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ABSTRACT

Introduction: Periodontal diseases (PDs) can be defined as multifactorial inflammation of the
periodontal tissues that can result in tooth loss due to supporting periodontium destruction.
Genetic factors have been associated with PDs pathogenesis. However, little is known about
how genetic variants (GVs) regulate certain genes that participate in PDs evolution process.
GVs can alter regions of cis-regulatory elements (CRES) and these directly interfere in gene
expression. Objective: To quantify GVs in non-coding region associated with PDs in sequences
of candidate CREs. Material and Methods: Six selected traits namely periodontitis, aggressive
periodontitis, periodontal measurement, periodontal pocket, gingival bleeding, and gingival
disease were used to search GVs associated with PDs on NHGRI-EBI GWAS catalog. Also, an
integrative review was performed on PubMed applying the keywords “(periodontitis or
periodontal or periodontal disease or gingival or gingival disease or gingival bleeding) and
(GWAS)”. Subsequently, a qualitative analysis was carried out on Genome Browser (GB) to
categorize GVs found in the searches according to their location having as a reference both
protein-coding (PC) and non-coding RNA (NCR) genes. GVs located in non-coding region
were analyzed for the presence of regulatory elements on GB using ENCODE cCRES and
GeneHancer databases. Furthermore, an interaction evaluation between regulatory elements
and probable target genes was made, as well as tissue expression of these genes. Finally,
JASPAR TF binding site database was used to predicted binding sites for TF and Tomtom motif
comparison tool to quantify motif alteration of these binding sites. Results: 148 articles were
read entirety to verify the eligibility according to pre-established criteria. 82 articles were
included for further analysis and 66 articles were excluded. 788 GVs were obtained from
eligible articles and in silico analyses were performed on GB. More than 10% of the GVs were
in exonic region. For PC genes it was found that 30 GVs were in regulatory regions by both
regulatory databases. Three GVs in intronic region of NCR gene were in a candidate regulatory
element. Genes that were previously described to be involved with PDs pathogenesis, such as
IL37 (PC) and CDKN2B-AS1 (NCR), were predicted in interaction analysis conducted between
CREs and genes. Motif analysis of rs904310 (G>A) which is associated with NFYB TF binding
site revealed better affinity for alternate allele A (p = 6.45x10™) than G (p = 3.72x10°®). This
intronic variation is related to both SNRPN (PC) and ENSG00000286110 (NCR) genes. It is

expected that functional validation assays can confirm whether the presence of these GVs



regulate expression of predicted genes. Conclusion: It is concluded there are 30 GVs in non-
coding region associated with PDs in sequences of candidate CREs.

Keywords: Periodontal Diseases; Genome-Wide Association Study; Genetic Variation;

Polymorphism, Single Nucleotide; Gene Expression Regulation.



RESUMO

Introducdo: As doengas periodontais (DPs) podem ser definidas como inflamacdes de origem
multifatorial dos tecidos periodontais que pode resultar na perda dentaria devido a destrui¢do
do periodonto de suporte. Fatores genéticos tém sido associados a patogénese das DPs. No
entanto, pouco é sabido sobre como variantes genéticas (VGs) regulam determinados genes que
participam do processo de evolucdo das DPs. VGs podem alterar regides de elementos cis-
regulatorios (ECRs) e estes interferem diretamente na expressao génica. Objetivo: Quantificar
VGs em regides ndo codificantes associadas as DPs em sequéncias de ECRs candidatos.
Material e Métodos: Seis traits foram selecionados periodontitis, aggressive periodontitis,
periodontal measurement, periodontal pocket, gingival bleeding, e gingival disease para
averiguar VGs associadas as DPs no catalogo NHGRI-EBI GWAS. Além disto, uma revisao
integrativa foi realizada no PubMed aplicando as palavras-chave “(periodontitis or periodontal
or periodontal disease or gingival or gingival disease or gingival bleeding) and (GWAS)”.
Posteriormente, uma analise qualitativa foi realizada no Genome Browser (GB) para categorizar
as VGs das buscas de acordo com sua localizagéo tendo como referéncia genes codificantes de
proteina (CP) e de RNA néo codificante (RNC). As VGs localizadas em regido ndo codificante
foram analisadas quanto a presenca de elementos regulatérios no GB usando as bases de dados
ENCODE cCRES e GeneHancer. Foi efetuada uma avaliacdo da interacdo entre elementos
regulatorios e provaveis genes alvo, bem como a expressao tecidual destes genes. Por ultimo, a
base de dados para sitios de ligacdo de FTs JASPAR foi utilizada para predizer sitios de FTs e
a ferramenta de comparacao de motif Tomtom para quantificar alteracdo de motif destes sitios.
Resultados: 148 artigos foram lidos na integra para verificar a elegibilidade de acordo com
critérios pré-estabelecidos. 82 artigos foram incluidos e 66 artigos foram excluidos. 788 VGs
foram obtidas de artigos elegiveis e analises in silico foram realizadas no GB. Mais de 10% das
VGs estavam em regido exonicas. Para genes CP observou-se que 30 VGs estavam em regido
regulatéria em ambas as bases de dados. Trés VGs em regido intronica de gene RNC estavam
localizadas em elemento regulatorio candidato. Genes que foram previamente descritos
associados com patogénese da DPs, como I1L37 (CP) e CDKN2B-AS1 (RNC) foram preditos na
analise de interacdo conduzida entre ECRs e genes. Analise de motif do rs904310 (G>A), que
estd associado com o sitio de ligacdo do FT NFYB, revelou melhor afinidade pelo alelo
alternativo A (p = 6.45x10™) que 0 G (p = 3.72x10°%). Esta variante intrdnica esta associada
com os genes SNRPN (CP) e ENSG00000286110 (RNC). Espera-se que ensaios de validagédo



funcional possam confirmar se a presenca destas VGs regula a expressédo dos genes preditos.
Concluséo: Conclui-se que existem 30 VGs em regifes ndo codificantes associadas as DPs em
sequéncias de ECRs candidatos.

