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ABSTRACT

1. Background

The “Genetic Park of Friuli-Venezia Giulia (FVG)” is a research project started in 2008 with
the aim of studying multifactorial traits and diseases in isolated communities located in the
FVG region, north-eastern Italy'-2.

Multifactorial traits and diseases are caused by the complex and simultaneous interaction of
genetic and environmental factors>.

Regarding odontostomatological multifactorial traits, so far, more studies have been carried
out about dental caries and periodontal disease*> while little is known about orthognatic
traits. In particular, as regards the genetic background of bruxism, to date, only approx. ten
genes have been hypothesized to be involved in its complex etiology which remains mainly
unclear and unexplored’.

Within the “FVG Genetic Park” project, hundreds of functional parameters including clinical
biochemical data plus several phenotypes e.g., neurological, audiological, cardiological,
nutritional and odontostomatological, were collected in about 2.500 individuals allowing the
creation of a unique bio-database for the FVG region (and a distinctive example for the

country), for the study of the most common complex traits and diseases'~.

2. Aim of the study

The present study was focused on bruxism phenotype and aimed to deepen the knowledge
of its etiology by investigating the influence of the genetic and non-genetic factors in north-
eastern Italy’s isolated populations within the context of the wider research program named
“FVG Genetic Park”. In detail, the main aims were: 1) to epidemiologically characterize
bruxism in an Italian cohort of individuals coming from FVG genetic isolates, 2) to identify
new genes potentially associated with bruxism through a Genome—Wide Association Study
(GWAS) and, 3) to verify the genes described in the literature as already associated with

bruxism.
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3. Materials and methods
3.1 Study design and ethics approval

The present epidemiological retrospective cross-sectional and GWA study was approved by
the Ethical Committee of the Institute for Maternal and Child Health — IRCCS “Burlo
Garofolo”, Trieste and performed on data collected between March and November 2008 in
five isolated villages (Erto — Casso, Clauzetto, Illegio, Sauris and Val di Resia) of the FVG

region as part of the “FVG Genetic Park” research program.

3.2 Study population

Participants in the “FVG Genetic Park” research program were included in the present study
according to the inclusion and exclusion criteria listed below.

Inclusion criteria. Individuals with available data on bruxism phenotype as well as
individuals with available DNA samples (for the GWAS approach).

Exclusion criteria. Individuals presenting a primary dentition and edentuolous.

All participants of the “FVG Genetic Park” signed a written informed consent before their

enrollment and parents/legal guardians signed for underage participants.

3.3 Data collection

A structured questionnaire (more than 200 questions) was used to collect demographic data
(age, sex, village of origin) and a very detailed familial and individual medical history from
“FVG Genetic Park” project participants.

Diseases were classified according to the International Classification of Diseases and
Related Health Problems — 10th Revision (ICD-10)°.

Bruxism was clinically diagnosed considering both the presence of signs of tooth wear (due
to attrition) on opposing teeth, hypertrophy at palpation and visual inspection of masticatory
muscles (temporalis and masseter) and/or pain at the palpation of these muscles. In addition,
participants were asked if they were aware of tooth grinding and/or clenching!%!1:12,

The DNA extracted from peripheral blood samples was used for genotyping individuals with
[lumina 370k/700k/MEGA SNP array (Illumina Inc., San Diego, CA, USA).

3.4 Data analyses

A descriptive statistical analysis was carried out including frequency and percentages for

categorical variables and both mean and standard deviation for continuous variables.
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The chi-square test was performed to evaluate the association between bruxism and each
possible risk factor: anxiety disorder (AD) and depressive disorder (DD) — codes F 41.9 and
F 32.2 or F 32.9 of the ICD-10, smoking habit, alcohol and caffeine consumption; the
presence or absence of the tested disease/issue was coded respectively 1 or 0. Logistic
mixed-effect regression models adjusted for age, sex and village of origin were used to test
any variable significantly associated with bruxism to verify whether it could be an
independent predictor of the outcome.

All analyses were performed using the R software version 4.1.2 (R Foundation for Statistical
Computing, Vienna, Austria). The level of significance was set to p-value < 0.05.

A case-control GWAS (135 cases, 525 controls) adjusted for age, sex, village of origin and
AD was performed with REGENIE software'?; Single Nucleotide Polymorphisms (SNPs)
with a p-value < 1x107 were considered as suggestive significant.

The GTEx Database, release v8'4, was used to analyze the human gene expression levels for

each genomic region identified by the GWAS.

4. Results and discussion

Results of the epidemiological analysis showed that the prevalence of bruxism in the studied
population was estimated at 20.9%: 161 individuals (21.4% F) with a mean age of 42.7 +
18.9 years presented bruxism out of 679; data were in line with the global prevalence of
bruxism reported in the literature!%!>,

AD was arisk factor for bruxism (OR =2.55; 95% CI 1.18 — 5.21; p-value = 0.014) according
to the literature!®!”; cases showed a higher prevalence of AD (8.1%) than controls (3.1%).
As regards genetics, the GWAS analysis highlighted three new candidate genes: NLGNI
(top SNP rs2046718; p-value = 2.63x107), RIMBP2 (top SNP rs571497947; p-value =
4.68x107) and LHFP (top SNP 1s2324342; p-value = 7.47x10%). NLGNI encodes a
transmembrane protein (Neuroligin 1) localized to the glutamatergic excitatory synapses
involved in the formation and remodeling of central nervous system synapses in mammalian
brain'®!?; RIMBP2 (Rab-Interacting Molecule-Binding Protein 2) encodes a multidomain
protein involved in pre-synaptic transmission regulating voltage-gated Ca?* channels
localization and neurotransmitter release?® and, LHFP is a member of the lipoma HMGIC

(High-Mobility-Group protein Gene) fusion partner (LHFP) gene family encoding a

tetraspan transmembrane protein®!.
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The GTEXx analysis identified these genes as mainly expressed in the brain tissue supporting
bruxism as a centrally regulated phenomenon!.

The genes described in the literature as already associated with bruxism were not replicated.

5. Conclusion

To the best of our knowledge, this study is the first Italian GWAS on bruxism. The findings
highlighted three new promising candidate genes potentially involved in the neurobiological
mechanisms underlying bruxism’s etiopathogenesis. Further studies are however needed to

shed light on their relevance and pathophysiological roles.



RIASSUNTO

1. Background

Il “Parco Genetico del Friuli-Venezia Giulia (FVG)” ¢ un progetto di ricerca iniziato nel
2008 con lo scopo di studiare le pit comuni patologie e tratti multifattoriali in comunita
isolate della regione FVG, nel Nord-Est d’Italial-.

I tratti e le patologie multifattoriali presentano un’eziologia complessa che ¢ caratterizzata
dall’interazione simultanea di fattori genetici ed ambientali®.

Per quanto riguarda i tratti odontostomatologici complessi, fino ad ora, sono stati condotti

4.6 mentre ridotte sono le conoscenze

piu studi sulla carie dentaria e la malattia parodontale
disponibili circa i tratti ortognatodontici. In particolare, per quanto concerne il background
genetico del bruxismo, ad oggi, solamente una dozzina di geni sono descritti in letteratura
come probabilmente coinvolti nella sua complessa eziologia che rimane per lo pit non chiara
ed inesplorata’.

Nell’ambito del progetto “Parco Genetico del FVG”, sono stati raccolti centinaia di
parametri funzionali inclusi dati clinici, biochimici € numerosi fenotipi tra cui ad esempio,
neurologico, cardiologico, nutrizionale ed odontostomatologico in circa 2.500 individui; i

dati raccolti hanno permesso la creazione di una biobanca dati unica per la regione FVG (e

distintiva per il Paese) per lo studio dei tratti e delle patologie complesse'.

2. Scopo dello studio

Oggetto del presente lavoro ¢ stato lo studio dell’eziologia del bruxismo attraverso un’analisi
statistica volta ad individuare i fattori genetici ed ambientali coinvolti, in popolazioni isolate
del Nord-Est d’Italia nel contesto del piu ampio progetto di ricerca “Parco Genetico del
FVG”. Nel dettaglio, gli obiettivi del lavoro sono stati: 1) caratterizzare da un punto di vista
epidemiologico il bruxismo, in una coorte Italiana di individui provenienti da isolati genetici
del FVG, 2) identificare nuovi geni potenzialmente associati al bruxismo tramite
I’esecuzione di uno studio di associazione sull’intero genoma (Genome—Wide Association

Study) e, 3) verificare i geni descritti in letteratura come gia associati al bruxismo.
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3. Materiali e metodi
3.1 Disegno ed approvazione dello studio

Il presente studio epidemiologico retrospettivo trasversale ed analisi GWA ¢ stato approvato
dal Comitato Etico dell’Ospedale Materno Infantile — IRCCS “Burlo Garofolo”, Trieste ed
¢ stato eseguito su dati raccolti tra marzo e novembre 2008 in cinque paesi isolati della
regione FVG (Erto — Casso, Clauzetto, Illegio, Sauris e Val di Resia) come parte del

programma di ricerca “Parco Genetico del FVG”.

3.2 Popolazione oggetto dello studio

I partecipanti del programma di ricerca “Parco Genetico del FVG”, sono stati inclusi nello
studio secondo i criteri di inclusione ed esclusione descritti di seguito.

Criteri di inclusione. Individui con dati disponibili sul fenotipo bruxismo ed individui con
campioni di DNA disponibili (per I’analisi GWAS).

Criteri di esclusione. Individui in dentatura decidua ed individui edentuli.

Tutti i partecipanti del “Parco Genetico del FVG” hanno firmato il consenso informato prima

di venire arruolati; i genitori/tutori legali hanno firmato per i minorenni.

3.3 Raccolta dati

I dati demografici (eta, sesso, paese d’origine) ed una dettagliata anamnesi personale e
familiare sono stati raccolti tramite 1’utilizzo di un questionario strutturato (con piu di 200
domande) per ogni partecipante del “Parco Genetico del FVG”.

Le patologie sono state classificate in riferimento alla Classificazione Internazionale delle
Patologie e dei Problemi — 10" edizione (ICD-10)°.

11 bruxismo ¢ stato diagnosticato clinicamente considerando sia la presenza di segni di usura
dentale (da attrito) su denti antagonisti che ipertrofia alla palpazione ed ispezione dei muscoli
masticatori (temporale e massetere) e/o dolore alla palpazione degli stessi. Agli individui ¢
stato inoltre chiesto se fossero consapevoli di digrignare/serrare i denti'%!H12,

I1 DNA estratto dai campioni di sangue venoso ¢ stato utilizzato per la genotipizzazione degli

individui con Illumina 370k/700k/MEGA SNP array (Illumina Inc., San Diego, CA, USA).

3.4 Analisi dati

E stata eseguita un’analisi statistica descrittiva dei dati in termini di frequenze e percentuali

per le variabili categoriche, media e deviazione standard per le variabili continue.
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11 test del chi-quadrato ¢ stato eseguito per valutare I’associazione tra bruxismo e ciascun
possibile fattore di rischio: disturbo d’ansia (AD) e disturbo depressivo (DD) — codici F 41.9
ed F 32.2 o F 32.9 dell’ICD-10, abitudine al fumo, consumo di caffeina ed alcol; la
presenza/assenza della patologia/condizione valutata ¢ stata codificata rispettivamente come
1/0. Modelli di regressione logistica ad effetto misto corretti per eta, sesso e paese d’origine
sono stati utilizzati per testare le variabili risultate associate al bruxismo in modo
significativo e verificare se fossero fattori predittivi.

