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Lecture topics

— Factors involved in development of dental caries:

— Oral microbiome
Dental plague (bacterial biofilm)

— Saliva
Saliva composition and its functions

— Behavioral and environmental factors

— Genetic factors
tissue susceptibility to caries

— Molecular analysis of saliva
— Molecular analysis of oral microbiome

— Genetic basis of dental caries
— Genetic association studies related to dental caries
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Dental caries

— the most common disease e
— 32 % of the world population

— hon-communicable disease (according to FDI World Dental Federation)

— shares risk factors with many other non-communicable diseases
— however - Streptococcus mutans transmission from parents to infants (Early childhood caries)

— complex disease
— multifactorial (endogenous and exogenous factors), multiple genes are involved in

— Interaction of several factors contributes to formation of caries
— genetic predispositions
— composition of oral microflora
— composition and physical action of saliva
— overall health condition (immune system disorders, systemic diseases affecting immune system)
— behavioral and environmental factors
— time for which the factors act / interact MUNTI
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Dental caries

_ caries dentium vy V¥V VY

(o hitirsioo com)
— enamel - 95 — 98 % of inorganic matter (apatites - the most important mineral component)
apatite — cationic complexes = ligands Ca?* and (PO,)?*
— counter-ions - Ca,,(PO,);CO; (carbonate apatite), Ca,,(PO,)s(OH), (hydroxyapatite), Ca,,(PO,)sF, (fluoroapatite)
dynamic process characterized by alternating periods of demineralization and remineralization of the enamel
- 1 demineralization ->-> carious lesions progression

— caries formation - organic acids (bacteria, diet) dissolve the mineral part of the enamel by
neutralizing apatite counter-ions (crystal structure disintegration)
—> proteolytic enzymes—> degradation of organic matrix (collagens and proteoglycans)
— carious lesion - dentin - dentinal tubules - pulp - pulpitis, periodontitis
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Factors involved Iin development of caries

e Saliva
ci
. (pH < 5,5) Tooth enamel— —~3 - 6p—H7 Tooth enamel — -
— Saliva: = .
: H, PO, Hydroxyapatite v H,PO, Hydroxyapatite v
. CompleX Carloprotectlve faCtOI’ FHPO ’- Ca ¢ ﬁ. 2,,(PO,),(OH), FHPO ’- Ca ¢ _>H. Ca,,(PO,),(OH),
— maintaining homeostasis . .
. . -2 O P Ca (PO, . -2 O P Ca (PO,
— physical effect wor P WOF F
saliva flow (Washing and lubrication of tissues Demineralization (F-ion presence) Remineralization (F-ion presence)

of oral cavity),
oral cavity clearance (washing of harmful substances, not adhered microorganisms)

— components

gustin (Carbonic anhydrase VI-> buffering capacity), calcium, phosphate, fluoride ions, proteins of specific (IgA, 1gG)
and non-specific immmunity (lysozyme, defensins), other components of immune system

— | food remnants, | microorganisms, | acidity (dilution, buffer systems - bicarbonate, hydrogen
phosphate, proteins), 1 substances with antibacterial, antifungal and antiviral properties, 1
balance between re- and demineralization

www.dentalcare.com/en-us/professional-education/ce-
sssssss /ce410/fluoride-s-mechanism-of-action

— reduced saliva flow € dehydration, obstruction / hypofunction of salivary glands (complex
diseases), medicaments (beta blockers, antidepressants, antihistamines),
drugs (methamphetamine, THC) |

—> promotion of carious lesions formation



Factors involved Iin development of caries
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— dental plaque = biofilm = - s ey
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matrix of extracellular polymeric substances (EPS)
+ aerobic bacteria (Streptococcus sanguinis), facultative anaerobes (S. mutans, S. sobrinus, Lactobacillus sp.),
anaerobes (Actinomyces sp., Velllonella sp.), fungi (Candida sp.)

https://periobasics.com/dental

— saliva - proteins with charged surfaces (acidic PRPs, statherin, histatins) = electrostatic interaction with
phosphate and calcium ions of apatite
— =2 (acquired) pellicle formation (mucins, cystatins, albumin, IgA, 1gG, lysozyme, alpha-amylase, carbohydrates,

neutral lipids, phospho- and glycolipids, glucosyltransferase)
-> protection against demineralization, partial reduction of microbial adhesion