Palavras-chave: Doencgas periodontais; Estudo de Associagdo Gendmica Ampla; Variacao
Genética; Polimorfismo de Nucleotideo Unico; Regulagio da Expressdo Génica.
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1 Introduction

It is well known that disturbances caused in homeostasis between periodontal tissues, oral
microbiota and hosts immune system lead to inflammation of these tissues (Marchesan, 2020;
Silva et al., 2021). Periodontitis, one of the Periodontal Diseases (PDs), is a non-resolving
chronic inflammation of periodontal tissues that in late stages can results in tooth loss due to
destruction of supporting periodontium (Loos and Dyke, 2020).

Currently, periodontitis classification is based on severity and complexity of management
(stages I-1V) and according to disease progression (grades A-C) (Caton et al., 2018). The worst
scenario described is related to stage 111/IV with rapid progression (grade C) (Coo et al., 2021).

Periodontitis manifestations have different causes being the sum of individuals genotype
and environmental factors. Severe stages with rapidly progression have greater heritability,
which is higher chances of the genetic component affecting the disease in a population (Nibali
etal., 2019). PDs do not have a causal factor because they are multifactorial diseases. However,
a better understanding of the genetic factors can improve individual treatment based on a precise
medicine (Nashef et al., 2020; Schaefer, 2022).

There are ways to infer how individuals genotype may be related to a moderate or severe
disease phenotype. Candidate gene studies, interactions between gene and environmental risk
factors, animal models and Genome Wide Association Studies (GWAS) are some examples
(Schaefer, 2022).

Among these models used to identify the weight of genetic in PDs the GWAS is
highlighted. This type of study inquires how a Genetic Variant (GV) in a population can
influence phenotypic variation and disease risk (Sollis et al., 2022). After study design and
quality control, statistical analyses are performed to investigate the association between GV
and phenotype with a significance level of <5 x 108 (Wang et al., 2019).

The data set generated by the GWAS is organized in a catalog and the NHGRI-EBI GWAS
catalog is the most important platform in the area. Also, it is the repository recommended by
the UK Biobank and the journals of Nature (Sollis et al., 2022). On this platform, it is possible
to identify causal variants, understand the disease mechanisms and establish targets to the
development of new therapies (Buniello et al., 2019).

The genotyping of the population analyzed in GWAS reveals the main GVs associated with
the phenotype in question. GVs are alterations that occur in the genome sequence modifying
base pairs type and quantity. These can be classified into structural variants or short genetic

variants (1000 Genomes Project Consortium et al., 2015).
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Depending on GV location, it can significantly modulate gene expression and consequently
the phenotype when a causal relationship exists (Zhu et al., 2016). For this reason, GVs located
in exonic regions are widely studied because these regions are responsible for coding protein.

Although intronic and intergenic regions do not code protein, GVs located in these areas
can modify a regulatory region which plays an essential role in gene expression. These GVs
may influence disease risk through regulatory mechanisms that affect gene expression or
messenger Ribonucleic Acid (MRNA) splicing (Mountjoy et al., 2021).

In the human genome, regulatory regions control if transcripts will be synthesized by the
Ribonucleic Acid Polymerase Il (RNAPII) which associated with general Transcription Factors
(TFs) form the transcription pre-initiation complex (Andersson and Sandelin, 2020). These
regions are composed of regulatory elements which can be exemplified as promoters, insulators,
and enhancers (1000 Genomes Project Consortium et al., 2015).

The Encyclopedia of DNA Elements (ENCODE) consortium aims to delineate specific
segments of human genome that have a biological function. Specifically, the registry of
candidate cis-regulatory elements (ENCODE cCRES) seeks to identify candidate CREs
emphasizing promoters and enhancers (ENCODE Project Consortium et al., 2020a). Phase 111
project has nearly one million cCRES annotations constituting an important resource for
scientific community (ENCODE Project Consortium et al., 2020b).

CREs are base pair sequences in the Deoxyribonucleic Acid (DNA) that regulate genes on
the same chromosome they are located. These elements may have a promoter activity when
they recruit RNAPII and transcribe an mRNA molecule; also, they have enhancer activity as
they positively influence transcription initiation of another regulatory element through
Enhancer Ribonucleic Acid (eRNA) molecule (Andersson and Sandelin, 2020). Another
example is insulator that can be repressed by CCCTC binding factor (CTCF), which together
with cohesin is involved with the three-dimensional architecture of DNA creating loops that
mediates chromatin insulation and enhancer-promoter interaction (Rowley and Corces, 2018;
Song et al., 2022).

These elements act in a coordinated manner, on accessible chromatin, regulating gene
expression. Therefore, no matter how small changes in the sequences of these elements are,
they have a direct impact on transcription process of the most varied RNAs (Klemm et al.,
2019). In addition, the nuances of gene regulation by CRE are responsible for phenotypic
variation and disease risk (Zaugg et al., 2022).

A recent study demonstrated that Single Nucleotide Polymorphism (SNP) rs55705857 is

the causal variant of glioma. Interestingly, this polymorphism resides in an enhancer and the
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change in the motif of the TF OCT2/4 was responsible for increasing the enhancer interaction
with MYC promoter. MYC is associated with carcinogenesis. Thus, it becomes relevant to study
how GVs can alter enhancer function and regulate the expression of disease-causing genes
(Yanchus et al., 2022).