Tutte le analisi sono state eseguite mediante il software R, versione 4.1.2 (R Foundation for
Statistical Computing, Vienna, Austria). Il livello di significativita ¢ stato fissato a p <0.05.
Un’analisi GWAS caso — controllo (135 casi, 525 controlli) corretta per eta, sesso, paese
d’origine e AD, ¢ stata eseguita tramite il software REGENIE!?; Polimorfismi a Singolo
Nucleotide (SNPs) con valore p < 1x107 sono stati considerati suggestivi.

Il Database GTEx v8'“ ¢ stato utilizzato per analizzare 1’espressione umana dei livelli genici

per ogni regione genomica identificata dal GWAS.

4. Risultati e discussione

La prevalenza del bruxismo nella popolazione di studio ¢ risultata del 20.9%: 161 individui
(21.4% femmine) con eta media 42.7 + 18.9 anni presentavano bruxismo su un totale di 679;
i dati erano in linea con la prevalenza globale del bruxismo riportata in letteratura'®!>,

AD ¢ risultato un fattore di rischio per il bruxismo (OR = 2.55; 95% CI 1.18 — 5.21; p-value
=0.014) in accordo con la letteratura!®!7; i casi presentavano una maggior prevalenza di AD
(8.1%) rispetto ai controlli (3.1%).

Lo studio GWAS ha evidenziato tre nuovi geni candidati: NLGN1 (top SNP rs2046718; p-
value = 2.63x107), RIMBP2 (top SNP rs571497947; p-value = 4.68x10”7) e LHFP (top SNP
1s2324342; p-value = 7.47x10°%). NLGNI codifica per una proteina transmembrana
(Neuroligina 1) localizzata a livello delle sinapsi glutammatergiche coinvolte nella
formazione e rimodellamento delle sinapsi del sistema nervoso centrale nel cervello dei
mammiferi'®!”; RIMBP2 (Rab-Interacting Molecule-Binding Protein 2) codifica per una
proteina multidominio coinvolta nella trasmissione presinaptica che regola la localizzazione
dei canali Ca®' voltaggio-dipendenti ed il rilascio di neurotrasmettittori’® e, LHFP & un
membro della famiglia di geni fusion partner (LHFP) del lipoma HMGIC (High-Mobility-
Group Protein Gene) che codifica per le tetraspanine?!. Inoltre, I’analisi relativa ai dati di

espressione utilizzando la piattaforma GTEx, ha permesso di evidenziare una maggiore
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espressione di questi geni a livello del tessuto cerebrale supportando cosi una regolazione
del bruxismo che avviene principalmente a livello centrale.

I geni descritti in letteratura come gia associati al bruxismo non sono stati replicati.

5. Conclusioni

Il presente studio ¢ il primo GWAS eseguito sul bruxismo in una popolazione Italiana. I
risultati hanno evidenziato tre nuovi geni candidati potenzialmente coinvolti nei meccanismi
neurobiologici dell’eziopatogenesi del bruxismo. Ulteriori studi sono tuttavia necessari per

approfondire la rilevanza ed i ruoli pato-fisiologici dei geni identificati.



Section 1

Chapter |

INTRODUCTION

1. MULTIFACTORIAL TRAITS AND DISEASES

1.1 Definition

Unlike monogenic diseases which have an exclusively genetic basis, multifactorial
traits and diseases are instead caused by the complex and simultaneous interaction of genetic
and environmental components?.

The genetic component is represented by two or more genes contributing additively to
the phenotypic expression?? while the environmental component comprises several factors
influencing the phenotypic expression which is therefore the final product of the contribution

of both components® as schematically illustrated in the figure below (Fig. 1).

GENES ENVIRONMENT

PHENOTYPE

Fig. 1 Schematic representation of genetic and environmental
interactions in phenotype determination.

Source: image created in BioRender.com
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1.2 Characteristics and heritability

Multifactorial traits can be expressed either as quantitative or qualitative phenotypes.
While quantitative phenotypes can be measured on a continuous scale and include e.g., the
blood pressure and the body mass index (BMI), qualitative phenotypes can be instead
distinguished into different categories without any specific order and include e.g., the skin
and hair color?.

When a quantitative trait is plotted on a graph, its phenotypic distribution is a Gaussian curve
(normal distribution) in which most phenotype observation clusters in the average while the
others present intermediate features®2>,

Multifactorial diseases include most of the modern systemic pathologies of our times
such as cardiovascular (e.g., hypertension, coronary artery disease, myocardial infarction),
metabolic (e.g., diabetes mellitus), neuropsychiatric, neurodegenerative (e.g., Alzheimer's
disease), autoimmune and musculoskeletal diseases, as well as several types of cancer’.

Multifactorial traits and diseases do not follow the well-known Mendelian laws of
inheritance but present instead the so-called complex inheritance>**?°, The complexity of
their inheritance comes from the fact that determining precisely the interactions between
genes and the environment is difficult because each involved gene may contribute differently
to the phenotype determination and the environmental factors are not easily identifiable and
measurable. The identification of all the genetic and environmental factors that are involved
in the determination of the phenotype and the evaluation of their interactions and effects, is
essential to fully understand the complex inheritance of multifactorial traits and diseases?>2>.
To evaluate and measure the interactions between genes and the environment, the phenotypic
variation, i.e., the variability in phenotypes existing in a population due to both the genetic
and environmental variances, must be examined?.

The concept of heritability (h?) expresses the genetic contribution to the phenotypic
expression of quantitative traits in a population i.e., how much the phenotypic variation is
due to genetic differences. H? is expressed as a numeric value ranging from 0 to 1 resulting
from the fraction below in which, Vg and Vp indicate respectively, the variance due to

genetics factors and the total phenotypic variance.

H?2=Vg/ Vp

10
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A high heritability indicates that the phenotypic variability originates mainly from genetic
factors and that the environment has a relative weight in its determination while a low
heritability means a high environmental contribution and a minimal genetic influence?.

While Mendelian diseases are single-gene diseases, in multifactorial diseases there is
instead a possible predisposition to get ill and a potential family aggregation i.e., multiple
affected individuals within the same family?.

The understanding of genetic differences among individuals is fundamental not only
to explain the individual susceptibility to complex diseases but also to analyze the response

to environmental factors as well as to specific therapeutic approaches?.

1.3 The study of multifactorial traits and diseases through genome-wide

association studies (GWAS)

Elucidating the contribution of genetic variation to multifactorial traits and diseases is

one of the major challenges of our century in the field of medical genetics?®.
In 2001, the release of the two reference versions of the human genome, derived respectively
from multiple donors and five donors, by the Human Genome Sequencing Consortium?’ and
the Celera Genomics?® marked the beginning of further new genome comparisons in the era
of personalized genomic information?’.

Nowadays, genome-wide association studies (GWAS) are the most widely used
method for linking genetic variation to phenotypic variability in the study of complex traits
and diseases. GWAS investigate the statistical associations between a certain trait or disease
of interest and genetic variants, mainly single nucleotide polymorphisms (SNPs), along the
whole genome of the considered sample?®**-°, SNPs are the most common type of human
genetic variants presenting a minor allele frequency (MAF) of at least 1% among
individuals®®3!. The estimated number of SNPs in the human genome is over 11 million,
with approximately 7 million of them having a MAF greater than 5%72%32,

To have sufficient statistical power to detect associations between genetic variants and

3033 and a

the trait or disease of interest, the design of GWAS requires large study samples
wide number of genetic markers, covering the whole genome’*3°, Samples need to be
properly phenotyped for the trait or disease to be evaluated as well as for potential
confounding factors and statistically powerful analytic methods have to be used to avoid any

biases in the findings?6-%37,

11
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Over the past twenty years, thanks to the identification of thousands of different /oci
that are involved in the predisposition or prevention of several common complex diseases,
the GWAS approach allowed to shed light on the mechanisms influencing the individual
susceptibility to diseases and the relationships between genotypic and phenotypic
variations?6-2%-32:38,

GWAS have thus revolutionized the study of complex traits and diseases but there is still
much to learn on this topic and future challenges mainly include the identification of the
molecular pathways underlying complex diseases to provide new potential drug targets for

developing individualized genetic therapies in the field of personalized medicine?6-2%-30-32:39,

1.3.1 Multifactorial odontostomatological traits and diseases

The most common odontostomatological traits and diseases such as e.g., dental caries,
periodontal disease, malocclusions, temporomandibular disorders (TMDs), dental enamel
defects (DDE), bruxism etc., present a multifactorial etiology with multiple environmental
factors acting additionally or synergistically between them and on a genetic predisposition.

To date, there is considerable scientific evidence on the importance of environmental
(e.g., behavioral and social) factors in the etiopathogenesis of these traits and diseases while
their genetic background is instead mainly unclear and unexplored*0:41:42:43.44.43.46.47.48.10,

The recent advent and diffusion of GWAS allowed in-depth genomic investigations

on the most common complex oral and craniofacial traits and diseases.
However, whereas for the main multifactorial systemic pathologies of our times, significant
progress was made®*°, the obtained findings from the studies on odontostomatological traits
and diseases are preliminary and the exact contribution of genomics in their etiology is
mainly unknown and currently under investigations®.

49.5.6,504 “\which are the

Up to now, several GWAS on dental caries and periodontal disease
most widespread complex oral diseases*, are available in the literature while only a few
GWAS have been carried out on malocclusions®!, TMDs>? and DDE®.

As for bruxism, which is the trait object of study of the present Thesis, only one very recent
GWA study performed in 2023 by Strausz et al. evaluating the genetics of probable Sleep
Bruxism (SB) and its association with clinical and behavioral traits in the Finnish population,
is available in the literature®® — see the paragraph “Genetic background” of chapter n. 3 on

“Bruxism”.
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A complete comprehension of the genetics of complex odontostomatological traits and
diseases through well-designed and conducted GWAS, is fundamental to understanding their
etiopathogenetic mechanisms to achieve personalized medicine in the field of oral health
with the ultimate goal of preventing the most common complex oral diseases*=*. In this
regard, being the mouth a window to the body, the role of oral health is crucial for the overall

health and the related quality of life of individuals>°.

13



14



Section 1

Chapter 11

2. POPULATION GENETICS

Population genetics is the field of study examining genetic variation across human
populations focusing on changes in the frequency of genes and alleles over time and between
diverse geographical areas. Deepening the knowledge of the evolutionary processes within
and among the different human populations, this field of research contributes to shed light

on the genetic heritage of our species®.

2.1 Isolated populations

Populations originating from a limited number of founders that remained in a state of
geographical and cultural isolation for several generations without receiving external genetic

contributions are referred to as isolated populations>’.

2.1.1 Isolation mechanisms and characteristics of isolated populations

A population may originate from a small number of founders mainly for the following
two reasons (i) the “founder effect” i.e., a limited number of individuals colonize a previously
uninhabited area, (i) the “bottleneck effect” i.e., a sharp reduction in the size of a population
occurring as the result of a sudden event e.g., unexpected environmental changes including
fires, earthquakes, floods or other extreme circumstances as wars, famines or pandemics efc.
Isolation may have several causes among which the main are geographic and/or cultural; as
geographic causes, geographical barriers including mountains, rivers, seas etc., by reducing
the mobility of individuals, create in fact, the conditions for isolation®”>%,

Several isolated populations are described worldwide and some examples are

summarized in the following table (7ab. I).

