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ABSTRACT

Introduction: Recently genes act as hereditary blueprints of humans in our modern evidence-
based dentistry era, Genomic wide association studies (GWAS) have investigated genetic and
environmental factors which are considered instruments in genesis of complex and wide range of
oral & maxillofacial disorders and syndromes. Their findings indicated that genetic mutation &
polymorphisms are involved in periodontal diseases and temporomandibular disorders (TMDs)
etiology & play a role by contributing to small effects and in determining the course and outcome
of these disorders. Oral tissues are unique in different aspects, but they share many genetic
etiopathogenesis of various disorders that are common to tissues throughout the body. Conditions
affecting oral and maxillofacial tissues may occur as a part of systemic conditions or syndromes or

single gene mutation or multifactorial gene disorders or X-linked diseases.

Objectives: This article provides scopic reviews on the previous and current human genetics
factors association with oral, periodontal, and temporomandibular disorders, which may lead to

revolutionized treatment and prevention plans in the future.

Methods: Databases search of literature were reviewed including Egyptian knowledge bank
(EKB), and PubMed (NIH) by using scientific terms for periodontal disorders, oral diseases, TMDs
and genetic mutation. Bibliographies of additional articles were reviewed to identify additional
studies of relevance.

KEYWORDS: Single gene disorders, X-linked, Gene mutations, Periodontal diseases,
Temporomandibular disorders, Genetic multifactorial.

INTRODUCTION controlled by DNA and the inherited characters. Oral

Human genetic disorder can be defined as any diseases with genetic etiology expand to represent

disease that are caused by alteration in one or more ~ more than one category of genetic disorders. Many

gene. This includes the study of both cellular changes  periodontal diseases are multifactorial that show the
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involvement of environmental factors side by side to
one or more genetic factor. On the other hand, a lot
of single gene and chromosomal disorders express
oral manifestations. Chromosomal anomalies show
a wide of phenotypical alteration that extend to
include oral manifestations. Such anomalies either
belongs to autosomes or sex chromosomes affecting
oral health.

In the past, such structural factors, as dental oc-
clusion was given a considerable attention, with the
assumption that malocclusion could change proper
muscular and TMJ function, and therefore, lead to
temporomandibular disorders (TMDs)!-». TMDs is
a scientific term represents a group of complicated
musculoskeletal conditions involving the joint,
muscles and associated structures and is character-
ized by orofacial pain, physical impairment, and
noise in the temporomandibular joint (TMJ) ©©,
However, recent studies accepted the biopsycho-
social model of the multifactorial nature of TMD,
which depends on contribution of biological, psy-
chological, and social factors to TMD development
™. This conceptual model emphasizes environmen-
tal factors influence and its association with genetic
aspects and synergistic action of gene-environment
interactions in modulating TMJ dynamics &',

Although some studies results showed interest-
ing associations ‘', the exact genes and genetic
polymorphisms involved in the TMD risk or protec-
tion remain unknown. This paper is an attempt to
shed light on the relevant genetic diseases affecting
oral region periodontal tissues and temporoman-
dibular joint.

Multifactorial disorders:

The genetic contributions to etiology of
periodontal diseases determines the genetic mutation
or the resulted proteins that cause alteration in the
phenotype. These genetic contributions usually act
in concert with certain environmental factors (e.g.,

microbes, diet, or smoking). The external factors
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can provoke the genetic changes which has an initial
readiness to cause disease. The genetic factors (i.e.,
disease alleles) contributing to complex diseases are
prevalent in the population V. Periodontal diseases
are a group of chronic multifactorial inflammatory
disorders that affect the periodontium. Severe,
irreversible forms of periodontitis are highly
attributed to genetic factors in terms of etiology?.

Alzheimer’s disease (AD) is a neurodegenerative
disorder characterized by a progressive decline
in memory, judgment, and cognitive skills. This
condition may also be associated with higher
levels of inflammatory markers and antibodies in
individuals with periodontal disease *

According to Kamer et al ! specific pathogens
contribute to the “initiation, maintenance and pro-
gression” of plaque biofilm and periodontal disease.
As the biofilm matures, the periodontal bacteria
thrive while simultaneously defending and protect-
ing the ecosystem against foreign antigen invasion
via exogenously derived antibacterial and host de-
fense mechanisms. Potentially, the periodontal in-
fection can metastasize to other areas distant from
the oral cavity, triggering an inflammatory response
that damages extraoral tissue.