- substrate for bacteria=> biofilm formation 2 dental plague




Factors involved Iin development of caries

Early colonizers: S. mutans: Late colornizers:
mainly health-associated streptococci glucan production acid-tolerant
(e.g. S. sanguinis and S. gordonii) robust biofilm formation acid-producing
acid-tolerant (e.g. Lactobacillus and
acid-producing Veillonella spp.)
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Poor oral hygiene %

— Dental plaque:

High-sugar diet

Other salivary, immunological,
and microbial factors

— problem: dysbiosis of oral microbiome
—_—

disruption of homeostasis

— => 1 cariogenic species (ferment carbohydrates to organic acids + tolerate low pH environment)
—> prevailing Streptococcus mutans a Streptococcus sobrinus, Lactobacillus sp., Candida sp.

— factors promoting cariogenic species
| saliva, | oral hygiene - 1 plaque thickness; 1 intake of sugars / acids - acidification; | immunity, inflammation,...

1 dental plaque - lack of oxygen - 1 anaerobic metabolism—> metabolism of fermentable carbohydrates - organic
acids = | pH - demineralization > ->—> caries

S. mutans - dextran (a-1,6-D-glucan) - extracellular insoluble polysaccharide - 1 protection of bacteria against
adverse environment (low pH, antimicrobial factors), 1 co-adhesion of other species, 1 plaque adhesion
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Factors involved in development of caries

— External factors:
poor oral hygiene
poor eating habits (excessive intake of fermentable carbohydrates)
smoking
alcohol consumption
medicaments (salivary glands function impairment, acidification of oral cavity, antibiotics)

poor access to quality food, drinking water, hygiene supplies, medical care

— Time
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Factors involved in development of caries

— Genetic predisposition:

— complex disease (genetic, epigenetic and exogenous factors)

multiple genes

genetic heterogeneity — locus heterogeneity (mutations in genes at different loci), allelic heterogeneity (different
mutations at the same locus)

incomplete penetrance — pathological phenotype is not manifested in all individuals carrying disease-causing gene
(positive effects of other alleles or exogenous factors)

phenocopy — pathological phenotype is manifested by individuals who are not carrying disease-causing gene

high frequency of risk alleles in population

ethnic variability (disease-causing genes can vary among populations, variant alleles can have different impact on
phenotype in different populations)

- it is possible to determine only genes (alleles) which act as risk factors - predisposition (predisposing genotype can
increase probability of disease development, but does not determine the disease)
MUNI
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Molecular analysis
of saliva (g

Saliva as a Diagnostic Fluid ,'I“““H
0
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Molecular analysis of saliva

— Saliva as a diagnostic fluid

— saliva collection: non-invasive, easy, painless,
repeatable (available material), can be used for all age
categories

— markers of diseases of the oral cavity, systemic
diseases (disease diagnostics, monitoring of disease
development depending on therapy)

— salivaomics — uses high-throughput technologies
(genomics, transcriptomics, proteomics, metabolomics,
lipidomics and microbiomics) to study saliva
components and identify biomarkers
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Table describing examples of commonly analyzed biomarkers in whole mouth saliva;
CRP — C-reactive protein; HPLC — high performance liquid chromatography; IC —ion
chromatography; LC-MS - liquid chromatography mass spectrometry; MALDI-TOF MS -
matrix assisted laser desorption ionization-time of flight mass spectrometry; RT-LAMP —
reverse transcriptase loop-mediated isothermal amplification; AOPP — Advanced
Oxidation Protein Products; TBARS — Thiobarbituric Acid Reactive Substances; TAC —
Total Antioxidant Capacity; FRAS — Free Radical Analytical Systém.

Group of molecules Biomarkers Method
Interleukins Multiplex arra
Cytokines Tumor-necrotising factor ) P y .
. Luminex fluoresce technique
Interferons, Chemokines
Acute phase proteins CRP ELISA
) Myeloperoxidase
Inflammatory proteins Neutrophil elastase ELISA
Antibodies Anti-HIV, Anti-RO RT-LAMP
Anti-La ELISA
Testosterone ELISA
Hormones Estradiol
} HPLC
Cortisol
Enzvmes Amylase ELISA
Y Lysozyme MALDI-TOF MS
Proteins-polvoeptides Immunoglobulin A MALDI-TOF MS
Polypep Lactoferrin ELISA
DNA methylation Microarra
Nucleic acids DNA mutations ay
Sequencing
microbiome
N 25(0OH)D(3) LP-MC
Vitamins vitamins A, C, E ELISA
lons Na*, K*, Mg*, CI, Ca®*, NH IC
AOPP Spectrophoto-
Oxidative stress Spectrofluorometric methods
TBARS
ELISA
TAG Spectrophoto-
Antioxidant status Spectrofluorometric methods
FRAS ELISA