Isolated populations! Causes of isolation

"#$%& ()& *NS-"&") &+ #'])&-'$(* "+ 0'%1$)23"#)+

45"(3 ##+6788'$"(*+ 97/87$)

NG7'( T HH<"&& (3 0'%1$)23"#)/+)&-+#7/87$)/

Tab. 1 Some examples of isolated populations and main causes of isolation.
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Isolation leads to the formation of a different gene pool than that of the parental
population and surrounding populations. Differentiation of the gene pool occurs mainly due
to selective adaptation and genetic drift. Selective adaptation depends on the environmental
context and is the response process of individuals to the pressure of natural selection while
genetic drift describes the changes occurring in the frequency of alleles from a generation to
the next in a population due to random variation®46.66.59.67.68.69

Isolated populations are characterized by a high inbreeding rate determining a reduced
allelic diversity and large genomic regions in linkage disequilibrium (LD)’%"!72, The
inbreeding coefficient (F) is defined as the probability that two alleles at a certain locus are
identical by descent i.e., are in a condition of autozygosity and it measures the inbreeding

rate of a population’. LD is instead the phenomenon whereby two alleles at two adjacent

loci segregate together more frequently than what is expected if they were independent’-72,

2.1.2 Isolated populations for the study of complex traits and diseases

Whereas in the past, isolated populations were used in linkage studies for Mendelian
diseases, advances in genotyping technologies made their use suitable for genetic association
studies of complex traits and diseases®>%737475,

In general terms, two extreme models explain the genetic background of complex traits
and diseases: the susceptibility to a certain trait or disease is determined by (i) the interaction
between a large number of alleles with low penetrance that are frequent in the general
population or (i7) a small number of alleles with high penetrance that are rare in the general
population but frequent in isolated populations. In isolated populations, the fact that in both
described models the number of /oci involved and the allelic diversity are limited, reduces
the complexity of transmission modes of complex traits and diseases making them similar
to Mendelian ones’>.

Thanks to advantageous features, isolated populations became thus an indispensable
resource for the study of complex traits and diseases overcoming the need for large-size
samples to achieve efficiency”’.

The main advantages of using isolated populations in comparison to outbred populations for

the study of complex traits and diseases are listed in the following table (7ab. 2).
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Advantages of isolated populations!

Advantages of outbred populations

196$'+7&">%3$5+'&?"$%&b'&8
196$'+(8)&-)$-" @'-+23'&%8AR(
0'&'8"#+3%5%1'&"8A
1%6$'+1'&%5"#+)$") (+%>+CD
C((+)II"#+-"7'$("8A
AE"["8A+8%+BYRY("?+1'&'( +
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+

+

+

+

+

Tab. 2 Advantages of isolated versus outbred populations>°.)

Since not all isolated populations are alike, knowing their specific advantages is crucial

for the study of complex traits and diseases. The main limit in the use of isolated populations

in these studies is however linked to the uncertainty of replicating the obtained findings in

independent populations>®>,

Among European populations, Italians are one of the most studied’®; because of its

complex demographic history and topographic variability, Italy is enriched by several

isolated populations as Sardinians®® and populations of the Apulia (Carlantino), Piemonte

(Borbera Valley) and Friuli-Venezia Giulia regions'-”” as shown in the figure below (Fig. 2).

Fig. 2 Map of Italian isolated populations

- Friuli-Venezia Giulia

60,77
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Even though still much remains to study, the progress made so far paved the way for

expanding the knowledge in the field of medical genetics and personalized medicine>®>°.

2.2 The Friuli-Venezia Giulia (FVG) Genetic Park

2.2.1 Design of the project and study population

The project named “Friuli-Venezia Giulia (FVG) Genetic Park” is a research project
of great scientific interest started in 2008 aimed at studying the most common multifactorial
traits and diseases of our age such as e.g, cardiovascular diseases, diabetes mellitus,
osteoporosis, neurological diseases, behavioral disorders, sensory disorders,
odontostomatological traits and diseases efc., through the identification of the genetic
component of isolated populations of the FVG region in the Northeast of Italy.

The following six villages Illegio, Sauris, S. Martino del Carso, Clauzetto, Resia and Erto —
Crasso, located in the hilly area of the region, as illustrated in the figure below (Fig. 3), were

included in the project.
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Fig. 3 Map of the villages included into the project.

Source: image created in BioRender.com
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Showing evidence of isolation due to geographical, historical, linguistic, and cultural factors
compared to the rest of the Italian population, individuals from the mentioned above villages
represent therefore the ideal sample for the study of complex traits and diseases considering
that the identification of the genetic and environmental predisposing factors, is facilitated as
both the genetic and environmental components are much more homogeneous and remained
so for centuries'?.

Inhabitants of the isolated villages mentioned above were invited to participate to the

project by public advertisements through local authorities, television, newspapers, local
physicians’ involvement, and mailing. Meetings were also organized to present the project.
About 2.500 individuals (age 6 — 89 years) participated voluntarily and for free to the project
after the signature of a written informed consent form; parents or legal guardians signed the
informed consent form for underage participants.
The project was approved by the ethical committee of the Institute for Maternal and Child
Health— IRCCS “Burlo Garofolo” under the univocal code Prot. CE/V-78, 06/08/2007 and
all the study procedures were performed according to the ethical principles expressed by the
Helsinki Declaration.

The project is supported by the following partners: the Biomedicine Molecular Center
of Trieste (lead partner), the AREA Science of Trieste, the Universities of Trieste and Udine,
the Institute for Maternal and Child Health “IRCCS Burlo Garofolo”, Trieste and the Italian

Liver Foundation?.

2.2.2 Data collection

The project includes the following three research areas: (i) clinical — epidemiological
area, (if) biochemical — genetic area and (ii7) historical — demographic area.
For all participants, very detailed medical personal and familial histories with more than 200
questions were collected and, several specialistic evaluations including e.g., cardiological
evaluation, endocrinological evaluation, bone densitometry, neuropsychiatric evaluation,
nutrition evaluation (food consumption), sensory evaluation (taste, smell, hearing, vision)
and odontostomatological evaluation, were performed.
In addition, salivary tests, urine analysis and blood chemistry tests were carried out.

DNA of participants was extracted from blood and then used for genetic studies.
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All the collected parameters were systematically registered by professionals according to a
standardized format and entered into a database containing over 1.000 clinical instrumental
variables plus genetic data representing a unique example for the region (and a distinctive
example for the country) that allowed to provide relevant information on the structure and
origins of the studied populations as well as on the genetic background of the most common
complex traits and diseases evaluated.

Thanks to its multidisciplinary nature and the advanced technologies used for the data
processing, the FVG Genetic Park project represents an example of scientific excellence and
entered the ranks of the most relevant population studies both at national and international

level'2.

2.2.3 The study of multifactorial odontostomatological traits and diseases within

the context of the FVG Genetic Park

To the best of our knowledge, the FVG Genetic Park is a unique context for the study
of multifactorial odontostomatological traits and diseases in isolated populations!-2,

Participants underwent an accurate intraoral and extraoral examination performed by
calibrated dentists and the following conditions i.e., dental caries, periodontal diseases as

well as the odontostomatological traits reported in the figure below (Fig. 4), were studied.
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7980 and periodontal

Many genetic studies were performed on dental caries

diseased!82:838485  With reference to the obtained findings, for dental caries, specific
polymorphisms on the sweet taste genes TASIR2 and GLUT2” and the DEFBI gene
encoding for the human B-defensin 1 (hBD1)* were described as predictive for dental caries
development.
Regarding periodontal disease, specific polymorphisms on genes mainly related to the
inflammatory — immune response such as e.g., the LTA — Lymphotoxin Alpha gene®!, the
EFCAB4B gene encoding for a calcium-binding protein®?, the LFT gene encoding for
lactoferrin® and on the NLRC5 gene — member of the NLR (nucleotide — like receptors) %,
were found as involved in the susceptibility to periodontal disease.

The phenotypes reported in the figure above, are instead the object of study of my PhD
project. Their prevalence and distribution in a study sample of 944 individuals aged 6 — 89
years and the relationship between selected variables are described in the article by Luppieri
and colleagues “Odontostomatological traits in north-eastern Italy’s isolated populations:
an epidemiological cross-sectional study”™ .

As for bruxism, the study of its etiopathogenesis with a particular focus on its genetic

background is the object of study of the present Thesis.
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Section 1

Chapter 111

3. BRUXISM

3.1 Definition

The term bruxism derives from the Ancient Greek word BpOyw, brukhé which literally
means “grinding of teeth”.

According to a 2013 International Consensus Statement, bruxism is defined as a
“repetitive jaw-muscle activity characterized by clenching or grinding of the teeth and/or by
bracing or thrusting of the mandible with two distinct circadian manifestations: it can occur
during sleep (indicated as sleep bruxism) or during wakefulness (indicated as awake
bruxism)” 0.

The different movements of teeth clenching and grinding are illustrated in the figure

below (Fig. 5).

g

TEETH TEETH

CLENCHING GRINDING

Fig. 5 Teeth clenching and grinding.!

Source: image created in BioRender.com

The above definition, unbiased with etiopathogenetic mechanisms, unreferenced to
possible associated comorbidities and considerable of its circadian manifestations, has been
thus adopted by the international medical scientific community!!.

In 2017, at an international consensus meeting held by leading experts on bruxism, the
2013 definition of bruxism was however revised in favor of the two following definitions

that consider sleep and awake bruxism as two different behaviors'?.
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Il “Sleep bruxism is a masticatory muscle activity during sleep that is characterized as
rhythmic (phasic) or non-rhythmic (tonic) and is not a movement disorder or a sleep
disorder in otherwise healthy individuals”.

'Y “Awake bruxism is a masticatory muscle activity during wakefulness that is
characterized by repetitive or sustained tooth contact and/or by bracing or thrusting

of the mandible and is not a movement disorder in otherwise healthy individuals”.

These two definitions, by referring to bruxism as a “masticatory muscle activity” emphasized
the role of masticatory muscles and also highlighted that in “otherwise healthy individuals”,
bruxism should not be considered a disorder but more a risk factor for the development of
negative oral health consequences (see the paragraph “Diagnosis”) while it should be seen
as a disorder in individuals with underlying pathologies and/or sleep-related disorders!86.
Prior definitions of bruxism included those formulated by the Academy of
Prosthodontics in 2005%7, the American Academy of Sleep Medicine in 2005%¥, and the
American Academy of Orofacial Pain in 2008%. According to the Glossary of Prosthodontic
Terms — 8" edition (GPT — 8), bruxism is defined as “the parafunctional grinding of teeth”
and as “an oral habit consisting of involuntary rhythmic or spasmodic non-functional
gnashing, grinding or clenching of the teeth, in other than chewing movements of the
mandible, which may lead to occlusal trauma — called also tooth grinding, occlusal
neurosis™®’. According to the International Classification of Sleep Disorders — 2" edition
(ICSD - 2), bruxism is instead defined as “an oral activity characterized by grinding or

788 while,

clenching of the teeth during sleep, usually associated with sleep arousals
referring to the Orofacial Pain Guidelines — 4" edition (OPG — 4), bruxism is a “diurnal or
nocturnal parafunctional activity including clenching, bracing, gnashing and grinding of
the teeth”®.

Given the limitations and drawbacks of these definitions, mainly linked to the biased
interpretation of the circadian relationship of bruxism and its indication as a “parafunctional

activity” which implies a negative connotation, the definition of bruxism proposed in 2017

by Lobbezoo and colleagues, is to date considered that with the best scientific evidence!?.

The use of simple, solid and uniform terminology is fundamental to refer to this
condition which is of great interest in dental, neurological and sleep medicine both clinical

and research fields!%12,
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3.2 Epidemiology

The prevalence of bruxism is highly variable and this wide variability might reflect the
different characteristics of the studied populations such as age, sex and socio-economic
status as well as methodological issues in the performed analyses including above all, the
lack of use of standardized diagnostic criteria'®!>. The presence of comorbidities i.e.,
physical and/or psychological pathologies in the studied samples might also represent a
confounding factor in estimating the prevalence of bruxism!.