Gene mutations effects on oral health:

Genes coding, transcription, and mutations have
been reported in literature to influence teeth genesis,
positional anomalies, and morphology. Site specific
patterns for anteroposterior position of teeth are
influenced by HOX genes. ¥

Posterior site development of tooth buds can
be influenced by agenesis of third molar and lower
second premolar, which MSX1 regulator gene is
responsible for. 1

Palatal displacement of canines leading to
impaction of ectopic tooth is related to tooth agenesis
and agenesis of lower second premolar contributes
to positional anomalies of canines. 1
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Among other famous causes of ectopic dentition
ishyperdontia. Hyperdontiais atermused to describe
supernumerary teeth, evidence of hyperdontia
being closely related to genetics is explained in
literature. Hyperdontia has been suggested to be
autosomal dominant either in isolation or as a part
of a syndrome, such as cleidocranial dysplasia and
Gardner syndrome. 17

Cleidocranial dyplasia is the most famous
syndrome linked with supernumerary teeth. It is
an autosomal dominant skeletal dysplasia caused
by mutations in RUNX2 gene, responsible for
encoding transcription factor activating osteoblast
differentiation. (®

Gardner syndrome is a rare autosomal dominant
condition, caused by mutation in APC at 5q21,
and characterized by dental anomalies such as
impacted or unerupted teeth, hypodontia, abnormal
tooth morphology, supernumerary teeth, compound
odontomas, dentigerous cysts. ¥

In this regard, tooth agenesis, position anomalies,
and morphology are a component of genetically
controlled dental condition. (e.g., MSX1, MSX2,
DLX5, PAXO9).
eruption and impacted teeth are highly influenced

Such malposition, failure of

by dentition aplasia. ?®

Genome wide association analysis (GWAS) re-
vealed that top genes of association with severity
of periodontitis and colonization of microorgan-
isms include NIN, ABHD12B, WHAMM, AP3B2,
CPEB1, HGD, ZNF675, EMKI1, TNFRSF10B,
HTR4, WDRS59, JDP2, OTOF, ANGEL2, etc. V.
GWAS is a recent development in the field of re-
search. 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 differential expression of varied genes 2%,

with
temporomandibular joint disorders (TMDs); genes

Regarding genomic association
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involved in serotonin activity and metabolism
were investigated in different studies. Serotonin
transporter gene regulates the activity of serotonin,
which has two polymorphic regions: the variable-
number tandem-repeat (VNTR), and the gene-linked
polymorphic region (LPR). Higher transcriptional
activity was found to be more in the long alleles
when compared to the short alleles. This causes an
increased uptake of serotonin, leading to decreased
extracellular concentration of serotonin ®¥. Higher
risk of TMD can be correlated to presence of long
alleles while the presence of a short allele reduces
such risk 9.

ANKH gene

The murine ank gene and the human homolog
ANKH gene have been associated with ankylosing
spondylitis in humans. In the ANKH-OR polymor-
phic region of the ANKH gene, two alleles were
identified: the 1-allele and the 2- allele. Higher risk
of a particular TMD diagnosis is related to Geno-
types, both 1/1 and 2/2 in particular manifesta-
tions such as disc displacement without reduction
(closed lock) @7

HLA

It is the human major histocompatibility complex
which was identified with specific alleles that have
been associated with TMJ spondyloarthropathies
and can also affect the peripheral and axial joints.
% Higher risk for TMJ degenerative processes
progress might be associated with the subjects of
these alleles due to the presence of infectious agents
with ensuing host interactions and the resulting
inflammatory response being determined by their
HLA phenotype “*%.

Extracellular matrix metabolism (MMP)

Metalloproteinases (MMPs) production, an
inflammatory cytokine is modulated by compressive
stress on the synovial cells of the temporomandibular

joint (TMJ). G



(3282) E.D.J. Vol. 67, No. 4

They play a central role in many biological
processes, such as normal tissue remodeling, em-
bryogenesis, angiogenesis, wound healing and in
diseases such as atheroma, cancer, arthritis, tissue
ulceration and TMJ degenerative disease.®"” Cur-
rently, 23 MMP genes have been identified in hu-
mans, and most are multidomain proteins“?. Their
activity is regulated not only at the gene expression.
Level, but is also regulated by inhibitors, including
an MMP-specific family, tissue inhibitors of metal-
loproteinases (TIMPs) ¢,