Jansakova et at.,

Klin. Biochem. Metab., 26 (47), 2018, No. 1, p. 21-26
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MED



Molecular analysis of saliva

— Saliva as a diagnostic fluid

— worse reproducibility of results € high variability
technical (sampling, processing, method used)
interindividual
biological (influence of the condition of the oral cavity, systemic
diseases (Sjogren's syndrome), xerostomia (medicaments),
11| analyte concentration in comparison with serum - 1 saliva
sample volume, detection limit, depletion of abundant proteins

- standardization

—> correlation of protein markers to saliva total protein concentration
—> standardization of used methods
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Table describing examples of commonly analyzed biomarkers in whole mouth saliva;
CRP — C-reactive protein; HPLC — high performance liquid chromatography; IC —ion
chromatography; LC-MS - liquid chromatography mass spectrometry; MALDI-TOF MS -
matrix assisted laser desorption ionization-time of flight mass spectrometry; RT-LAMP —
reverse transcriptase loop-mediated isothermal amplification; AOPP — Advanced
Oxidation Protein Products; TBARS — Thiobarbituric Acid Reactive Substances; TAC —
Total Antioxidant Capacity; FRAS — Free Radical Analytical System.

Group of molecules Biomarkers Method
Interleukins Multiplex arra
Cytokines Tumor-necrotising factor . P y .
. Luminex fluoresce technique
Interferons, Chemokines
Acute phase proteins CRP ELISA
: Myeloperoxidase
Inflammatory proteins Neutrophil elastase ELISA
Antibodies Anti-HIV, Anti-RO RT-LAMP
Anti-La ELISA
Testosterone ELISA
Hormones Estradiol
} HPLC
Cortisol
Enzvmes Amylase ELISA
Y Lysozyme MALDI-TOF MS
Proteins-polvoeptides Immunoglobulin A MALDI-TOF MS
Polypep Lactoferrin ELISA
DNA methylation Microarra
Nucleic acids DNA mutations ay
Sequencing
microbiome
N 25(0OH)D(3) LP-MC
Vitamins vitamins A, C, E ELISA
lons Na*, K*, Mg*, CI, Ca®*, NH IC
AOPP Spectrophoto-
Oxidative stress Spectrofluorometric methods
TBARS
ELISA
TAG Spectrophoto-
Antioxidant status Spectrofluorometric methods
FRAS ELISA

Jansakova et at.,

Klin. Biochem. Metab., 26 (47), 2018, No. 1, p. 21-26
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Molecular analysis of saliva

— Saliva as a diagnostic fluid — dental caries susceptibility

— point-of-care testing (chair-side diagnostic kits):

— physical properties: volume, flow rate, viscosity, consistency commercial kits (visual or
— pH and buffering capacity of saliva colorimetric detection)

commercial kits

— lactate (colorimetric detection)

— determination of cariogenic bacteria S. mutans and Lactobacillus sp.

commercial kits
(immunochromatographic detection
of antigen, cultivation kit)
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Molecular analysis of saliva

— Saliva as a diagnostic fluid — dental caries susceptibility

— saliva protein biomarkers associated with caries susceptibility:

1 saliva total protein, total antioxidant capacity (TAC)
T alpha-amylase, mucins (MUC1 a MUC5B)

| arginine deiminase system, albumin, proteinase 3, PRP1/3, statherin, histatin 1

| concentrations of calcium and bicarbonate ions
| urease activity

— saliva protein biomarkers associated with susceptibility to early childhood caries:
T PRPs, histatins, IgA, IgG
| statherin

15 Genetics in Dentistry, Spring/2021 — Dentistry, Department of Pathophysiology MED MUNI
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Molecular analysis of saliva

— Saliva as a diagnostic fluid — examples of disease biomarkers

— autoimmune diseases
Sjogren's syndrome - a-amylase, carbonic anhydrase VI, lactoferrin, 2-microglobulin

— heurodegenerative diseases
Alzheimer's disease - total tau protein, phosphorylated tau protein, amyloid- and alpha-synuclein