There are SNPs in enhancers associated with disease genes (Nasser et al., 2021). Moreover,
enhancer-promoter affinity could be controlled by specific TFs which can have their binding
site motifs modify by GV such as SNPs (Bergman et al., 2022). In this way, it is a plausible
biological hypothesis that a single base variation at the human genome sequence might propel
changes on motifs of TF biding sites, enhancer-promoter compatibility, transcription, and
disease risk (Arensbergen et al., 2019; Carrasco et al., 2020).
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2 Literature Review

2.1 Periodontal Diseases

The periodontium comprises the tissues that surround the teeth, being the gingival
component formed by oral epithelium with the underlying lamina propria and the supporting
periodontium by the triad cementum, periodontal ligament and alveolar bone (Nanci, 2019).

Etiopathogenesis of periodontal diseases has oral microbiome as an initial trigger, followed
by host immune system response at periodontal tissues (Divaris et al., 2013; Marchesan, 2020).
The diseases complexity is also due to polygenic interference and covariants such as smoker
status (Freitag-Wolf et al., 2019; Nibali et al., 2019). PD can be an inflammation in the gingival
component (gingivitis) or a supporting periodontium destructive form (periodontitis).

The Global Burden of Disease 2015 study estimated the Severe Periodontal Disease (SPD)
affects more than 538 million people across 195 countries. Data comparison from 1990 to 2015
attest that Tropical Latin America was the only region with high prevalence and incidence of
SPD as compared with global average in 2015 (Kassebaum et al., 2017).

In the past, periodontitis was classified in Chronic Periodontitis (CP) and Aggressive
Periodontitis (AgP). While the former has slow progression of the disease and is associated
with adults, the latter has rapid progression of periodontal tissue destruction in young
individuals (Freitag-Wolf et al., 2014).

Additionally, periodontitis could be localized or generalized. Although both classifications
must have at least 4mm of probing pocket depth according to the American Academy of
Periodontology, generalized periodontitis has more than 30% of the sites with the disease
(Armitage et al., 2004).

Currently, periodontitis is categorized in stages I-1V according to severity and complexity
of management. Also, a second classification consider the disease progression ranging from
grades A to C (Caton et al., 2018). Notably, young individuals with severe form (stage I11/1V)
and rapid progression (grade C) might have a similar phenotype to AgP in the old classification
(Coo et al., 2021).

PDs are multifactorial complex systemic diseases affected by genetic variants. Loe et al
(1986) narrates a natural history of periodontal diseases in a 15-years longitudinal study (1970-
1985). The authors observed three distinct phenotypes based on individuals periodontitis
progression in rapid (8.0%), moderate (81.0%) and no progression (11.0%). This study
emphasizes the variety of pathways that individuals genotype can influence such disease risk.
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Due to PD etiopathogenesis, candidate genes associated with immune response, microbial
colonization and the epithelial barrier function are known as the probable biological
mechanisms associating candidate genes to PDs risk (Marchesan, 2020). Nevertheless, in the
last 14 years, GWAS related to PDs have been founding GV nearby genes there are not related
to any of these routes.

There are 18 periodontal diseases associated GWAS from 2010-2021 and only six studies
reached genome wide statistical significance p <5x10° (Figure 1). These six studies found three
associations related to periodontitis trait (Schaeffer et al., 2010; Bevilacqua et al., 2018; Munz
etal., 2018), twelve to periodontal measurement (Offenbacher et al., 2016; Sanders et al., 2017)
and one to gingival bleeding (Zhang et al., 2016).

Figure 1 — The 18 periodontal diseases associated GWAS that had at least one association. In green, the studies
that achieved genome wide statistical significance p <5x10°S.

Periodontal Diseases associated GWAS
15000
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2.2 Genetic Variant

Individuals of the same species have differences in their DNA sequence and that
occurrence is the genetic diversity (Ellegren and Galtier, 2016). For instance, human genome
differs roughly 0.1% (1000 Genomes Project Consortium et al., 2015). DNA replication errors
and damage caused by UV radiation propel new alleles appearance through mutation (Ellegren
and Galtier, 2016).

Significantly, GVs are mutations that might affect the direction of adaptive evolution both
among species and within genomes. Although natural selection is the only of the four
population genetic processes that directly interfere in organismal adaptation as a standard
evolutionary theory, mutations can interact with selection under specific conditions (Svensson
and Berger, 2019).

GVs are alterations that occur in the genome sequence modifying base pairs type and
quantity. These can be classified into structural variants or short genetic variants (1000
Genomes Project Consortium et al., 2015).

Structural variants are variations that comprises more than 50 base pairs of the genome and
can be classified, for example, as large insertions/deletions (indels), duplications, inversions,
among other variations. The Database of Structural Variation (dbVar), part of the National
Center for Biotechnology Information (NCBI), has more than 7 million records (Sayers et al.,
2022).

On the other hand, short genetic variants have less than 50 base pairs in length. This group
includes single nucleotide variant (SNV), short indels and microsatellites (Sayers et al., 2019).
The 1000 Genomes Project Consortium (2015) states that SNVs and short indels accounted for
more than 99.9% of the GVs in this consortium.

The Database of Single Nucleotide Polymorphisms (dbSNP) is the main repository for
information on short human genetic variants, which is part of the NCBI, and currently has more
than 1 billion records (Sayers et al., 2022). dbSNP is also linked to the University of California
Santa Cruz Genome Browser (GB), a website that contains the complete sequencing of human
genome available online (Lee et al., 2022).

When SNVs represent a Minor Allele Frequency (MAF) of at least 1% in the studied
population, they are called SNPs. There are many consortia (1000Genomes and TOPMED) that
after DNA population sequencing gives the percentage of reference allele (most common) and
alternate allele (variant). Thus, the variant with a relative common frequency in population,

polymorphism, can be associated with disease risk and phenotypic alteration through GWAS.
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2.3 Cis-regulatory elements

CREs can be defined as DNA sequences at genome that guide the biding of TFs and
associated coregulators at their sites, acting on the same chromosome they are located, as a
DNA-protein complex that regulates gene transcription. They are classically divided into
promoters, enhancers, silencers, and insulators based on how they interfere on transcription
(Shukla et al., 2022).