Catecholamine activity and metabolism

Catechol-O-methyltransferase (COMT) is an
enzyme that catalyzes the degradation and reuptake
of catecholamines, including the neurotransmitters
epinephrine, nor-epinephrine, and dopamine. There
are two enzymes encoded by COMT gene that is
located at chromosome 22; 1* enzyme is soluble
COMT (S-COMT) and the 2™ is membrane-bound
COMT (MB-COMT) with 221 and 271 amino acids,
respectively. Many of the genetic polymorphisms
in the COMT gene have been linked to emotional
disorders, stress,*¥ painful conditions,*>*® and
TMD (37-43)‘

Apoptosis (programmed cell death)

It seems to be an important mechanism in pre-
natal and post-natal TMJ development. Bcl2 (B-cell
leukemia/lymphoma 2) and Bax (Bcl2-associated X
protein) are the genes that have been associated with
apoptosis at the condylar cartilage. In addition, Bcl2
appears to have an important role in maintaining
survival of chondrocytes during their proliferation,
differentiation, and maturation. “45

Orofacial pain prospective evaluation risk and
assessment (OPPERA) study

The OPPERA (Orofacial Pain: Prospective
Evaluation and Risk Assessment) is the first genetic
association study of TMD that have investigated a
substantial number of pain related candidate genes.
It is a wide 7-year prospective cohort study intended
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to assess environmental, biopsychosocial factors
and determine genetic elements precipitating in
TMDs. A group of scientists started the study and
evaluated the results. Regarding the role of genetic
factors, seven genes were found to be related to
TMD, they provide tentative evidence that chronic
TMD is influenced by genetic contributions within
several gene loci, including NR3C1, CAMK4,
CHRM2, IFRD1, GRKS, HTR2A and COMT.

NR3C1

Three polymorphisms of the glucocorticoid
receptor NR3C1 gene were associated with a lower
risk of TMD. The receptor is the binding site of
cortisol and a major element of the hypothalamic—
pituitary—adrenal system, which has been correlated
with the pathophysiology of TMD.

CAMK4, CHRM2, IFRD1, GRKS

Also, the polymorphisms of the calcium/calmod-
ulin-dependent protein kinase 4 gene, the muscarin-
ic cholinergic receptor 2 gene, the interferon-related
developmental regulator 1 gene, and protein-cou-
pled receptor kinase 5 gene were correlated with the
risk of TMD. @9

X linked disorders:

More than 100 X linked human hereditary dis-
orders or traits have now been identified “”. All the
effects of sex chromosomes on periodontal disease
have been associated with the X chromosome. Re-
garding many of the X-linked conditions reviewed,
the association of gingivitis and / or periodontitis
reported with the syndrome has been inconsistent
and raises the question of whether the observed
periodontal manifestations were truly a constant
finding, arising as a result of the underlying genetic
etiology of the condition.“®

Evidence to association between X-linked
genetic diseases and periodontal diseases are lacking
and a relationship between these two entities cannot
be adequately substantiated. To determine if there
is truly a disease association between an X-linked
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syndrome and periodontitis, standardized, masked
studies with sufficient power will be required.

X-linked diseases and their implication on tooth
loss

Disorders associated with the X-chromosome
have been reported to affect periodontal health in
various degrees. Severe irreversible forms of peri-
odontitis can be linked to genetic factors.

Itis well established that periodontal health plays
an important role in differences of tooth retention,
edentulism, and rate of tooth loss among patients.
That is to say that periodontal health will directly
affect the rate by which teeth are extracted among
those suffering from such diseases. ©”

The following diseases are among some of
X-linked diseases that affects periodontal health
and bone loss patterns and therefore directly affects
the rate of tooth loss.

Lowe syndrome (oculocerebrorenal syndrome),
which is a X-linked recessive disorder due to
mutation in OCRL1 gene in X-chromosome has a
wide array of documented periodontal findings like
periodontitis with severe bone loss, tooth mobility,
and widened periodontal ligaments. ¢!-5%

Hypophosphatemic rickets is another genetic
X-linked dominant variant of rickets where
administration of Vitamin D is ineffective. It is also
known as X-linked hypophosphatemia (XLH). XLH
is due to a mutation in the phosphate-regulating
endopeptidase gene leading to function loss of
this gene (X- linked PHEX), resulting in fibroblast
growth factor 23 (FGF23) overactivity. Among the
dental findings are advanced periodontal diseases
with general alveolar loss, recurrent abscesses and
sinus tract involving trauma free and/or carious
teeth of both dentitions especially anterior teeth.
Such teeth may require extraction, and sometimes
surgical resection. 439