Taking into account the distinction between Sleep Bruxism (SB) and Awake Bruxism
(AB), more epidemiological studies have been traditionally performed on SB!%!3°! versus
AB!59293

According to a systematic review of the literature on the epidemiology of bruxism in
adults carried out by Manfredini et al. in 2013, the overall prevalence rate of bruxism
generically referred to (i.e., with no distinctions between SB and AB), ranged from 8% to
31.4% (2 studies) while the reported prevalence rates of SB and AB ranged respectively,
from 9.3% to 15.3% (3 studies) and from 22.1% to 31% (2 studies). Authors reported no
significant correlations between bruxism and sex and a decrement of bruxism prevalence
rates was described with increasing age'’.

The literature reports a greater prevalence rate of bruxism in younger populations than
in adults®®***>, According to two systematic reviews performed respectively by Manfredini
et al. in 2013 (8 included studies) and Machado ef al. in 2014 (4 included studies) the overall
prevalence rates of SB in children and adolescents increased in fact, from 3.5% — 5.9% up
to 40.6% — 49.6%°%"7.

In deciduous dentition, bruxism is considered a physiological condition and is justified
by the morphological immaturity of the articular skeletal components until the eruption of
the first permanent molars and the achievement of occlusal stability®®.

As concerns the epidemiological situation of bruxism in Italy, up to now, no studies
have been performed on a national scale and only a few studies, most of which are on healthy
young adults, are available in the literature®®-100-101.102.103
The main studies’ findings are presented below.

In 2016 Cavallo et al. estimated a prevalence rate of SB and AB respectively of 31.8% and
37.9% in a sample of 278 dental students (mean age 23.7 years) of the University of Salerno,

with no sex differences, using a self-assessment questionnaire®.
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Self-reported prevalence rates of SB and AB in a sample of 119 dental students (mean age
24.8 + 2.6 years) of the Universities of Ferrara and Padova were estimated respectively at
25.2% and 37.0% with higher frequencies in females according to Serra-Negra et al.,
201910,
In 2021 Zani et al. reported a prevalence rate of AB of about 20% in a cohort of 153 dental
students (mean age 22.9 + 3.2 years) of the Universities of Padova and Siena, with no sex
differences, by using a smartphone-based Ecological Momentary Assessment (EMA)
strategy'2.
A very recent study carried out by Reda et al. in 2023 on oral behaviors (OBs) in a sample
of 1424 dental patients aged 18 — 89 years (mean age 49.7 = 17.6 years) attending the
University Clinic of Trieste, reported a prevalence rate of self-reported SB of 32.9% and of
grinding and clenching teeth during waking hours of 26.1% and 47.5%, respectively.
According to the study’s findings, OBs’ prevalence decreased with age increase and females
presented a higher odds ratio of having OBs than males!*.
The self-reporting diagnosis of bruxism through questionnaires and/or EMA strategies along
with the evaluated cohorts of dental students have to be considered as major methodological
limitations of these studies.

Nowadays further epidemiological studies on the general population with a solid
methodology and standardized diagnostic criteria are needed to verify the prevalence of

bruxism more accurately and compare the findings®.
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3.3 Etiopathogenesis

To date, the etiology of bruxism is controversial and its specific causative factors as
well as the underlying pathogenic mechanisms of this condition remain so far unclear!®!>,
However, the literature is in agreement on the multifactorial nature of bruxism and describes
multiple environmental causative factors acting additionally or synergistically between them

and on the individual genetic predisposition!®:13:93:105.106.107

3.3.1 Environmental etiological factors

The putative environmental etiological factors of bruxism can be distinguished into
two main categories'®!%:
Il Peripheral factors, including morphological factors;

'l Central factors, distinguished into pathophysiological and psychosocial factors.

Considering the circadian manifestations of bruxism, the etiological factors described above
can be further distinguished according to their period of action during sleep or wakefulness®.
While peripheral factors seem to be mainly involved in the pathogenesis of AB, central
factors, and in particular psychosocial factors, are considered to have a greater influence on
the pathogenesis of SB!%%-110,

A further distinction among the proposed etiological factors of bruxism must be made based
on age, distinguishing different environmental factors between children and adults.
Recently, the role of peripheral bruxism etiological factors has been downsized and is
currently considered marginal, if present at all; conversely, an increased focus has been paid

to central etiological factors suggesting that bruxism is a centrally mediated phenomenon!®.

3.3.1.1 Peripheral etiological factors

Among the morphological factors of bruxism, the literature traditionally describes
interferences in dental occlusion and articulation as well as oro-facial bone anatomical
alterations®-1°,

As concerns the occlusal interferences, certain occlusal characteristics such as e.g,
discrepancies between the maximum intercuspation position and the maximum retrusion

position and the presence of balancing-side contacts during chewing, were historically

considered to be the initiating and perpetuating factors of bruxism.
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Since the mid-20" century, for many decades occlusal interferences were believed to be
responsible for the reflex activation of masticatory muscles stimulated by periodontal
mechanoreceptors!®!11,
Regarding oro-facial bone alterations, condylar height asymmetries and a rectangular facial
morphology were traditionally more frequently reported in bruxers versus non-
bruxers!6-112:113.

To date, there is no scientific evidence about the relationship between self-reported
and/or clinically diagnosed bruxism and occlusal factors as well as between bruxism and
oro-facial bone anatomical alterations neither in adults!%®!'* nor in children!®-!15116_Tn this
regard, not all bruxers present occlusal interferences and/or oro-facial skeletal alterations
and vice versa, not all individuals presenting occlusal interferences and/or oro-facial bone
anatomical alterations are bruxers®>16-117,
Lastly, as for the relationship between dental malocclusions and bruxism, according to a
systematic review and meta-analysis performed in 2020 by Ribeiro-Lages ef al. (19 included
studies), no significant associations between bruxism and Angle classes I, I, III, posterior
cross-bite and dental crowding were described!!®.

Due to the current lack of well-designed methodological studies on the etiology of
bruxism, further solid studies involving the use of standardized tools e.g., electromyography
or polysomnography for the instrumental diagnosis of bruxism are nowadays needed to

definitively reject the role of occlusal factors in the etiology of bruxism!'!’.

3.3.1.2 Central etiological factors

Pathophysiological factors

The main pathophysiological factors described in the literature as possible causes of

bruxism include the following:

I'l" Sleep disturbances.
According to the International Classification of Sleep Disorders — 3 edition (ICSD
—3), SB is classified among sleep-related movement disorders®®. The physiology of
sleep and especially the so-called “arousal response”, which is a sudden variation in
the sleep cycle during which the individual can either wake up or pass from a deep
sleep stage into a lighter sleep stage, has been widely studied to identify the possible

causes of SB.
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According to several sleep-related studies, SB might be considered part of the
“arousal response” which is also characterized by increased muscle activity, gross
body movements e.g., turning, increased heart and breath rates and the presence of
K-complexes in the electroencephalograph (EEG)!6:108:119.120.121

As regards the possible association between SB and other sleep-related disorders, in
particular Obstructive Sleep Apnea Syndrome (OSAS) which is a sleep-related
breathing disorder characterized by sleep apnea, daytime sleepiness and non-
refreshing sleep®®, a recent systematic review of the literature carried out in 2020, by
da Costa Lopes et al. (4 included studies) reported no scientific evidence-based data
to support this association!?2. On the other hand, a more recent systematic review of
the literature performed in 2022 by Kuang et al. (37 included studies) reported a
positive association between SB and the following sleep-related disorders: OSAS,
restless leg syndrome, sleep-related gastroesophageal reflux and REM sleep behavior
disorders (RBDs), for which, except RBDs, the “arousal response” seemed to be a
common feature. The specific pathogenetic mechanisms underlying these
associations remain however so far unclear!?’.

Lastly, it has to be considered that, even if the scientific evidence is still inconclusive,
in individuals with sleep-related disorders and sleep-related gastroesophageal reflux

bruxism might have positive consequences preventing the collapse of upper

12,124 12,125

airways and increasing the saliva flow rate

Psychotropic medications intake.

The chronic (long-term) assumption of medications influencing the dopaminergic
system such as e.g., Levodopa (L-Dopa), neuroleptics and antipsychotics, as well as
the serotonergic system such e.g., selective serotonin reuptake inhibitors (SSRIs) and
amphetamine-like drugs, is considered a possible cause of bruxism!6-108:126,

A systematic review of the literature evaluating the association between psychotropic
medications intake and SB performed in 2018 by Melo et al. (5 included studies)
reported a positive association between antidepressant drugs intake (only duloxetine,
paroxetine and venlafaxine) and SB in adults as well as between anticonvulsants
intake (only barbiturates) and SB in children and psychostimulant intake (only

methylphenidate) and SB in adolescents. Since the overall quality of the considered

studies was judged poor by the authors, caution is however recommended!?’.
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Bruxers are described as presenting an imbalance in the dopamine and serotonin-
mediated pathways but nowadays the specific underlying mechanisms are still

unclear!6-108,

Diseases.

Mainly neurological and psychiatric diseases including Parkinson’s disease!?®, Rett
syndrome!?’, Huntington’s disease'?°, basal ganglia infarction'?!, cerebral palsy!??,
temporal lobe epilepsy!, post-traumatic stress disorder (PTSD)!** and, referring to
the Diagnostic and Statistic Manual of Mental Disorders — 4™ edition (DSM — IV),
anxiety disorder, depression disorder, adjustment and bipolar disorders are described
among the possible causative factors of bruxism!6-108.132,

In addition to the neurological and psychiatric diseases above described, also sleep-

related gastro-esophageal reflux disease (GERD) seems to be associated with SB!32,

Trauma.

Brain traumatic damages are described as a possible cause of bruxism!3>,

However, it has to be considered that either for the listed above diseases and trauma,
the cited studies are case reports or case series and further well-designed studies are

needed to draw comprehensive conclusions'®,

Tobacco consumption.

The minimum number of cigarettes to smoke per day to have a greater risk of bruxism
is not defined in the literature!6-108:136,137.138

Second-hand smoking is instead reported to be associated with bruxism in
moderately and heavily exposed children according to a systematic review and meta-

analysis of the literature performed in 2018 by Guo et al. (18 included studies)'*°.

Caffeine consumption.
A significant association between heavy caffeine consumption (i.e., 6 cups or more

per day) and SB is reported in the literature!6:198:136,

Alcohol consumption!6-108.136,

Illicit drug abuse!5-!40,
The stimulation of the dopaminergic neurotransmission by nicotine, caffein, alcohol
and illicit drugs might explain the higher prevalence of bruxism in smokers, caffein

consumers, heavy alcohol drinkers and heavy drug addicts!®198,
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Further studies are however needed to establish a threshold level of consumption of

these substances for bruxism development!¢.

In conclusion, the dopaminergic and serotoninergic systems seem to be both involved
in the etiopathogenesis of bruxism and their role is currently under study®?, remaining though
mainly unclear; more studies are thus needed to better understand the pathways and the
possible interactions between dopamine, serotonin and other brain neurochemical

substances'®108,

Psychosocial factors

Nowadays, the role of psychosocial factors in the etiology of bruxism is controversial
and still unclear; to better understand their involvement in the pathogenesis of this condition,
more well-designed prospective studies on a large scale are required!®108:136.141,

Several studies report that high stress-sensitive individuals with psychological disturbances
such as self-reported general anxiety, nervousness and aggressive and angry behaviors due
to “highly stressful lives”, might have a higher risk of experiencing bruxism compared to
healthy individuals!®-108.136.142.143.17,

In medicine, the term stress was introduced by H. Selye in 1936 to define “a non-specific
response of the body to any stimulus”!#4; stress is highly subjective and bruxism might be a
way through which the body releases the accumulated stress!’.