The first element is promoter which was generally described as a part of a gene, however,
currently it should be classified as an activating regulatory element. Promoters have the capacity
to initiate gene transcription when they recruit RNAPII and cofactors to transcribe an RNA
molecule that codes proteins (MRNA) (Andersson and Sandelin, 2020; ENCODE Project
Consortium et al., 2020a).

Promoter activity is distinctly characterized by its proximity with transcription start site
(TSS) ~200 base pair (bp) and accessible chromatin determined by DNase | hypersensitive sites
(DHSs). Moreover, histone H3 lysine 4 tri-methylation (H3K4me3) is an epigenetic mark that
defines promoter activity (ENCODE Project Consortium et al., 2020a). Also, promoters are
well known for their CpG (cytosine-phosphate-guanine) island content that roughly overlaps
50% of this element region (Andersson and Sandelin, 2020).

Another activating regulatory element is enhancer that can also positively influence
transcription initiation by acting on gene promoters after recruiting TFs, cofactors and further
RNAPII (Shukla et al., 2022). Other interesting aspects is their distant capacity of regulating
genes (Schoenfelder and Fraser, 2020), especially the super-enhancers (or stretch-enhancer)
which are large genomic regions with enhancer activity >10 kb in length (Chen and Liang,
2020).

This type of CREs transcribe eRNAs which are mostly short, bidirectional, unspliced, non-
polyadenylated and unstable molecules that regulates gene transcription in a cis-action.
However, there are eRNAs with features similar to mRNA being long, unidirectional, spliced,
polyadenylated and normally acting in trans (Sartorelli and Lauberth, 2020).

Enhancer activity is characterized by accessible chromatin determined by DHSs and active
histone modifications such as histone H3 lysine 27 acetylation (H3K27ac) and histone H3
lysine 4 mono-methylation (H3K4mel) (Andersson and Sandelin, 2020; ENCODE Project
Consortium et al., 2020a).

On the other hand, silencers are CRESs that act repressing promoter or enhancer activity and
are associated with epigenetic peaks of histone H3 lysine 27 tri-methylation (H3K27me3) (Pang
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and Snyder, 2020; Segert et al., 2021). Although this mark is not precise because silencers are
not well characterized as enhancers (Gisselbrecht et al., 2020; Huang and Ovcharenko, 2022;
Pang et al., 2022), it is still the best mechanism to identify gene repression by silencer activity
via chromatin interactions (Cai et al., 2021).

The least CREs are insulators, another type of repressive element that acts as a physical
barrier weaken enhancer-promoter communication by chromatin alteration. It is also called
architectural proteins due to loop formation especially guided by CTCF/cohesion proteins
(Chen and Lei, 2019). Thus, CTCF insulates the promoter-enhancer interaction exclusively to
the loop domain (Islam et al., 2023). Although insulators are majority directly related to CTCF
protein, not all its binding sites act as insulators (Huang et al., 2021).

It is worthy emphasize that some CREs has a transient ability having a dual role as
transcriptional enhancer-silencers depending on tissue type or cellular context in Drosophila
melanogaster (Gisselbrecht et al., 2020) as well as in human cells (Huang and Ovcharenko,
2022). This bifunctionality was also described between enhancer-promoter (Andersson and
Sandelin, 2020) and insulator-enhancer/promoter interaction (Song et al., 2022).

Despite of all conventional classification, our current definition of CREs may need an
updated focused on its ability (i.e., to enhance, to silence) at a cellular biological stage
(developmental, differentiation) and cell/tissue-specific manner (Huang and Ovcharenko, 2022;
Shukla et al., 2022).
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3 Justification

PDs are complex diseases that affects populations in the whole globe. It is related to
multiple components such as oral microorganisms, host immune system, and genetic factors.
GV is well studied due to its association with disease risk and phenotypic variation. Even
though there are substantial GVs associated with PDs, the biological mechanisms still are
understudied.

Seeking for GV in non-coding regions on the human genome is one of the innovative parts
of this work because most research is focused on promoter and exonic regions. Since the latter
region is directly involved in coding protein, chances are that phenotypic alteration occurs.
Looking for non-probable regions, in other words intergenic and intronic regions, make this
study remarkable on PDs.

These in silico analyses come as a predicted method for future functional assays that might
validate in vitro the results achieved on a computer. It is expected that some of the GVs found
in this study can increase or reduce expression levels of PDs related genes. In this way, it is
worthy to presume GVs located in candidate CRESs that interact in proximity or distance with
genes and which cell/tissue these genes are most expressed since this information will also
support the cell lineage that will be applied in culture cell assay.

Moreover, another aspect that will further contribute to the literature is GV pleiotropism
which is when several diseases are associated with the same variant or targeted gene. Thus, this
research can lead to new hypothesis of how complex diseases can interact in a molecular and

cellular level in forthcoming in vitro and in vivo analyses.
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4 Proposition

The propose of this study was to quantify genetic variants in non-coding region associated

with periodontal diseases in sequences of candidate cis-regulatory element.
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5 Material and Methods

The first methodological procedure performed was searching for GVs associated with PDs
in the Genomic Wide Association Studies catalog, the NHGRI-EBI GWAS catalog
(https://www.ebi.ac.uk/gwas/). Six traits were selected because they include terms associated

with periodontal tissue, namely periodontitis, aggressive periodontitis, periodontal
measurement, periodontal pocket, gingival bleeding, and gingival disease. All GVs associated
with the selected traits were tabulated, as well as reference articles PubMed ID.