Amelogenesis imperfecta is a group of inherited
disorders affecting maturation and mineralization
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of enamel. The X-linked variant differs from other
variants as it affects both dentitions. It is caused
by defect in Amelogenin gene, this gene which is
represented on both X and Y chromosomes. The
AMELX;amelogenin on X-chromosome contributes
to 90% of the body amelogenin. Among the dental
findings in amelogenesis imperfecta (be it X-linked
or autosomal) include gingivitis, periodontitis, and
poor oral hygiene with high caries index. These
finding are mostly secondary finding due to rough
enamel surface and inability to maintain proper oral
hygiene due to tooth sensitivity. ¢7°%

It is to be concluded that some X-linked diseases
affects periodontal health and alveolar bone loss,
thus greatly influencing antemortem tooth loos
(AMTL). Not enough evidence exists to truly
associate X-linked disease and progressive tooth loss
due to multiple biases in research and the fact that
progressive tooth loss cannot always be connected

to presence of a X-linked disease exclusively.

Genetic disorders can negatively impact oral
health, and indications for periodontal care may
be the first sign of an undiagnosed genetic disease.
Until recently, the relationship between genetic dis-
orders and periodontal disease was unclear. As our
understanding of the underlying mechanisms and
systemic pathophysiology of numerous genetic dis-
orders broadens, new research has uncovered a pos-
sible association between these types of disorders
and periodontal disease.

X-linked diseases and their implication on TMDs

TMDs are significantly more prevalent in wom-
en than in men, and sexual hormones, especially es-
trogen, may contribute to female predominance.®”
Since, TMJ disc is made up of collagen and elastin
and female hormones metabolically affect its car-
tilage cells. Estrogen along with progesterone, in-
creases cytokines synthesis and has a role in remod-
eling and degenerative function affecting bone. ¢!
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Autosomal disorders:

Marfan syndrome (MFS) is an autosomal
dominant genetic disorder affects connective tissues
and caused by mutations in the fibrillin-1 gene. Since
the periodontium is rich in connective tissue, oral
manifestations of MFS are common. Systemically,
MEFES is associated with cardiovascular disease
complications that increase morbidity and mortality
for MFS-affected individuals.

According to Suzuki et al ©¥ periodontal
pathogens provoke a host immuno-inflammatory
response characterized by the release of cytokines
and matrix metalloproteinases.

Other MFS-associated oral manifestations
include hypoplastic enamel spots, root deformity,
abnormal pulp shape, pulpal inclusions, calculus,
and gingival inflammation, which increase the
risk for dental disorders. Additionally, Suzuki et al
found that individuals with MFS and cardiovascular
disease exhibited a higher incidence of periodontitis
compared to healthy controls.

Another interesting finding is the effect of
MES on the PDL, which is structurally damaged
due to a mutation of the fibrillin-1 gene. Studies
conducted to clarify the function of elastic fibers in
the PDLs of healthy patients as compared to PDL
cells of individuals with MES reported a mutation
in the cbEGF domain, which is a critical alteration
of the fibrillin-1 gene.3,4 As a result, mutations of
the fibrillin-1 gene affect the normal development
and function of the PDL fibers and make it more
susceptible to periodontal breakdown. 6469

Ehlers-Danlos syndrome (EDS) is a heteroge-
neous connective tissue disorder characterized by
variable degrees of skin hyperextensibility, fragil-
ity, scarring, minimal-to-moderate joint hypermo-
bility (usually limited to the digits), and increased
likelihood of bruising upon light trauma. The Type
VIII form of EDS is a rare autosomal dominant dis-
order that exhibits periodontal manifestations. Rah-
man et al “” reported that EDS is a disorder of the
metabolism of fibrillar collagen. Mao and Bristow
® demonstrated that gene mutations (COL5A1 or
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COL5A2) play a role in the classic EDS presenta-
tion. Additional mutations (tenascin-X) have been
reported, suggesting effects beyond that of collagen
metabolism alone. ©”

Currently, there are no consistent molecular
or biochemical markers that can detect EDS Type
VIII. Unlike other types of EDS, severe early onset
periodontitis is a primary oral feature of EDS Type
VIILS

Rahman et al ©” examined the dental features,
dermatological features and other clinical abnor-
malities consistent with the diagnosis of EDS in a
large family consisting of five generations. The in-
vestigation showed demonstrable gingival recession
and severe periodontal inflammation first identifi-
able in childhood, with rapid progression through
adolescence and adulthood. Radiographs of selected
family members indicated progressive loss of the
hard and soft tissues of the periodontium, leading
to edentulism. They identified a candidate gene on
chromosome 12, but this was not consistent across
the families, suggesting that EDS Type VIII is a ge-
netically heterogeneous disorder.