— genetic diseases
cystic fibrosis — Ca, PO,%, Na, K, ClI, | saliva volume, urea, uric acid, prostaglandin E,
— cancer
squamous cell carcinoma — IL-8, IL-6, IL-16, IL-4, IL-1, VEGF, HERZ2, tissue polypeptide antigen (TPA) and EGFR,
LDH, N-a-acetyltransferase 10 protein (NaalOp), carcinoembryonic antigen (CEA) protein, serum basic fibroblast
growth factor (bFGF), transferrin, cyclin D, Maspin, specific mMRNAs .............
breast cancer - HER2/neu (C-erbB-2), VEGF, EGF, specific mRNAs, autoantibodies against HER2 and MUC-1
pankreas cancer — transcriptomic markers of mMRNAs (KRAS, MBD3L2, ACRV1 a DPM1), specific miRNA,
lactoperoxidase, Cyclophilin B, Cytokeratins (14, 16 a 17)
— endocrine diseases
Cushing's syndrome and Addison's disease - cortisol
sex hormones - polycystic ovary syndrome, menopause / andropause, anovulation, hypogonadism,
hyperestrogenism

= =
m e
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Molecular analysis of saliva

— Saliva as a diagnostic fluid — examples of disease biomarkers

— cardiovascular diseases
CK-MB, myoglobin, troponin I, myeloperoxidase, inflammation markers (CRP, TNF-a, MMP-9), cellular adhesion
molecules (soluble CD40 and ICAM-1)
— metabolism
diabetes mellitus type 2 - 1,5-anhydroglucitol, CRP, leptin, IL-6, TNF-a
— Infectious diseases
HIV - antibodies against HIV
viruses - IgM / IgA antibodies, viral RNA
Candidiasis, amebiasis - Candida sp., Entamoeba histolytica (antibodies)
Hepatitis - DNA of HBV virus
Peptic ulcer disease, gastritis - Helicobacter pylori (IgG antibodies, H. pylori DNA)
— allergy
food allergies - IgE and 1gG;
— periodontitis
bacteria of ,red complex’ (Porphyromonas gingivalis, Tannerella forsythia, Treponema denticola), Aggregatibacter

actinomycetemcomitans |\/| U |\| I
biomarkers - MMP-8, MMP-9, osteoprotegerin, ALT, a-amylase
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Molecular analysis of saliva

— Saliva as a diagnostic fluid
— diseases biomarkers

Follow OralDNA Labs on Social Media

HOME ~ ABOUT  CONTACTUS  ADDITIONALLINKS — ORALDNA.COM

I Periodontal Disease SUBSCRIBE TO BLOG VIA EMAIL

Enter your email address to subscribe to Trends in

MyPerioProgress: Features and How-To Video
Salivary Testing and recelve notifications of new
() Posted o February 5, 2021 by Diane Larson RDH, BSDH posts by email.
According to Merriam Webster, the definition of a posttest Is “a test given to students after
L7 SRET T completion of an nstructional prog
& rostedin » Tagged

https://www.oraldna.com/trends-in-salivary-testing/

https://www.ada.org/en/member-center/oral-health-topics/salivary-diagnostics
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Table 2. Examples of Commercially Marketed Oral Fluid Tests

18, 22-25

Test (Manufacturer)

Intended Use

23andMe® Health + Ancestry

Detect genetic health risks (e.g.,
BRCA1/BCRAZ status), carrier
status, physical traits, and wellness
features

Alert 2™ (OralDNA Labs)

Combine MyPerioPath® and
MyPerio ID® IL-6

Celsus One™ (OralDNA Labs)

Evaluate genetic markers related to
inflammatory response

DNA DrugMap™ (OralDNA Labs)

Detect drug metabolizer status

Intercept® i2™ Intercept® i2he™, and
Intercept® Oral Fluid Drug Test (OraSure
Technologies, Inc.)

Detect drugs of abuse (e.g.,
marijuana, cocaine and opiates)

MyPerio ID® IL-6 or IL-1 (OralDNA Labs)

Detect genetic polymorphisms
associated with increased genetic
risk for severe periodontal disease

MyPerioPath® (OralDNA Labs)

Evaluate the number and
concentration of bacteria implicated
in periodontitis

OraMark™ Test (Vigilant Biosciences)

Detect CD44 and total protein
associated with oral cancer

OraQuick® In-Home HIV Test, OraQuick®
HIV Self Test, and OraQuick ADVANCE®
Rapid HIV-1/2 Antibody Test (OraSure
Technologies, Inc.)