The second search for GVs was through an integrative review conducted on PubMed

(https://pubmed.ncbi.nlm.nih.gov/). In this platform the following terms “(periodontitis or
periodontal or periodontal disease or gingival or gingival disease or gingival bleeding) and
(GWAS)” were applied and the PubMed ID of all articles published until 07/01/2022 were
annotated. Duplicate articles were excluded.

For qualitative evaluation, articles from other areas and articles that despite of being related
to subject did not have any description of GV were excluded. Eligible articles were qualitatively
assessed and GVs associated with PDs and their pathogens were tabulated.

After removing GVs duplicates, a search was executed on Genome Browser (GB)
(https://genome.ucsc.edu/) (human genome version GRCh38/h38 American server) to

categorize them according to their genomic location related to both protein-coding (PC) and
non-coding RNA (NCR) genes —- GENCODE V41 — (Frankish et al., 2021). For PC genes, GVs
were classified into exonic, intronic, intergenic, 5' UTR and 3' UTR regions — dbSNP 153 —
(Sayers et al., 2019). Subsequently, the same search was carried out considering NCR genes
and GVs were classified into exonic, intronic and intergenic regions.

On GWAS catalog, a third classification was made based on the most severe consequence
of each GV. In this case, the platform considers the most severe interference that a given GV
can cause in a gene. In addition, all traits related to the selected GVs were also annotated for
pleiotropic association between PDs and other diseases.

GVs located in intronic and intergenic regions of PC gene, and GVs in intronic region of
NCR gene were both analyzed for the presence of regulatory elements on GB. Two regulatory
databases were used: ENCODE cCRES — Encyclopedia of DNA Elements registry of candidate
cis-regulatory elements — (ENCODE Project Consortium et al., 2020a) and GeneHancer —
GeneHancer Regulatory Elements and Gene Interactions — (Fishilevich et al., 2017).

It was only assessed GVs that had an enhancer mark on both ENCODE cCRES and
GeneHancer. Furthermore, an interaction evaluation between enhancer and probable target


https://www.ebi.ac.uk/gwas/
https://pubmed.ncbi.nlm.nih.gov/
https://genome.ucsc.edu/
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genes was made (GeneHancer), as well as tissue expression of these genes — GTEx Gene V8 —
(GTEx Consortium, 2020).

The final analysis investigates if the selected GVs could change motifs of TF binding sites.
JASPAR transcription factor binding site database was used to access predicted binding sites
for TF (Castro-Mondragon et al., 2022). Lastly, Tomtom motif comparison tool (https://meme-

suite.org/meme/tools/tomtom) quantified similarities between motifs and compared them

against databases of known motifs (Gupta et al., 2007).


https://meme-suite.org/meme/tools/tomtom
https://meme-suite.org/meme/tools/tomtom

29

6 Results

A total of 166 articles were selected which 18 came from the search conducted on GWAS
catalog and 148 on PubMed. During duplicate removal, it was observed that the articles found
on GWAS catalog were included in the search performed on PubMed. Therefore, 148 articles
were read entirety to verify the eligibility according to pre-established criteria (Figure 2).

During qualitative evaluation 66 articles were excluded, which 30 were related to other
areas and 36 did not have GV related to PDs and their pathogens. Thus, 82 articles were
included for further analysis. 788 GVs were obtained from eligible articles and in silico analyses
were performed on GB (Figure 2).

In both analyses carried out on GB to categorize the GVs according to their genomic
location, it was observed the majority were in non-coding region both in PC genes (89.2%) and
NCR genes (98.6%). Regarding exonic regions, more than 10% of the GVs were in this region
when a PC gene was the reference, whereas for NCR genes this value represented 1.4%
(Graphic 1 and Graphic 2).

The analysis performed on GWAS catalog concerning the most severe consequence
revealed that out of the 788 GVs evaluated, 442 were not found on this platform (56.1%), 181
were classified as an intronic variant (23.0%) and 82 as an intergenic variant (10.4%). The
missense, regulatory region, non-coding transcript exon, 5'UTR, 3'UTR, TF binding site,
synonymous and stop gained variants together totalized 10.5% of the GVs evaluated (Graphic
3).

It was also observed that of the GVs that were available on GWAS catalog, the vast
majority were related to at least one of the six pre-established traits in the initial search (56.7%),
followed by traits related to dental caries and dentures (13, 0%), Alzheimer's disease (4.0%),
interleukin-1 beta measurement (4.0%) and type 2 diabetes mellitus (3.8%). Several other traits
were identified, but separately they presented values lower than 2% and for this reason they

were grouped in the classification “others” (18.5%) (Graphic 4).
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Figure 2 — Study design flowchart applied to select genetic variants associated with periodontal diseases and to

analyze them in silico.
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Graphic 1 — Genetic variants categorized according to their genomic location related to protein-coding genes on

Genome Browser.

Genetic variant location related to PC genes

O Intergenic
O Intronic
@ Exonic
B3 UTR
m5 UTR

Source: Own authorship.

Graphic 2 — Genetic variants categorized according to their genomic location related to non-coding RNA genes
on Genome Browser.

Genetic variant location related to NCR genes
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Source: Own authorship.



Graphic 3 — Categorization of genetic variants according to the most severe consequence on GWAS catalog .
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Genetic variants on GWAS Catalog

Source: Own authorship.

Graphic 4 — Main traits identified on GWAS Catalog related to genetic variants evaluated 2.

Main traits identified on GWAS Catalog

B Periodontal disease
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= Alzheimer's disease
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Source: Own authorship.