Papillon-Lefevre syndrome (PLS) is a rare au-
tosomal recessive disorder that can manifest as
periodontitis. Affected individuals exhibit a homo-
zygous mutation within the gene that encodes lyso-
somal protease cathepsin C (CTSC), that expressed
in epithelial and immune cells (mainly neutrophils
and macrophages). The genetic mutations of CTSC
gene expresses the two distinguishing clinical hall-
marks of PLS. The first increase susceptibility to
periodontitis, especially at a young age. Second,
since CTSC is expressed on epithelial cells, muta-
tions of the CTSC gene will lead to gross thickening
of the palmoplantar hyperkeratosis. 7

Neurofibromatosis is an autosomal dominant
“characterized by
multiple cutaneous lesions and tumors of the central

neurocutaneous syndrome

and peripheral nervous system.”'® Individuals
with neurofibromatosis Type I (NF-1) exhibit
oral manifestations in nearly 72% of cases. Javed
et al reported that affected individuals exhibit
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unilateral non-tender enlargement of the gingiva,
periodontitis, impacted and supernumerary teeth,
morphological changes in teeth, and an Angle Class
III molar relationship. Patients with NF-1 also tend
to have poor and irregular oral hygiene, which can
lead to gingival bleeding and excessive plaque. 172

Epigenetics and oral diseases

Epigenetics in dental research is at the early
stages and most of studies focus on medicine
and biology. However, studies on epigenetics in
dentistry deserve attention because epigenetic
mechanisms play important roles in gene expression
during tooth development and may affect oral
diseases. DNA methylation, histone modification,
and non-coding RNAs are epigenetic mechanisms
control genetic alterations. The three mentioned
mechanisms are influenced by genomic imprinting,
early development, environmental factors (such as
diet, smoking & age), inflammation and cancer 7

DNA methylation is crucial for proper regulation
of the genome. According to recent studies in the
field of dentistry, DNA methylation patterns can be
altered by a persistent inflammation 7*’>. Changes
of DNA methylation patterns and cytokine gene
expression can be noticed in chronic periodontitis
7678 Tn addition, healthy and inflamed dental pulp
show different methylation patterns 7.

Previous studies revealed the relationship
between DNA methylation, periodontitis, and
systemic diseases. The epigenetic regulation in RA
and periodontitis were evaluated and compared. It
has been found that periodontitis shares Rheumatoid

arthritis (RA) the pathogenesis pathway 747580,

The possible association between chronic
periodontitis and cancer on the molecular level
interpret why periodontitis was associated with high
ratios of cancer mortality ®!82,

Epigenetic changes in periodontitis and breast
cancer have been evaluated by Loo et al. (2016).
The results revealed that the promoters of Cadherin
and COX2 were hypermethylated the most
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frequently in breast cancer, followed by periodontitis
and the least frequently in controls &

In another investigation assessing the
methylation status of the extracellular matrix (ECM)
organization-related ~ genes, indicated
that smoking might change the transcription and

methylation status of ECM organization-related

findings

genes, which aggravated the periodontal disease ®%

Recent studies have reported that histone
modifications may induce differentiation and
mineralization in dental pulp stem cells. Histone
acetylations and deacetylations play crucial roles
in regulations of gene expression and promote pulp

repair and regeneration ®%7,

Non-coding RNAs are involved in oral dis-
eases, as reported in dental studies, such as specific
syndromes, oral cancer, and oral immunology. **#
In addition, recent studies have demonstrated that
miRNAs play essential roles in odontoblast differ-
entiation. 88

Folate metabolism & TMDs

Myofascial pain and dysfunction are highly in-
fluenced by nutritional lack of folic acid, and these
deficiencies are frequent in cases of mechanical
stress of the TMJ. Folate metabolism participate in
the synthesis of nucleic acid, and its role in regu-
lating DNA and protein methylation has an impact
on the formation of any growing tissue. Four poly-
morphic variants of three genes related to folate
metabolism have been found to be associated with
a higher risk of TMD. ®® The first of these genes
is the serine hydroxymethyl transferase 1 gene,
encoding the homonymous enzyme that intervenes
in the folate synthesis. A second gene is the methy-
lenetetrahydrofolate dehydrogenase 1, encoding
another enzyme involved in folate synthesis. The
polymorphism of the gene of another enzyme, the
methionine synthase reductase, has been related
to higher risk of TMD. The metabolic effect of all
these variants is similar, causing the result of aug-
menting folate levels. ©V
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