A recent systematic review of the literature performed in 2020 by dos Santos Carmelo ef al.
(6 included studies) confirmed that stressed individuals have a greater risk of experiencing
bruxism compared to non-stressed ones!'®.

According to a systematic review and meta-analysis of the literature performed in 2018 by
Guo et al. (18 included studies) stress and nervousness are reported to be associated with
bruxism also in children!*.

Being responsible for emotions’ control, the hypothalamus and the limbic system may

be involved in the pathogenesis of bruxism; however, isolating the roles of stress and anxiety

in its etiology is very complex because physiology and pathology seem to be interrelated®*.
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3.3.2 Genetic background

The genetics of bruxism is complex and, to date, its underlying specific mechanisms
are still unclear and mainly unexplored’.
Since the late 90s, several clinical studies on self-reported bruxism carried out in families
and monozygotic and dizygotic twins showed that bruxism may run in families, thus
indicating a possible genetic basis for both SB and AB%3:146:147,

Relatively few studies which are described below, all very recent and mostly focused
at analyzing targeted genes involved in neural dopaminergic and serotonergic pathways,
stress regulation and skeletal muscle activity have been performed to deepen the knowledge

of the genetic background Ofbruxisml36,l48,l49,l50,151,152,153,154,155,156,157

148 and one in children'?, genotyping

Two case-control studies, one performed in adults
targeted genes involved in neural dopaminergic pathways (DPs) are available in the
literature. DPs play an important role in skeletal muscle activity, arousal, cognitive activity,
depression and neurological mechanisms of reward and motivation and are mainly
centralized in midbrain cells i.e., substantia nigra as well as in the hypothalamus.
Oporto et al., 2017, evaluated the following genes: dopamine receptors D1, D2, D3, D4, D5
(DRD1, DRD2, DRD3, DRD4, DRD5) and monoamine oxidase B (MAOB) in 130 adults
presenting bruxism (clinically diagnosed) versus 59 non-bruxers and reported that the C
allele of DRD3 rs6280 SNP was associated with a significative risk of SB while the G allele
of DRD2 rs1800497 SNP and the C allele of DRD5 rs6283 SNP were instead both associated
with a significative risk reduction of AB!'#%,
Scariot ef al. in 2019 also genotyped the gene dopamine receptor D2 (DRD?2), as well as the
genes FK506 binding protein 51 (FKBPS5), ankyrin repeat and kinase domain containing 1
(ANKK ) and catechol-O-methyltransferase (COMT) in 60 children with bruxism (clinically
diagnosed) versus 90 controls and found out a significant association between the SNP
156276 in DRD?2 and bruxism (GG homozygous individuals when compared to AA or AG
individuals, had a higher chance of being bruxers) and between the rs1800497 SNP in
ANKKI1 (individuals with genotype TT had a higher prevalence of AB) and the rs6269 SNP
in COMT (individuals carrying the GG genotype showed a higher prevalence of SB)!#.
Regarding the genes involved in neural serotonergic pathways (SPs), two systematic
reviews of the literature described a positive association between certain SNPs in serotonin

receptors genes and SB in adults!37-152,
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Campello et al. in 2021 (4 included studies) reported a significant association between the
following SNPs: rs6313, rs2770304 and rs4941573 of the 5-HT2A4 and SB!*2.

Previously, Castroflorio et al. in 2017 (9 included studies) found a strong association
between the C allele of 5-hydroxytryptamine receptor 2A (HTR2A) rs6313 SNP and SB'?7.

A case-control study performed by Wieckiewicz et al. in 2020 on blood samples of 100
adults clinically diagnosed with SB versus 125 healthy controls, identified the G variant of
the DRD1 rs686 SNP (GG homozygosity) prevalent in the case group and the T variant of
the HTR2A 1s6313 SNP (TT homozygosity) as a risk factor for SB!33,

Another case-control study, carried out by Vieira ef al. in 2020 on 349 adults and 151
children with self-reported bruxism, genotyped the genes COMT and metalloproteinase 2, 9
(MMP2, MMP?Y) extracting the DNA from saliva samples and identified the following SNPs:
113925 in MMP9 and rs6269 in COMT as associated with bruxism in adults'>.

The literature describes a misleading activation of MMP9 as implicated in neurodegenerative
pathologies such as e.g., Alzheimer’s disease!*® and of COMT as involved in altered reuptake
of catecholamines (dopamine and serotonin) in the frontal cortex and limbic system, which
is responsible for emotional changes!’.

Regarding the genes involved in stress regulation pathways, a case-control study
carried out by Maciejewska-Szaniec et al. in 2021 on blood samples of 104 adults with self-
reported AB versus 191 controls both presenting moderate or high-stress levels, reported
higher frequencies of the c.196A variant (rs6265) of the brain-derived neurotrophic factor
(BDNF) gene and of the ¢.1397-31392G > A (rs1867283) of the neurotrophic tyrosine
receptor kinase (NTRK?2) gene in bruxers!*.

Lastly, a case-control study performed by Kiichler ef al. in 2020 on 151 children (61
clinically diagnosed bruxers versus 90 non-bruxers), described SNPs rs678397, rs1671064
and rs1815739 in the alpha-actinin-3 gene (ACTN3) which is related to neuromuscular
activity, as associated with bruxism!%,

Since bruxism’s phenotypes are related to circadian manifestations and melatonin
(together with dopamine and serotonin) is a neurohormone involved in sleep physiology®,
a recent transversal study carried out by Gaio ef al. in 2022 investigated the expression of
melatonin’s receptors in a cohort of 48 adults not reporting though significant associations
between the studied phenotypes and the tested polymorphisms (rs13140012, rs6553010, and
1s6847693) in the melatonin receptor type 1 A gene (MTNRI1A4)'7.
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Nowadays, only one and very recent GWAS performed by Strausz ef al. in 2023,
evaluated the genetics of bruxism considering the whole genome. A GWA case-control
study, including 12,297 Finnish individuals belonging to a large biobank called FinnGen
presenting probable SB (codes F45.8 “other somatoform disorders” or G47.8 “other sleep
disorders” according to the ICD-10%) and and 364,980 controls, were carried out and one
significant association between SNP rs10193179 intronic to Myosin IIIB (MYO3B) gene was
highlighted. Myosins are knowingly involved in muscle contraction pathways>?.

According to a systematic review and meta-analysis of the literature conducted by Boscato
et al. in 2022 (9 included studies) the neural pathways related to the control of jaw-closing
muscles seem to be associated with bruxism but, due to the moderate or low methodological

quality of these studies, further researchers are needed to draw definite conclusions!®’.

The table below (Tab. 3) summarizes the main genetic polymorphisms described by

the literature as associated with bruxism in different populations.

Polymorphism! Bruxism phenotype Population
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Tab. 3 Genetic polymorphisms associated with bruxism according to the literature.!
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In conclusion, even though a genetic predisposition to bruxism was demonstrated by
several studies, to date there is no scientific evidence for major responsible genes and a
polygenic nature of this disorder is suggested. Due to this limited evidence, further studies
with larger sample sizes and on different ethnicities are needed to deepen the knowledge of
its genetics. The identification of new genetic markers of higher susceptibility and a better
understanding of the genetic background of bruxism are essential for developing new
treatment strategies for precision and personalized medicine improving individuals’ quality

of life”*.

3.4 Diagnosis

Bruxism diagnosis is generally a complex process that may require the performing
of different methods. The main approaches that can be used to diagnose bruxism are

commonly classified into the two following categories!!-!%16!:

Il Non-instrumental approaches i.e., clinical inspection and self-reports;

Il Instrumental approaches i.e., electromyography and polysomnography.

3.4.1 Non—instrumental approaches

Non-instrumental approaches are applicable to formulate both SB and AB diagnoses
and, being simple, quick to be performed and with low costs, are suitable for assessing
bruxism, especially in large-scale studies!!-12:161,

The two main non-instrumental approaches are odontostomatological clinical evaluation and
self-reports i.e., patients’ oral history and questionnaires!16!,

As concern the odontostomatological evaluation, dental hard tissues, oral soft tissues
as well as masticatory muscles have to be carefully assessed to properly diagnose bruxism
according to its clinical picture'?. The main clinical features described in the literature as

possibly associated with bruxism are listed below:

Il Damages to dental hard tissues i.e., mechanical teeth wear, cracks, recurring failure

of conservative and/or prosthetic restorations due to dental attrition!2!61:162.163;

I'l Noises during teeth grinding!>!6!;

I'l' Dentin hypersensitivity to thermal stimuli'>'°!;
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Il Signs on soft tissues i.e., indentations of the tongue, /inea alba on the buccal mucosa

of the cheeks!'>!161:163;

Il Hypertrophy and pain of the masticatory muscles in particular temporals and

masseters'>161;

Il Temporomandibular joint (TMJ) disorders. The association between TMJ disorders
and bruxism is still controversial; bruxers however seem to have a greater chance of

developing TMJ disorders!6+165,

Il Hypertonicity and pain of the cervical muscles and tension-type headache especially

in individuals with AB%°,

It is important to consider that, since none of these features is an exclusive sign of bruxism,
clinical evaluation alone is not sufficient for a certain diagnosis of bruxism!%161,
Self-reports include mainly the symptoms described by patients and questionnaires.
However, because of their subjective nature, the use of these approaches alone is not reliable
and might lead to an over or underestimation of bruxism cases!'!.
As for questionnaires, several validated versions are available in the literature!®!67,
Questionnaires are particularly useful in investigating the frequency and timeframe of
bruxism; however, it has to be considered that assessing SB through a questionnaire might
be more complex than assessing AB and it may require the involvement of other family
members as the bed partner or parents in the case of children. In order to increase patients’
awareness and consequently the reliability of the questionnaires’ findings, a one or two-week
monitoring and self-assessment period for bruxism using e.g., Ecological Momentary

Assessment (EMA) strategies is suggested!>103:161,

3.4.2 Instrumental approaches

The instrumental approaches for diagnosing bruxism include electromyography
(EMG) and polysomnography (PSG) which are aimed at evaluating and recording the
masticatory muscles activity. Being expensive, time-consuming and with limited availability
(mainly not usable at home), these approaches are however suitable for small and/or
medium-sized populations!!-12:161,

While EMG can be used for both AB and SB diagnosis'*!®!, PSG is the gold standard for
SB diagnosis and its performing is indicated in individuals with secondary SB i.e. when

other sleep-related disorders coexist with bruxism!24 161,
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As a valid and practical alternative method to EMG and PSG standard devices, portable
diagnostic devices can be used but their usage is indicated only in primary SB i.e. when no
sleep-related disorders are present!2!161:168,
Lastly, in order to have reliable recordings, muscle activity should be evaluated in continuum
and not using cut-off points and the use of PSG combined with video and/or audio recording
tools is preferable for a more accurate evaluation!2.

A diagnostic grading system of “possible”, “probable” and “definite” sleep/awake
bruxism based on specificity, sensitivity and reliability data of each of the diagnostic
approaches described above was proposed in 2013 at the International Consensus on bruxism

and revised in 2017 by Lobbezoo et al. as follows!!:

Il “Possible” SB/AB: diagnosis based on self-reports or clinical examination;
Il “Probable” SB/AB: diagnosis based on self-reports plus clinical examination;
Il “Definite” SB/AB: diagnosis based on self-reports plus clinical examination plus

instrumental approaches.