L TF = transcription factor; NC = non-coding.
2 Periodontal Disease refers to periodontitis, aggressive periodontitis, periodontal measurement, periodontal

pocket, gingival bleeding and gingival disease traits.
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Among 788 GV, 679 were in intronic and intergenic regions of PC genes. When evaluated
by ENCODE cCRES database, it was observed that 78 GVs in the human genome were
specifically located in enhancer candidate on GB. These 78 GVs were also analyzed by
GeneHancer to verify regulatory element presence by a second regulation database. After the
second analysis, 30 GVs were selected because they were in regulatory regions in both
regulatory databases. The 30 GVs, their genomic location, GeneHancer ID which is the
interaction between gene and regulatory element, as well as targeted genes and their respective
tissue expressions (GTEx Gene V8) were tabulated (Table 1).

Regarding the GVs that were in intronic region of a NCR gene, it was verified that out of
101 GVs in this region, three were located in a regulatory element in both ENCODE cCRES
and GeneHancer. The same information for PC genes was noted for these three variants (Table
2).

Table 1 — 30 genetic variants located in intronic or intergenic regions of protein-coding genes and in regulatory
sequence detected by the ENCODE cCRES and GeneHancer databases with their respective ID, genomic

location, GeneHancer ID, target gene and tissue expression.

(to be continued)

Genetic Genomic  GeneHancer : .
. . Cell/Tissue expression
variant location ID
S100A8 Esophagus - Mucosa
rs3795391 Intronic  GHO01J153384 S100A9 Esophagus - Mucosa
S100A12 Whole blood
IL19 Cells _|551\;h; (t;zzformed
rs61815643 Intronic GH01J206782 Cells — EBV _ transformed
IL10
lymphocytes
rs3820640 Intronic GHO01J226671 ITPKB Brain
) IL1A Testis
rs1894399 Intronic GH02J112781 IL37 Skin
rs1878318 Intergenic  GH02J112786 IL1B Whole blood
) IL1B Whole blood
rs4848303 Intergenic  GH02J112792 IL1A Testis
. IL1B Whole blood
rs4848304 Intergenic  GH02J112792 IL1A Testis
) IL1B Whole blood
rs1143637 Intronic GH02J112826 IL1A Testis
IL1B Whole blood

rs1143629 Intronic GH02J112826 IL1A Testis
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Table 1 — 30 genetic variants located in intronic or intergenic regions of protein-coding genes and in regulatory

sequence detected by the ENCODE cCRES and GeneHancer databases with their respective 1D, genomic

location, GeneHancer ID, target gene and tissue expression.

rs2227306

rs9366651

rs2071591

rs9271058

rs9271850

rs7740539

Intronic

Intergenic

Intronic

Intergenic

Intergenic

Intronic

GHO04J073739

GHO06J026335

GHO06J031545

GH06J032602

GH06J032621

GH06J106379

PF4V1

BTN3A2
H4C8
NFKBIL1
MICA
DDX39B

HLA-DQA1
HLA-DQA2
HLA-DQB1
HLA-DQB2
HLA-DRB1
HLA-DRB5
HLA-DPB1
HLA-DQA1
HLA-DQA2
HLA-DQB1
HLA-DQB2
HLA-DRB1

HLA-DRBS

BRD2
CRYBG1

(continuation)

Cells — Cultured fibroblasts

Spleen
Prostate
Ovary
Ovary
Uterus
Cells — EBV - transformed
lymphocytes
Cells — EBV - transformed
lymphocytes
Cells — EBV - transformed
lymphocytes
Cells — EBV - transformed
lymphocytes
Cells — EBV - transformed
lymphocytes
Cells — EBV - transformed
lymphocytes
Cells — EBV - transformed
lymphocytes
Cells — EBV - transformed
lymphocytes
Cells — EBV - transformed
lymphocytes
Cells — EBV - transformed
lymphocytes
Cells — EBV - transformed
lymphocytes
Cells — EBV - transformed
lymphocytes
Cells — EBV - transformed
lymphocytes
Tireoide
Esophagus - Mucosa
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Table 1 — 30 genetic variants located in intronic or intergenic regions of protein-coding genes and in regulatory

sequence detected by the ENCODE cCRES and GeneHancer databases with their respective ID, genomic

location, GeneHancer ID, target gene and tissue expression.

rs17875294

rs9331896
rs1360590
rs2282010
rs73443078
rs73389468

rs7933202
rs2771342

rs8008037

rs904310

rs9905793

rs2902925

rs149546760

rs3803890

rs79821641

Intronic

Intronic
Intergenic
Intronic
Intronic
Intergenic

Intergenic
Intergenic

Intronic

Intronic

Intronic

Intergenic

Intronic

Intronic

Intergenic

GH06J170582

GHO08J027610
GH09J022039
GH09J131529
GH10J119416
GH10J132481

GH11J060168
GH14J020988

GH14J091360

GH15J024856

GH17J048538

GH19J055544
GH19J055579

GH19J055598

GH20J025190

PDCD?2

PSMB1

CLU
CDKN2B
CDKN2B-AS1
UBA52P6
UCK1
GRK5
INPP5A
MS4A6A
METTL17

CCDC88C

PPP4R3A

SNRPN
HOXB2
HOXB3
HOXB4
HOXBS5
HOXB6
HOXB7
HOXB9
HOXB-AS1
HOXB-AS2
HOXB-AS3

SKAP1

CDK5RAP3
SBK3
ZNF579
ZNF580
FIZ1
ZNF524
ZNF580
ENTPD6

(conclusion)

Cells — EBV - transformed
lymphocytes
Cells — EBV - transformed
lymphocytes
Brain
Esophagus - Mucosa
Colon — Transvers
Testis
Brain
Artery — Aorta
Artery — Tibial
Spleen
Uterus
Cells — EBV - transformed
lymphocytes
Cells — EBV - transformed
lymphocytes
Brain
Colon — Sigmoid
Colon — Sigmoid
Fallopian tube
Kidney — Medulla
Kidney — Medulla
Kidney — Medulla
Colon — Transvers
Testis
Colon — Sigmoid
Colon — Sigmoid
Cells — EBV - transformed
lymphocytes
Pituitary
Heart
Brain
Thyroid
Brain
Brain
Thyroid
Brain
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Table 2 — Three genetic variants located in intronic region of non-coding RNA genes and in regulatory sequence
detected by the ENCODE cCRES and GeneHancer databases with their respective 1D, genomic location,

GeneHancer ID, target gene and tissue expression.