Detect HIV-1 and/or HIV-2
antibodies in oral fluid

OraRisk HPV® (OralDNA Labs)

Screening tool to identify the type(s)
of oral HPV present

OraRisk HSV® (OralDNA Labs)

Detect HSV-1 or HSV-2 present in
the oral cavity

OraRisk® Candida (OralDNA Labs)

Detect and identifies all common
species of Candida present in the
oral cavity

OraRisk® CT/NG (OralDNA Labs)

Detect the presence of Chlamydia
trachomatis and/or Neisseria
gonorrhea in the oropharynx

OraSure® HIV-1 (OraSure Technologies,
Inc.)

Detect HIV-1 antibodies in oral fluid

Q.E.D. Saliva Alcohol Test (OraSure
Technologies, Inc.)

Detect alcohol in oral fluid

SaliMark OSCC® (PeriRx, LLC)

Detect increased levels of certain
MRNAs associated with increased

risk of oral cancer




Molecular analysis of
oral microbiome
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https://www.jorthodsci.org/viewimage.asp?img=
JOrthodontSci_2014_3_4_125_143233_{6.jpg



Health : Disease

Intact enamel

Molecular analysis of OM

Subgingival eubiotic biofilm

Homeostatic inflammation

Intact bone

— Oral microbiome
— biomarker of dental caries and periodontitis

— polymicrobial infection = microbiological profile of patients

—> disease susceptibiity |

Caries

Demineralized enamel leading
to cavitation

Supragingival dysbiotic biofilm

EPS matrix and acidogenic—
aciduric environment

Periodontitis
Periodontal pocket,
attachment loss

Subgingival dysbiotic communities
on root surface, in GCF and in
and on the epithelium

Severe, destructive inflammation

Resorbed bone

\

|

Microbial colonization occurs on all available surfaces, and microorganisms can also penetrate epithelial
tissues and cells. The microbiota assembles into biofilm communities on the abiotic and biotic surfaces.
In health (left), eubiotic biofilms maintain a homeostatic balance with the host. In disease (right), caries

H H H and periodontitis ensue when biofilms become dysbiotic, resulting in increased levels and duration of
9 early dlagnOS|S Of dlsease (before Onset Of SymptomS) low pH challenge and the induction of destructive inflammatory responses, respectively. EPS,

extracellular polymeric substance; GCF, gingival crevicular fluid.
https://doi.org/10.1038/s41579-018-0089-x

—> monitoring the course of disease and effectiveness of treatment (shift of microbiota from dysbiosis to eubiosis),

targeted treatment
—> an effective tool for disease prevention (evidence of patient dental care)

- development of new therapeutic approaches, personalized dental treatment

-> research - an effort to fully characterize a "healthy" microbiome (Which components of the microbiome should be
monitored to evaluate the return of the microbiome from dysbiosis to a state compatible with health? Is it sufficient to

monitor only selected key species or is it necessary to use multispecies assays?)
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Molecular analysis of OM

— Oral microbiome — methods of analysis

— point-of-care testing (chair-side diagnostics) :
dental caries risk — device CariScreen Susceptibility Testing Meter (Oral

BioTech LLC) — after wiping the plague off the tooth surface by special brush

a reaction of ATP occurs nad bioluminescence is measured by the device
—> bacterial activity S. mutans

— analysis in laboratory
commercial kits — an example

periodontitis — kit MyPerioPath® (OralDNA Lab), saliva test, testing presence
and amount of 11 bacteria species that promote periodontitis onset and
development (quantitative real-time PCR analysis)

21 Genetics in Dentistry, Spring/2021 — Dentistry, Department of Pathophysiology MED MUNI
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Molecular analysis of OM

— Oral microbiome — methods of analysis

— sampling

—> microbial communities present on different parts of the oral cavity (saliva, tongue, palate, buccal mucosa,
tooth surfaces, gums, supra- / subgingival plaque, tonsils, throat) show an overall similarity, but with small

differences

- sample collecting from a specific site / rinsing of the whole mouth
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Molecular analysis of OM

— Oral microbiome — methods of analysis

— microbiological cultivations
- OM is one of the most complex microbial communities in the human body - some species have not yet been
cultivated

— 16S rRNA seguencing
—> sequencing of the conserved gene for 16S rRNA, the most common method, taxonomic data only

— whole genome shotgun sequencing (WGS)
- DNA is randomly cut and then subjected to Sanger sequencing or NGS; a tool for metagenomic analysis; not only
taxonomic data but also biological functional profiles of the microbial community

