+3954) polymorphism with chronic periodontitis in
Indian population [9].

Karimbux et al. in their systematic review and meta-analysis studied 13 studies
and found that IL-1a and IL-1p (IL-1a (—889) C > T, IL-1a (+4845) G > T, IL-1p
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(+3954) C > T, could be a significant contribution to the risk of developing peri-
odontitis [10]. Similarly, Yin et al. in their meta-analysis has found an association
between IL-1a rs17561 and IL-1p rs 1143634 polymorphisms and periodontitis [11].
IL-1 gene cluster single nucleotide polymorphisms cannot be considered a signifi-
cant risk factor for all populations. They seem to contribute to risk of periodontitis
in Asian populations.

2.2 Interleukin-6

Interleukin-6 is produced during inflammation by T cells. It is encoded by the
IL-6 gene localized on chromosome 7p21. Interleukin-6 is a potent bone resorb-
ing cytokine. It activates and regulates the osteoclasts. Thus, this plays a major
role in the susceptibility and progression of periodontal destruction. Zhang et al.
found significant association between IL-6 —1363 G/T and IL-6R +48,892 A/C
polymorphisms with periodontitis in Chinese population [12]. In a meta-analysis by
Nikolopoulos et al. on cytokine gene polymorphisms such as IL-1a, IL-1f, IL-6, and
TNF which included 53 studies, no significant association was detected between
IL-6 and chronic periodontitis [13].

2.3 Interleukin-10

It is an anti-inflammatory cytokine expressed by T helper cells. It is encoded
on gene at 1q31-g32. The major regions of interleukin-10 single nucleotide poly-
morphisms studied were —1082, —819, and —592. However, conflicting results have
been obtained. Berglundh et al. found positive associations between IL-10 SNP and
periodontitis in Swedish and Brazilian population [14]. Scarel-Caminaga et al. did
not find any significant association in the Caucasian population [15].

2.4 TNF-«

It is a proinflammatory cytokine produced by macrophages. Gene localized at
6p21.3. A meta-analysis by Nikolopoulos et al., which based on 17 studies showed
that there was no association of the TNF-a promoter —308G/A polymorphism
with periodontitis while another meta-analysis by Song et al. which also included
17 studies found that TNF-a —308 A allele was associated with periodontitis in
Brazilian, Asian, and Turkish populations [13]. Ding et al. in their meta-analysis
based on 15 studies found an association between TNF-a SNP and periodontitis in
Asian and Caucasian population [16]. Thus, the role of TNF-a SNP in the etiopatho-
genesis of periodontitis has to be explored with further studies.

2.5 TGF-p

It is a multifunctional cytokine that plays an important role in cellular differ-
entiation, apoptosis and angiogenesis. It exists in three isoforms TGF-f1, 82, and
p3. Cui et al. in their meta-analysis found significant association between TGF-p
SNP and periodontitis in Asian population. However, few other studies by different
authors did not show any association.

2.6 IFN-y

Produced by natural killer cells. The gene is located on chromosome 12q24.
Heidari et al. found an association between IFN-y SNP in Iranian population, while
Holla et al. did not find any significant association [17].
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2.7 Vitamin D

Vitamin D and Vitamin D receptor are important mediators of bone metabolism.
SNPs or dysfunction could lead to bone resorption. The gene encoding vitamin D is
located on 12q12-q14.

Gross et al. in their study found that Fokl polymorphism was associated with
periodontitis. Brett et al. in their study found Taql, Bsml, FokI and Apal SNPs were
associated with periodontitis [18]. Kaarthikeyan et al. did not find any significant
association of VDR Taql polymorphism with periodontitis in south Indian popula-
tion [19]. Mashhadiabbas et al. in their meta-analysis based on 38 studies found an
association of vitamin D receptor Bsml, Taql, FokI, and Apal polymorphisms with
periodontitis [20].

2.8 Matrix metalloproteinase and tissue inhibitor of matrix metalloproteinase

Matrix metalloproteinases (MMPs) are the key enzymes, which play a major role
in the destruction of the collagenous and non-collagenous proteins of the connec-
tive tissue component. This is essential for maintaining the normal tissue homeo-
stasis. To date, at least 26 members of MMPs have been identified. In periodontitis,
this tissue homeostasis is altered with more destruction of connective tissue
components and less inhibition by the TIMPs. Elevated levels of MMP-1, MMP-

2, MMP-3, MMP-8, and MMP-9 have been detected in gingival crevicular fluid,
peri-implant sulcular fluid, and gingival tissue of periodontitis patients. Thus, the
genetic changes of the MMPs and TIMPs might play a role in the etiopathogenesis of
periodontitis. According to Li et al., there was no significant association of MMP1,
8,9, 12, 2, or 13 polymorphism with periodontitis. They did a meta-analysis of 17
studies [21]. Thus, the role of MMPs and TIMPs gene polymorphism with periodon-
titis has to be explored with further refined studies.

3. Genome wide association analysis

Rhodin et al. in their systematic analysis listed top genes NIN, ABHD12B,
WHAMM, AP3B2, CPEB1, HGD, ZNF675, EMK1, TNFRSF10B, HTR4, WDR59,
JDP2, OTOF, ANGEL2, etc. that showed evidence of association with severity of
periodontitis and colonization of microorganisms [22]. GWAS is a recent devel-
opment in the field of research. It highlights suggestive loci that could play an
important role in periodontitis. However, the method is expensive and technique
sensitive. Many GWAS in periodontitis has been carried out and has shown differ-
ential expression of varied genes [23-26].

4. Epigenetic modifications

Epigenetic modifications such as DNA methylation, histone modifications and
RNA-associated silencing (micro RNA) play a role in susceptibility to disease. These
modifications express or repress certain genes.

Loo et al. in their study showed that methylation of E-Cadherin and COX-2
was observed in periodontitis patients. Nahid et al. demonstrated the expression
of miR-146a in infections caused by periodontopathic bacteria. Park et al. in their
study observed that miRNA-132 played a major role in pathogenesis induced by
P. Gingivalis. Several studies have reported the influence of various microRNAs
especially miR-146a, let-7a, miR-196a, miR-499a, and miR-125a in susceptibility to
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chronic periodontitis [27-29]. Priyanka et al. in their study have found association
of microRNA-125a and microRNA-499a polymorphisms with chronic periodontitis
in south Indian population [30].

5. Infectogenomics

Infectogenomics refers to the association of the host genetic variants like single
nucleotide polymorphisms with the composition of the microbial complexes in the
host body. The recent meta-analysis by Nibali et al. has shown an association of 13
host genetic variants with the red/orange complex bacteria in periodontitis. The
study by Divaris et al. has shown an association of two genetic loci (KCNK1 and
DAB2IP) with high colonization of red complex bacteria. A more detailed knowl-
edge of the human oral microbiome could provide more information on its associa-
tion with host genetic variants [31, 32].

6. Conclusion

Although there are several studies that associate various candidate gene poly-
morphisms to periodontitis, till date there is not much clarity in the genetic suscep-
tibility to the disease since there are a multitude of etiological factors and epigenetic
factors that contribute to the susceptibility as well as severity of periodontal disease.
Future research should focus on the multitude of genes, their multiple interac-
tions and the epigenetic regulation during different stages of periodontal disease
pathogenesis is required to fully understand the molecular mechanisms behind the
etiopathogenesis of periodontitis.
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