Genetic Genomic  GeneHancer . :
variant location ID Cell/Tissue expression
rs904310 Intronic  GH15J024856 SNRPN Brain
CDKN2B Esophagus - Mucosa
rs1360590 Intronic  GH09J022039 CDKN2B-AS1 Colon — Transvers
UBA52P6 Testis
HOXB2 Colon — Sigmoid
HOXB3 Colon — Sigmoid
HOXB4 Fallopian tube
HOXB5 Kidney — Medulla
HOXB6 Kidney — Medulla
HOXB7 Kidney — Medulla
HOXB9 Colon — Transvers
rs9905793 Intronic  GH17J048538 HOXB-AS1 Testis
HOXB-AS2 Colon — Sigmoid
HOXB-AS3 Colon — Sigmoid
SKAP1L Cells — EBV - transformed
lymphocytes
CDK5RAP3 Pituitary

25 GVs were within TF motif according to JASPAR database. However, only eight GVs
had information about the risk allele in the reference studies. Motif comparison analysis
revealed that rs61815643 had higher affinity for TF GLI2 than KLF2, as well as rs2771342 that
changed affinity from EN1 to PAX4. Additionally, polymorphism rs904310 (G>A), which is
associated with NFYB TF binding site, and had a better affinity for alternate allele A (p =
6.45x10™) than G (p = 3.72x10%) (Figure 3). This intronic variation is related to both SNRPN
(PC) and ENSG00000286110 (NCR) genes (Figure 4).
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Figure 3 — Motif analysis of rs904310 (G>A) which had a better affinity for alternate allele A (p = 6.45x10%)

than G (p = 3.72x10%). Figure obtained on Tomtom motif comparison tool.
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Figure 4 — The intronic variation rs904310 (light blue) related to both SNRPN (dark blue) and
ENSG00000286110 (green) genes. Also, the variation is in a candidate enhancer predicted by ENCODE cCREs

(orange box) and GeneHancer (grey box). Figure obtained on Genome Browser website.

& c & genomeucsc.edu/cgi-bin/hgTracks?db=hg388astVirtModeType=default&lastVirtModeExtraState=8wirtModeType=default&virtMode=0&nonVirtPosition=&posit.. B 12

Genomes Genome Browser  Tools Mirrors Downioads My Data View Help About Us

UCSC Genome Browser on Human (GRCh38/hg38)
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7 Discussion

This study gives insights in how to predict in silico PD-associated GVs located in CREs.
These GVs were obtained through an integrative review on PubMed and on NHGRI-EBI
GWAS catalog which covered the main reliable resources of information in this field. After in
silico analyses, 30 GVs fulfilled the proposition of this study being PD-associated GVs located
in CREs.

All GVs came from GWAS because it is usually seen as an unbiased approach since it
analyzes each SNP individually across the entire genome (Shaffer et al., 2014). Nevertheless,
several authors criticize the significant p-value threshold on GWAS (p < 5x10®%). Wang et al.
(2019) affirms that is an over conservative method because it tests each SNP individually, but
SNPs function in Linkage Disequilibrium (LD) rather than as casual variant. Divaris et al.
(2013) and Shaffer et al. (2014) emphasize that the threshold is extremely strict and reduces the
power of detecting associations.

Currently, there are 18 PDs associated GWAS from 2010-2021 and only six studies reached
genome wide statistical significance. These six studies found three associations related to
periodontitis trait (Schaeffer et al., 2010; Bevilacqua et al., 2018; Munz et al., 2018), twelve to
periodontal measurement (Offenbacher et al., 2016; Sanders et al., 2017) and one to gingival
bleeding (Zhang et al., 2016).

It is emphasized that GWAS identify many variants associated with complex phenotypes,
however, the biggest challenge is to discover causal variants (Mountjoy et al., 2021). Another
problem encountered is specifically distinguish causal variant among many variants in
proximity in LD (GTEx Consortium, 2020; Vaithilingam et al., 2014). Finally, understand how
GVs influences complex traits such as PDs, considering there are differences on gene
expression levels of individuals affected by a GV and its expression varies between cell/tissue
(Zhu et al., 2016).

Our study demonstrates that rs904310 is an intronic variant of both Small Nuclear
Ribonucleoprotein Polypeptide N (SNRPN) and ENSG00000286110 genes located in candidate
CRE. A GWAS confirmed this variant is statistically significant associated with periodontal
disease related phenotype. The authors supplemented the classical GWAS with information of
periodontal pathogens and local inflammatory response. SNRPN was in the group that had the
highest level of Porphyromonas gingivalis (P. gingivalis) along with genes the code structural
proteins of desmosome, thus, directly effecting epithelial barrier function (Offenbacher et al.,
2016).
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Interestingly, our interaction analysis demonstrates association between the candidate CRE
affected by this GV and SNRPN. This gene is part of a subclass of mammalian genes called
imprinted gene which are expressed for only one parental allele (Juan et al., 2022).

A recent study described that imprinted genes Grb10 and Ddc were associated with an
insulator guided by CTCF protein. The allele specific assemble was responsible for enhancer-
promoter interaction that results in changes in the developing heart (Juan et al., 2022). Hence,
imprinted genes might have different profiles of expression due to CREs interactions in two
possible outcomes depending on parental expression.