This grading system has a “stackable” nature i.e., self-reports plus clinical examination plus
instrumental approaches highlighting the fact that the use of multiple methods is suggested

to formulate an accurate diagnosis of bruxism.
Nowadays, the reliability of the proposed approaches for diagnosing bruxism is scarce and

further research are needed to elaborate an accurate, cost-effective and accessible method

usable on a large scale and also able to distinguish between teeth clenching versus grinding'!.
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Section 11
Chapter IV

EXPERIMENTAL SECTION

4. AN OVERVIEW OF THE STUDIES TO DATE

The etiology of bruxism is currently complex and controversial'®". The literature is
however in agreement on its multifactorial nature describing multiple environmental causal

factors, mainly central factors, including pathophysiological (i.e., sleep

119,120,121

disturbances , psychotropic medications intake!?%!?’, neurological and psychiatric

128,129,130,131,132,133,134 * tobacco, caffeine and alcohol consumption!36:137:138) and

diseases
psychosocial factors (i.e., anxiety, stress and mood disorders!'3®14%143:17.143) " qcting
additionally or synergistically between them and on an individual genetic
predisposition!0-1593.105.106.107
dopaminergic pathways (DRDI, DRD2, DRD3, ANKK, COMT, MMP9)!48-149:153.154 " neyral

serotonergic pathways (5-HT2A4)"3%131:152.133 " stregs regulation pathways (BDNF, NTRK2)!53

Several polymorphisms in genes involved in neural

and neuromuscular activity (ACTN, MYO3B)'%%33 are currently described as possibly
associated with bruxism. Most of the published studies are focused on genotyping targeted
genes! 4814150 ISLIS2ZISISAISS 156,157 and| to date, to the best of our knowledge, only one
GWAS evaluating the genetics of probable SB and its association with clinical and
behavioral traits in the Finnish population, is available in the literature®?; to date, no GWA
studies have been instead performed in the Italian population.

Summing up, bruxism is referred to as a centrally mediated phenomenon with a polygenic
nature whose specific pathogenic neurobiological mechanisms remain however, still unclear
and mainly unexplored”8. A better understanding of its etiopathogenesis and especially its
genetic background may be fundamental for developing new treatment approaches and

strategies with the ultimate goal of improving individuals’ quality of life.
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Section 11
Chapter V

5. AIM OF THE STUDY

Considering that so far, little is known about the etiology of bruxism and especially
about its genetic background, the present Thesis aimed to investigate the genetic and non-
genetic factors influencing bruxism in North-Eastern Italy’s isolated populations within the
context of the wider research program named “FVG Genetic Park™!-,

The “FVG Genetic Park” is part of the so-called “Italian Network of Genetic Isolates (INGI)
Project”, which is a collaboration between research institutions in Italy aimed at detecting
the molecular bases of common complex traits and diseases by investigating genetically
isolated Italian populations. When studying multifactorial traits and diseases, isolated
populations, being characterized by a higher phenotypic and genetic homogeneity in
comparison with the general population, represent an excellent resource to achieve the
homogeneity of the sample and facilitate the identification of the proposed etiological factors

reducing thus the variance caused by the environmental background>’->%-?,

More in detail, the main aims of the present epidemiological study were the following:
1)! To epidemiologically characterize bruxism in an Italian cohort of individuals coming
from FVG genetic isolates;
2)! To identify new genes potentially associated with bruxism;

3)! To verify the genes described in the literature as already associated with bruxism.

Logistic mixed-effect regression models were used to evaluate the associations between
bruxism and its possible environmental etiological factors.

A case — control GWAS was performed to identify new genes potentially associated with
bruxism and to verify in the studied population the genes described in the literature as already
associated with bruxism — see the paragraph “Data analyses” of chapter n. 6 on “Materials

and methods”.
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Section 11
Chapter VI

6. MATERIALS AND METHODS

6.1 Study design and ethics approval

The present study was designed as an epidemiological retrospective cross-sectional
and GWA study performed on data collected between March 2008 and November 2008 in
five isolated villages of the FVG region as part of the “FVG Genetic Park™ research
program!2. Data were stored and computerized by the author of this Thesis.

The Ethical Committee of the Institute for Maternal and Child Health — IRCCS “Burlo
Garofolo”, Trieste, approved the study under the univocal code Prot. CE/V-78, 06/08/2007.

All participants signed a written informed consent to the study before their enrollment
and parents or legal guardians signed the informed consent for underage participants.

All study procedures were performed according to the ethical principles expressed by

the Helsinki Declaration.

6.2 Study population

Nine hundred forty-four Caucasian individuals from five genetically isolated villages
(Erto — Casso, Clauzetto, Illegio, Sauris and Val di Resia) located in the FVG region, North-
East of Italy, voluntarily participated in the odontostomatological examination organized
within the “FVG Genetic Park” research program'=.
The considered villages met the criteria defining “genetic isolates” as separate geographical
locations with high rates of endogamy, language barriers, few surnames, few founders, low
rates of emigration and immigration since derived from a small number of individuals by a
founder event®’-5%>7,
Inhabitants were invited to participate in the project through public advertisements, local
authorities, television, newspapers, local physicians’ involvement and mailing; meetings
were also organized to present the project.
No inclusion and exclusion criteria, except for the sign of the written informed consent to
the study, were applied during the recruitment phase of the “FVG Genetic Park™ in 2008
whereas specific inclusion and exclusion criteria were used for the enrollment of participants

to the present study — see the paragraph “Data analyses” of the present chapter.
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6.3 Data collection

6.3.1 Demographic and phenotype data

A structured questionnaire (more than 200 questions) was used to collect demographic
data (age, sex, village of origin) and a very detailed familial and individual medical history
from each “FVG Genetic Park” project participant.

Each enrolled individual underwent specialist evaluations, e.g., cardiovascular, neurological,
in-depth sensorial, nutritional and odontostomatological evaluations.

Hundreds of functional parameters, including clinical biochemistry and metabolomics data,
were also collected. All collected parameters were systematically registered by professionals
according to a standardized format.

Diseases were classified according to the International Classification of Diseases and
Related Health Problems — 10th Revision (ICD-10)°.

Bruxism was clinically diagnosed considering both the presence of signs of tooth wear
(due to attrition) on opposing teeth i.e., on the incisal surfaces of anterior permanent teeth
and/or on the guiding cusps of posterior permanent teeth, of hypertrophy at the palpation and
visual inspection of masticatory muscles (temporalis and masseter) and/or of pain at the
palpation of these muscles'®!!12, In addition, participants were asked if they were aware of

tooth grinding and/or clenching.

6.3.2 Genotyping and imputation

DNA was extracted from peripheral blood samples. Individuals were genotyped with
[lumina 370k/700k/MEGA SNP array (Illumina Inc., San Diego, CA, USA). Genotype
calling was conducted using Illumina GenomeStudio. Each batch was processed according
to standard Quality Control (QC) procedures with the following criteria for inclusion: sample
call rate > 0.95, sex check, SNP call rate > 0.95, Hardy—Weinberg Equilibrium p-value >
1x10 and minor allele frequency (MAF) > 0.01.

Genotype imputation was conducted using IMPUTE2!%’ considering as reference a customer
panel generated by the 1.000 Genomes phase 3'7° and whole genome sequences of INGI
samples’’. After imputation, all batches were merged and info score and allele frequencies
were calculated using QCTOOL software v2!7!. After imputation, SNPs with MAF < 0.05

and Info Score < 0.4 were excluded from statistical analyses.
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6.4 Data analyses

6.4.1 Inclusion and exclusion criteria

The inclusion and exclusion criteria listed below were used for the enrollment to the present

study of individuals who participated in the “FVG Genetic Park” research program in 2008.
Inclusion criteria:

I'l' Individuals with available data on bruxism phenotype;

I'l' Individuals with available DNA samples (only for the GWAS approach).
Exclusion criteria:

I'l' Individuals presenting a primary dentition;

'l Edentulous individuals.

6.4.2 Statistical analysis

A descriptive statistical analysis was performed including frequency and percentages
for categorical variables and, mean and standard deviation for continuous variables.
Associations between bruxism and the following possible risk factors were tested: anxiety
disorder (AD), code F 41.9 of the ICD-10°, and depressive disorder (DD), code F 32.2 or F
32.9 of the ICD-10°, smoking habit, alcohol and caffeine consumption. Bruxism, AD and
DD were coded as presence (value 1) or absence (value 0) of the disease/issue, smoking
habit was coded 1 for current smokers and 0 for current non-smokers, alcohol and caffeine
consumption 1 for current drinkers and O for current non-drinkers). The chi-square test was
performed to evaluate the association between bruxism and each possible risk factor. Any
variable significantly associated with bruxism was tested by using logistic mixed-effect
regression models to verify whether it could be an independent predictor of the outcome
(bruxism). The logistic mixed-effect models were implemented using the /me4 package in
R. Age (continuous variable), sex, and village of origin were included as covariates, and,
precisely, the first two as fixed effects, and the third as a random effect. All the analyses
were performed using the R software version 4.1.2 (R Foundation for Statistical Computing,

Vienna, Austria). The level of significance was set to p-value < 0.05.
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6.4.3 Genome-Wide Association Study (GWAS)

A mixed logistic regression was performed for GWAS, assuming an additive genetic

model adjusted for anxiety disorder, age, sex, village and the first ten principal components,
with REGENIE software!?.
SNPs with p-value < 5x10® were considered genome-wide significant and SNPs with p-
value < 1x107 as suggestive. All the SNPs with p-value < 1x10- were annotated with the
Variant Effect Predictor tool (VEP,
https://www.ensembl.org/info/docs/tools/vep/index.html)!’? in order to determine the
closest genes and to obtain the functional characteristics. Long non-coding RNAs (LINC)
genes or genes with unknown functions identified with LOC and FAM symbols or
pseudogenes were excluded and, the focus was on protein coding genes. Only loci with at
least five SNPs in linkage disequilibrium (LD) and with p-value < 1x107° in around 250 kb
were considered. All data are aligned to the Human genome reference build 37 (GRCh37).

6.4.4 Genotype-Tissue Expression (GTEx) analysis

For each genomic region identified by the GWAS, the analysis of human gene

expression levels was carried out using the GTEx Database, release v8'4.
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Section 11
Chapter VII

7. RESULTS

7.1 Epidemiological data

7.1.1 Sample characteristics

The studied population included 769 participants (59.7% females) with a mean age of
42.8 + 18.8 years who underwent a very detailed odontostomatological evaluation.
As for the village of origin, the largest number of participants was from Resia (n=274) while
the smallest number was from Sauris (n=76).
The prevalence of bruxism in the studied population was estimated at 20.9%: 161 individuals
(21.4% females) with a mean age of 42.7 + 18.9 years presented bruxism.

The characteristics of individuals with bruxism according to sex and age classes are

described in the following table (Tab. 4).

Age classes
Sex!
1"H#$%&%0 | #)"#%&Y | #+',-%&'00| H#"-%&00| -.%&'(%
Bruxism
(n=161) P M+RLI=HY  L+RP=NS LM+RLG=fF HM+RHk={ HJIRHG=K!
#" P+RLH=Py M+RLG=J] HN+RH3<l MO+RHMF LK+RHH=k
100% N+RLM=P| P+RLL=NY MO+RLkl{ GK+RH®= OK+RHM=

Tab. 4 Bruxism characteristics of the study sample according to sex and age classes.

The values indicate the presence of bruxism in numbers and percentages (in brackets) for all

sample (All), females (F), males (M), and for age groups.