Alteration in SNRPN is associated with parental imprint that cause Prader-Willi Syndrome
(PWS) from imprinted and expressed paternal allele. Two case reports had shown association
between PWS and PDs. Greenwood and Small (1990) and Yanagita et al. (2011) reported young
individuals presenting PWS with extensive periodontitis. Sixteen out of thirty patients with
PWS evaluated by Munné-Miralvés et al. (2020) had gingivitis.

Motif analysis of rs904310 (G>A), which is associated with NFYB TF binding site, reveals
a better affinity for alternate allele A (p = 6.45x10#) than G (p = 3.72x107%). However,
overexpression of NFYB is commonly associated with cancer and there is no evidence with PDs
(Fang et al., 2018; Bezzecchi et al., 2021; Feng et al., 2021; Lu et al., 2022).

Overall, rs904310 variant is an interesting SNP for future functional validation in culture
cell, due to statistic significant association with PDs, peculiar aspect of interference in a
genomic imprinted region and an NCR gene, in addition to its location in a candidate CRE.

Polymorphism rs1360590 is an intronic variant of Cyclin Dependent Kinase Inhibitor 2B
antisense RNA 1 (CDKN2B-AS1), also designated ANRIL/CDKN2BAS, located in a candidate
CRE. This gene is in a cluster of significant genetic susceptible locus for cardiovascular
diseases, in proximity with CDKN2A and CDKN2B, genes associated with tumor suppressing
and cell growth regulation respectively. CDKN2B-AS1 transcribes a long non-coding RNA
(IncRNA) that acts silencing CDKN2A (Schaefer et al., 2009; Aarabi et al., 2018).

Schaefer et al. (2009) confirms a shared association of Coronary Artery Disease (CAD)
and AgP at Chr9p21.3 locus. CDKN2A/CDKNZ2B are the nearest coding genes of this locus.
Two years later, Schaefer et al. (2011) described an association between rs1360590 and
CDKN2B-ASL.

Aarabi et al. (2017) critically reviewed the literature regarding genetic association between
PDs and CAD. The authors emphasized 9p21.3 (CDKN2A/B/AS1 cluster) as one of the
frequently loci associating the two diseases. Munz et al. (2018) in a GWAS meta-analysis
highlighted an intronic variant at CDKN2B-AS1 as a risk factor for CAD and AgP.
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In vitro analyses confirms that CDKN2B-AS1 transcripts levels were higher in healthy
gingival tissues than inflamed, with higher expression in connective tissues. Moreover, P.
gingivalis stimulation in human gingival fibroblasts had high mRNA levels of CDKN2B-AS1
after 24h (Schaefer et al., 2011). One of our hypotheses is that a candidate CRE modulates
CDKN2B-AS1 regulation and cause disturbance on gingival connective tissues.

CDKN2B-AS1 transcribe a IncRNA that have been associated with immunosuppression. A
study demonstrates that CDKN2B-AS1 suppress atherosclerosis inflammatory response
inhibiting ADAM10 expression via DNA methylation by DNMTL1 (Li et al., 2019). Lnc-RNA
CDKN2B-AS1 also relieved inflammation of ulcerative colitis by sponging micro-RNAs
(miRNA) that would increase inflammatory cytokine production, barrier function and apoptosis
(Tian et al., 2020).

Li et al. (2021) observed a similar pattern whereas an inflammatory disease (coronary
atherosclerosis) was modulated by a competing endogenous RNA (Inc-RNA CDKN2B-AS1)
that absorbs a proinflammatory miRNA (miR-126-5p), thus alleviating inflammation.

Moreover, in vitro studies have confirmed that transfection of pcDNA-CDKN2B-AS1 in
cultured cells depressed expression of proinflammatory cytokines such as TNF-a, IL-1p, IL-8,
and INF-y (Tian etal., 2020; Li etal., 2021). TNF-a triggers NF-kB activation and upregulation
of CDKN2B-ASL1. The linear transcript interacts with YY1 TF forming a protein complex that
regulates IL-6 and IL-8 expression (Aarabi et al., 2018).

These proinflammatory cytokines are produced due to bacterial dysbiosis stimulation
leading to innate and adaptive immune response. Several cells are involved such as
macrophage, NK cell, neutrophil, and dendritic cell (innate) additionally to T and B cells after
antigen presentation (adaptive) (Kinane et al., 2017).

Furthermore, motif analysis on GB using JASPAR revealed that rs1360590 is located at
the binding site of STATSb TF which is a master regulator of key biological pathways involved
in hemopoietic (Smith et al., 2023). Moreover, a deep learning-based autoencoder predicted the
main immunosuppressing genes associated with periodontitis pathogenesis. Afterwards,
STAT5b was one of the six leading TFs involved with those genes that might mediate
immunosuppressing (Ning et al., 2021).

Collectively, rs1360590 is another interesting variant to be validate because it is located in
a candidate CRE and its target gene transcribe a INcRNA CDKN2B-AS1 with pleiotropic action
in inflammatory diseases upon downregulation of IL-6 and IL-8 via TNF-a stimulus. Also, this
variant is not cataloged on GWAS catalog and there are hundreds GVs in CDKN2B-AS1
statistically associated with CAD.
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The limitation of this study is the lack of functional validation in vitro to confirm some of
the hypotheses in silico. Nonetheless, we want to test if the CRE located in rs904310 modulate
SNRPN expression, as well as rs1360590 might modulate CDKN2B-AS1. Finally, understand
how these regulation expression changes are related to biological mechanisms related to PDs
pathogenesis.

It still a challenge solves the puzzles that leads to the role of regulatory elements in
multifactorial diseases such as PDs. However, few studies have been demonstrating the power
of enhancer disturbance in diseases etiopathogenesis (enhanceropathies) in monogenic

diseases, cancer, and common systemic diseases (Zaugg et al., 2022).
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8 Conclusion

It is concluded there are 30 genetic variants in non-coding region associated with

periodontal diseases in sequences of candidate cis-regulatory element.
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