7.1.2 Epidemiological association with bruxism:

A statistically significant difference was found for the mean age between cases and
controls (respectively, 45.78 £ 17.79 and 42.02 + 19.01, p-value = 0.01). As regards gender,
no difference was found: the prevalence in females was 21.4% and in males 20.3%.

Differences in bruxism distribution were statistically significant among villages of
origin (p-value < 0.001), with Clauzetto showing the higher percentage of cases (32.9%).

As regard the possible risk factors for bruxism, no difference in the distribution of

bruxism presence/absence for the level of education, smoking habit, caffeine consumption,
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alcohol consumption and depressive disorder were found whereas the prevalence of AD was

higher in cases than in controls (8.1% vs. 3.1%, p-value 0.01).

The table below (7Tab. 5), summarizes the characteristics of the studied population.

All (n=769) Cases (n=161) Controls (n=608) | p-value
'678%97:;$<¢-!
+ MH=I4#=IL+ MP=KI+K=KN MH=JHtNI=J¢t J=JLNP
=7>
<5/ + MPN+RPN=KS NI+RGJ=NS OGL+RPMN=MS U+
N+ OLJ+RMJI=0S GO+RON=LS HMK+RMd=GS
?@AA:67$BCSBD@6@;
9/)7@'88P% LMG+RLM=JS PO+ROH=NS NCRLP=0©S
W$80)((%+ LLN+RLP=PS HI+RLK=MS NL+RLP=JS
I %+ LPM+RHJ3=JS HH+RLG=KS LOH+RHE=KS V+J=J3
F(" + HKM+ROP=GS MN+RO3I=MS HHP+ROK=JS
)78 (+ KG+RN=NS N+RP+GS GK+RLL=JS
E7F7A$BC$7GHt:J@B;
W/'5'&8)$A LGI+RHHEGS OM+RHE=PS LOM+RHH=NS
C%Y'§##%&-)$A | HOI+ROH=LS PH+ROH=NS LIG+ROL=IS U +
222'$+('#%&-)$A | HKM+ROG=NS GJ+ROI£JS HLM+RO&=GS
Z&"?'$("8A GH+RI=MS LH+RK=GS PJ+RI=6S
>@7JIK$SG@LBOGFD
+ OH+RM=HS LO+RI=LS LN+RO=LS J=JLi3F
I70D7LL@F7$G@UBN&7D
+ MN+RG=MS LJ+RG=HS ON+RG=MS U, +
=9BP@;6$Q{R@J
+ LOL+RLI=KS HI+RLI=MS LJO+RLI=#HS U, +
*CC7@;7$IB;LHOO)@B;
+ PKN+RIM=0OS LHI+RIP=NS MPL+RICEIS U, +
'AIBQBASIB;LHIOJ[@B;
+ MHN+RGH=MS | LJJ+RGK=GS OHN+RGL=JS U, +

Tab. 5 Characteristics of participants according to bruxism presence/absence.

Data are presented as numbers and percentages (in brackets) except for age (mean + standard

deviation). NS: not significant; SD: standard deviation. *Available for 699 individuals, 152 with
bruxism and 547 without. **Available for 687 individuals, 149 with bruxism and 538 without.
***Available for 687 individuals, 148 with bruxism and 539 without.
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Logistic mixed-effect models revealed that AD was a statistically significant risk

factor for bruxism (OR = 2.54; 95% CI 1.20 — 5.38) as shown in the table below (7ab. 6).
!

Predictor! OR! 95% CI p-value!
=7>8%+ J=N& J=GG+L=OI J=ILI+
'67 $ L=Jk L=+ =JH J=IN©®
>@7IKSG@LBDG7D | H=PM L=HJ+#P=Ct J=JLP

Table 6!Results of the logistic mixed model performed to verify the effect of anxiety disorder on

bruxism"

The model was adjusted for age, sex (fixed effects) and village (random effect). OR: Odds Ratios;

CI: Confidence Intervals.
!

7.2 Genetic data

7.2.1 Genetic association with bruxism

To investigate the molecular basis underlying bruxism, a GWAS was performed in
658 individuals, including 135 participants affected by bruxism and 523 healthy subjects.
Based on the mixed model results, GWAS was also adjusted for AD as well as age, village,
sex, the first 10 principal components.

The GWAS highlighted a total of 55 variants associated with bruxism (p-value <107,
Table S1). The results are displayed in the following Manhattan plot (Fig. 6).

74 NLGN1 RIMBP2

: i LHFP

=logyolp)

1 T T | y T |
1 2 3 4 5 6 7 8 9 10 1" 12 1314 15 6 17 18 19 20 21

Fig. 6 Manhattan plot of the results of the case — control GWAS performed.

49



Experimental section

The position of the variants is reported on the x—axis, while the y—axis shows -logl0 of the p-
values obtained from the analysis. Red and blue horizontal lines mark respectively, the -log10

of genome-wide significance (5x10" ) and suggestiveness (1x10'*) p-value thresholds.

The GWAS identified three regions meeting the prioritization rules explained in the
paragraph 5.4.2 (i.e., only coding protein genes and at least five SNPs in LD and with a p-
value < 107 in the locus), which are listed in the following table (Tab. 7).

578'7(99 CDE% 5%

0 —io o 0 .

123%4566 77 % | < 62(>9>2p | /007076 ?T@| AB%| o | 3'GBOHE 456(1
T " . O ()¥o1 (g

HS&()F | MHIS  + | *+ | (CHH H -+ SHIB #200H) LY, | #&2ASH | &
I - e . #.(%)Q :

IIOBII% O & H (#O | (S 0 -4444445- O $(S(0 “%0/W Fgizy | %.8)2$0 | (%0

k. * " * * * ' ('I&IO L1 o gy #

RS | )+ | (*0 | %$(3$&*B | 5,+0 $.(°0| #/3#0) g g | %230 | &0

Table 7' Results of the GWAS on bruxism: new candidate genes.

Chr = chromosome, Position = position of the best SNP in base pair, Alleles = reference
allele/other allele, OR = Odds Ratio, 95% CI = 95% Confidence Interval. * Number of SNPs

with a p-value < 1x10'*.

The first region was identified on chromosome 3, near the NLGNI gene (Fig. 7);
individuals carriers of the C allele of the top SNP rs2046718 had a risk of 2.649 times greater
to have bruxism than individuals carriers of the T allele as shown in the bar plot (Fig. 10).

The second region was instead identified on chromosome 12, near the RIMBP2 gene
(Fig. 8); individuals with the TGGGGGGA allele sequence of the top SNP rs571497947 had
a risk of bruxism of 3.495 times higher than individuals with the T allele as represented in
the bar plot (Fig. 10).

Lastly, the third region was identified on chromosome 13, near the LHFP gene (Fig.
9); individuals carriers of the A allele of the top SNP rs2324342 had a 2.752 times higher
risk to have bruxism compared to individuals with the C allele as shown in the bar plot (Fig.

10).
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Fig. 7 Regional plot for the identified locus on chromosome 3.

The top SNP of the region, rs2046718, is highlighted. The position of the variants is reported on
the x—axis, alongside the NLGNI gene. The y—axis shows -logl0 of the p-values obtained from

the meta-analysis.

Pttt <3 NS )OO 0D I O A O O O O

- 100

- 80

6 - rs7978710 - 60

—log,o(p-value)
(Qwi/no) 8¥el UoIEUIqUIodaY

PIWILT—= < RIMBP2 < STX2 RAN—= GPR133—>
R B — s w [

T T T T
130.8 131 131.2 131.4
Position on chr12 (Mb)

Fig. 8 Regional plot for the identified locus on chromosome 12.

The top SNP of the region (rs571497947) was not available for the plot, thus the SNP
18571497947, the second most associated, is highlighted. The position of the variants is reported
on the x—axis, alongside the RIMBP2 gene and other genes in the region. The y—axis shows -

log10 of the p-values obtained from the meta-analysis.
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Fig. 9 Regional plot for the identified locus on chromosome 13.

The top SNP of the region, rs2324342, is highlighted. The position of the variants is reported on
the x—axis, alongside the LHFP gene and other genes in the region. The y—axis shows -logl0 of

the p-values obtained from the meta-analysis.
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Fig. 10 Bar plot illustrating the percentage of individuals affected by bruxism for each
genotype of the top SNPs of the three loci identified by GWAS.
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7.2.2 GTEx analysis

As regards the results of the GTEx analysis, the identified genes are expressed in many

tissues and, in particular, in the Brain tissue as shown in the following images (Fig. 11),

(Fig. 12) and (Fig. 13).

Bulk tissue gene expression for NLGN1 (ENSG00000169760.17)
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Fig. 11 Tissue-specific expression (GTEx v8) of RIMBP2 gene. TMP = transcripts per million.

Bulk tissue gene expression for RIMBP2 (ENSG00000060709.14)
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Fig. 12 Tissue-specific expression (GTEx v8) of RIMBP?2 gene. TMP = transcripts per million.
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Bulk tissue gene expression for LHFP (ENSG00000183722.7)
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Fig. 13 Tissue-specific expression (GTEx v8) of LHFP gene. TMP =
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Results

7.2.3 Candidate genes analysis

As concern the genes described in the literature as already associated with bruxism,

they were not replicated in the performed GWAS. The table below (Tab. 8) summarizes the

results.
!
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Tab. 8'Results of GWAS on bruxism: replica of genes already described by

the literature as associated with bruxism.
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Section 11
Chapter VIII

8. DISCUSSION

The present epidemiological retrospective cross-sectional and GWA study aimed to
deepen the knowledge about the etiology of bruxism by investigating the genetic and non-
genetic factors influencing this phenotype in North-Eastern Italy’s isolated populations
within the context of the wider research program named “FVG Genetic Park™!-2,

The rationale for considering isolated populations for the study of multifactorial traits
and diseases is related to the fact that, being characterized by a higher phenotypic and genetic
homogeneity compared to the general population, these populations represent an excellent
resource to achieve the homogeneity of the sample and facilitate the identification of the
proposed etiological factors for the studied phenotype reducing thus the variance caused by
the environmental background>”->%-,

In details, the main aims of the present study were: 1) to epidemiologically characterize
bruxism in an Italian cohort of individuals coming from FVG genetic isolates, 2) to identify
new genes potentially associated with bruxism through a Genome—Wide Association Study
(GWAS) and, 3) to verify the genes described in the literature as already associated with

bruxism.

With regard to demographic data, the prevalence of bruxism in the studied population
(n=769) was estimated at 20.9% and resulted in accordance with the overall prevalence rate
of bruxism generically referred to i.e., with no distinctions between SB and AB reported in
the literature that ranges from 8% to 31.4%!%13,

Females showed a slightly higher prevalence rate of bruxism compared to males (21.4% vs

20.3%) but no significant association was found between bruxism and sex, in accordance

with the literature!%:!3,

Conversely to literature data'®, an increment of bruxism prevalence was found with
increasing age; this increment might be explained by considering a possible increased

influence of bruxism central etiological factors including pathophysiological factors (i.e.,

119,120,121 126,127
3

sleep disturbances psychotropic medications intake , neurological and

128,129,130,131,132,133,134
b

psychiatric diseases tobacco, caffeine and alcohol

consumption3®137:138) " and  psychosocial factors (i.e., anxiety, stress and mood

disorders139,142,143,17,145)
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Statistically significant differences were found between bruxism and the village of origin (p-
value < 0.001) with Clauzetto showing the higher percentage of cases (32.9%) whereas no

associations were detected between bruxism and the level of education.

With reference instead to the possible risk factors of bruxism, a statistically significant
association between bruxism and anxiety disorder was detected (p-value = 0.015) confirming
literature data!6-108:142.143.17.145 "The agsociation between anxiety disorder and bruxism might
be explained on the basis of the release of catecholamines which results from the activation
of the sympathetic nervous system due to the emotional distress leading to a repetitive jaw-
muscle activity. Individuals presenting bruxism are in fact reported to have higher levels of

catecholamines in their urine compared to controls®*!41:173.174.175

. In this regard, bruxism
might be considered as a “psychic stress valve” for the mitigation of anxiety!’®. According
to the current evidence, bruxism seems to be a centrally mediated phenomenon'® under brain
autonomic arousal or vigilance influence® but, isolating the role of anxiety from changes in
autonomic excitability, motor excitability and an altered physiological vigilance state, is very
difficult®.

No significant differences were identified between bruxism and depressive disorder,
smoking habit, caffeine and alcohol consumption. The literature states a positive association
between bruxism and heavy smokers and caffeine and alcohol consumers!®:!108:136.137.138
Regarding the association between bruxism and smoking habit, caffeine and alcohol
consumption, it must be emphasized that findings might be influenced by several factors
including e.g., the difficulty of establishing a uniform threshold level of consumption of
these substances for the development of bruxism as well as the criteria used to diagnose

bruxism in the various studies performed!.

The genetic background of bruxism is complex and, to date, remains mainly unclear
and unexplored’®. To the best of our knowledge, this is the first GWAS performed on
bruxism in Italian isolated populations.

Three new candidate genes i.e., NLGNI, RIMBP2 and LHFPL, were identified from
the GWA performed analysis as potential risk /oci for bruxism. Each new identified gene is

described and discussed below.

The NLGNI gene encodes a transmembrane protein, Neuroligin 1, which is localized
to the postsynaptic compartment involved in the formation and remodeling of central

nervous system synapses in the mammalian brain'®!*!'"7. In particular, Neuroligin 1 is
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178,179

mainly associated with glutamatergic excitatory synapses contributing to the

maintenance of the appropriate excitatory/inhibitory balance in specific neural
connections!®180,

Rare variants in the human NLGNI gene and the impairment of the Neuroligin 1 synaptic
pathway, are reported to be involved in the etiology of autism and other neurodevelopmental
disorders (NDDs)!81:182:183 "in memory loss and depression!'$+185,

Regarding these last two conditions, the literature describes neurodegenerative pathologies
such as Alzheimer’s disease which leads to memory loss and depression disorder among
possible causal pathophysiological factors for bruxism!6-108:132,

In addition, the NLGN1 gene is reported to be strongly associated with suicide death, suicidal

behavior!8¢

and post-traumatic stress disorder (PTSD)!®” which is also described as a
possible etiological factor for bruxism!3#; in this regard, the hypothesis of a contribution of
the NLGNI gene pathway to the molecular basis underlying PTSD is supported by a recently
performed GWA analysis'®’. According to the findings, carriers of NLGNI variants
exhibited a greater neural activation in the limbic and prefrontal regions as well as an
increased functional connectivity between the amygdala and the dorsal-lateral prefrontal
cortex in the response to fearful face stimuli indicating thus a possible genetic contributor to
changes in the amygdala—prefrontal connectivity'®’.

These results are also supported by mouse models which showed that mutations in all
Neuroligins either loss-function or gain-of-function, affect social behaviors probably due to
their broad expression patterns and essential roles in synaptic specificity and function!s3.
Indeed, NLGN1 knock-out mice exhibit behavioral changes resulting in an impaired spatial
memory and increased repetitive behaviors which are linked to cerebellar and orbitofrontal
cortex abnormalities'®®. Lastly, the literature reports that Neuroligin-1 is required for the
storage of associative fear memory and the normal development of synaptic plasticity in the

postsynaptic membrane of amygdala principal neurons and memory retention!*%1°1,

As regard instead the RIMBP2 (Rab-Interacting Molecule-Binding Protein 2) gene,
it encodes a multidomain protein involved in the regulation of pre-synaptic transmission by
interacting with the membrane-located scaffold protein encoded by the RIMSI gene
(Regulating Synaptic Membrane Exocytosis 1) and with the CACNAID gene (Calcium
Voltage-Gated Channel Subunit Alphal D)*. RIMBP2 is considered a central organizer of
the topography of voltage-gated Ca2" channels and release sites of synaptic vesicles,

promoting their tethering and docking?®. Animal studies showed that the lack of RIMBP2
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reduces the voltage-gated Ca2" channels number at the active zones, which are specialized
regions at the presynaptic terminals where neurotransmitter release occurs!®%!1%3,

In vivo experiments demonstrated that the deletion of the RIMBP2 gene bears a significant
impact on the synaptic transmission in a range of synapses, impairing Ca2" channel
abundance and clustering, Ca2" influx and synaptic vesicle tethering and docking?®:!94195-19,
Moreover, in humans, RIMPB?2 has also resulted to be a potential target for fragile X mental
retardation protein (FMRP) which is loss in individuals affected by the fragile X syndrome
(FXS)!7. FXS is characterized by cognitive impairment which might be associated with
other symptoms such as e.g., seizures and autistic behaviors as well as attention deficits,
social anxiety, obsessive-compulsive disorder, and stereotypic repetitive motions. FMRP is
an RNA binding protein highly expressed in neurons where plays a role in the regulation of
dendritic spine morphology, synaptogenesis and circuit maturation!?%1%?,

The involvement of RIMBP?2 in the development of behavioral abnormalities is supported
by several GWA studies which identified RIMPB?2 as a possible /ocus for the development

of bipolar disorders??’, psychotic symptoms in Alzheimer’s disease?’! and FXS!7.

Lastly, as for the LHFP (Tetraspan Subfamily Member 6) gene, this is a member of
the lipoma HMGIC (High-Mobility-Group protein Gene) fusion partner (LHFP) gene family
and encodes a tetraspan transmembrane protein. To date, little is known about this gene
which is described as mainly associated with human lipomas?! and breast and gastric
cancers?2203 A recent GWAS performed in a panel of inbred mouse strains, marked out
LHFP as a regulator of osteoblast activity and bone mass?*.

LHFP is also reported to be a positive predictive biomarker for suicidality in depressed males
being its expression increased in the blood of individuals affected by psychiatric disorders?%
and in the brain tissue of those who committed suicide?%.

A large GWAS carried out in samples of Caucasian and African American individuals with
Alzheimer’s disease versus controls, identified specific variants in the LHFP gene as related
to the hippocampal volume?®” which is well-known to be decreased up to atrophy, in affected

208

subjects due to the deterioration of memory proper of this pathology"°. By containing high

levels of glucocorticoid receptors, the hippocampus plays an important role in the regulation
of stress and anxiety-related behaviours??%2%°,

According to some recent neuroimages studies, the hypothalamic—pituitary—adrenal (HPA)
axis system, is involved in stress-related psychiatric disorders, post-traumatic stress disorder

(PTSD) and emotion-induced bruxism which seem to be caused by a dysfunction of a brain
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circuit including also the hippocampus and the amygdala!6-210217:218; the activity and the
volume of the hippocampus are also described to be altered in individuals with anxiety
disorders?!”.

Alterations in the GABAergic and glutamatergic neuronal systems seem to be critical in the
etiopathogenesis of stress and anxiety-related behavioral disorders and bruxism but to date,
their specific neurochemical mechanisms remain mainly unclear and are the object of study

for the scientific community!%%-211:212,

Concerning instead the genes described in the literature as already associated with
bruxism?>3148:149.150.I5LI52,153,154.155.136.157 "the Jack of their replication in the studied population
might be explained by considering the differences in terms of ethnicity and size of the
considered cohorts as well as the criteria (clinical and/or instrumental) used to diagnose

bruxism.

Summarizing, the three new candidate genes identified i.e., NLGNI, RIMBP2 and LHFP,
are expressed in the brain tissue and are described as potentially involved in the
neurobiological mechanisms underlying the pathogenesis of bruxism which is currently
considered a centrally mediated phenomenon!®. However, to the best of our knowledge, to
date, there are no studies available in the literature that directly correlate variations in these
genes to bruxism development and therefore, the biological mechanisms between the locus

association and bruxism need to be fully characterized.

This study presents strengths and limitations that need to be considered.
With reference to strengths, firstly, it was performed in isolated populations which are the

373859 and moreover, it was not

ideal sample for the study of complex traits and diseases
focused on a specific target of individuals (i.e., children, adults or patients from dental
clinics), but rather people of all ages were included, from children to adolescents, adults and
the elderly.

As instead for limitations, this is an epidemiological retrospective cross-sectional and GWA
study of data collected in 2008 so, to develop a better model to deepen the knowledge of the
studied phenotype, prospective cohort studies would be needed. In addition, to validate the

obtained findings, a replica in other cohorts such as e.g., other Italian isolated populations

and populations of other ethnic groups is required.
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Future perspectives of the present study include the performing of further studies to shed
light on the relevance and pathophysiological roles of the new identified candidate genes.
As instead for the “FVG Genetic Park™ research program, future perspectives include the
performing of an over-ten-years-later follow-up in FVG isolated populations and a replica
of the project in isolated communities of individuals originating from the FVG region and
emigrated to Brazil, in the region Rio Grande do Soul (villages of Santa Maria, Ivora,
Juaguari and Sobradiiiho) to compare data and carry out new odontostomatological
genetic/genomic studies on other phenotypes. This research project is named “Geni Friulani
nel Mondo” and represents the “physiological continuation” of the “FVG Genetic Park”
research program and unfortunately, it was stopped by the COronaVirus Disease (COVID)-
19 Pandemic in March 2020.
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9. CONCLUSION

In recent decades, the search for candidate genes for complex traits and diseases
through the detection of association signals in GWA studies, has led to several advancements
in the comprehension of the mechanisms behind these traits.

Nowadays, to the best of our knowledge, only one GWAS evaluating the genetics of
probable SB in the Finnish population is available in the literature>® and no GWA studies
have been performed in the Italian population.

The present study is the first Italian GWAS performed on bruxism in Italian samples,
and precisely in isolated populations of the FVG region.

By highlighting three promising new candidate genes i.e., NLGNI, RIMBP2 and LHFP
which are potentially involved in the neurobiological mechanisms underlying the
pathogenesis of bruxism, this unique study provided important findings never described
worldwide, improving the overall knowledge of the genetic background of bruxism.

These findings are however a first step in the study and understanding of this complex trait
and further investigations are needed.

The next steps will include the replication of the obtained results in independent cohorts in
order to deepen the knowledge of the relevance and molecular role of the identified genes in
bruxism and provide supporting evidence for the association between anxiety disorder and
bruxism.

In conclusion, the findings of the present study provided a significant contribution to
the understanding of the genetic bases underlying bruxism, within the long-term perspective
of developing personalized preventive strategies and therapeutic approaches to improve

individuals’ quality of life.
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SUPPLEMENTARY MATERIAL

The following table (Tab. S1) includes all the suggestive results of the GWAS (p-value<10-).

Chr | Position SNP Alleles Freq OR (95% CI) p-value | Consequence Gene Biotype
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Tab. S1 Results of the GWAS on bruxism. The table includes all the markers with p-value < 1x10".

Chr: chromosome; Position: position of the variant (build hgl9) in basepair; SNP: marker name; Alleles: effect allele/other alleles; Freq: frequency of

the effect allele; OR: odds ratio; 95% CI: 95% confidence interval, p-value: p-value; Consequence: SNP consequence type; Biotype: gene biotype

information.
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