— gPCR

—> not only the gene for 16S rRNA, but also other genes; also allows quantification

— ELISA test
—> antigens, P. gingivalis

= =
m e
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Molecular analysis of OM

r}

— Oral microbiome

Taxon Description

[ Taxon Table

7 Taxonomic Hierarchy

— database

& Taxonomic Level

7 Download Taxonomy Data

16S rRNA RefSeq

% Identify 165 rRNA using BLASTN

! View 16S rRNA RefSeq
Phylogenetic Tree

e

! Download RefSeq & Taxonomy

7 HOMD 16S rRNA RefSeq Version
History

[ Taxa with Annotated Genomes

i All Oral Genomes

&' All Genomes

# HOMD JBrowse Genome Viewer »
% Genomic Trees »

¥ Download Genomic Data

s HOMD Reference Genome Version
History

[ View genomic tree based on
conserved proteins.

& D All Protein Seq
Annotated from Genomes

¥’ HOMD JBrowse Genome Viewer »
& View Genome Annotation

7' BLAST Against HOMD Genomes »
¥ Download HOMD Data

& HOMD FTP Site

£/ HOMD Posters

[ Oralgen »

' How to cite HOMD

[ Project Description

[ Strains and DNA Availability

! Team

G
L1 cHOMD
D e expanded Human Oral Microbiome Database

Welcome to eHOMD

The goal of creating the expanded Human Oral Microbiome Database (eHOMD) is to provide the scientific community with comprehensive
curated information on the bacterial species present in the human aerodigestive tract (ADT), which encompasses the upper digestive and upper
respiratory tracts, including the oral cavity, pharynx, nasal passages, sinuses and esophagus. eHOMD should also serve well for the lower
respiratory tract. Currently, eHOMD includes a total of 775 microbial species, 687 from version 14.51 of HOMD and 88 added in this expansion
based on publicly available data on the microbiota of the aerodigestive tract outside of the mouth. Of all the species, 57% are officially named,
13% unnamed but cultivated and 30% are known only as uncultivated phylotypes. One important aspect of the eHOMD, is that it presents
provisional naming scheme for the currently unnamed taxa, based on the 16S rRNA sequence phylogeny, so that strain, clone and probe data
from any laboratory can be directly linked to a stably named reference scheme. The eHOMD links sequence data with phenotypic, phylogenetic,
clinical and bibliographic information. Genome sequences for aerodigestive tract bacteria determined as part of the HOMD project, the Human
Microbiome Project and other sequencing projects are being added to the eHOMD as they become available. A total of 2074 oral/nasal
genomes, representing 529 taxa (67% of all taxa, 95% of cultivated taxa) are currently available on eHOMD with annotations and can be viewed
in a genome browser software. In addition, eHOMD includes 14 non-oral/non-nasal taxa to recruit reference genomes in phyla with no or few oral
representatives (Chlorobi, Chloroflexi, GN02, TM7, SR1, WPPS-2. Hence, the total number of genomes are 2087 including non-oral/non-nasal
taxa. The eHOMD site offers easy to use tools for viewing all publicly available ADT bacterial genomes. Welcome!

Primary Investigators: Tsute Chen, Floyd E. Dewhirst, Isabel Fernandez Escapa, Yanmei Huang, Katherin P. Lemon, Bruce J. Paster, and
William G. Wade

Current Research Contributors: Erica Prosdocimi, Hayley Thompson, Nezar Al-hebshi, and Prasad Gajare.

Past Research Contributors: Oxana Baranova, Jessica Blanton, Anuj Camanocha, Derrick Fouts, Akila Ganesan, Jacques |zard, Taylor Joyce,
Alice Kirega, Erin Klein, Abby Lakshmanan, Cori Leonetti, Maoxuan Lin, Emmanuel Mongodin, Alexandra Rybalka, Derek Spencer, Anne
Tanner, Sonia Vartoukian, Griffin Weigle, Larry Yang, and Wen-Han Yu
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Molecular analysis

— Oral microbiome
— a potential biomarker of
systemic diseases
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dysbiosis as a non-
Invasive biomarker

of OM

Alzheimer’s disease Periodontitis

* Spirochaetes * (Red complex) — Porphyromonas gingivalis,
*  Porphyromonas gingivalis Treponema denticola, Tannerella forsythia
= * Archaeal methanogens
* Proteobacteria .
Caries ':‘.‘
* Streptococcus mutans, Lactobacillus [
Cardiovascular disease * non-mutans Streptococci H‘
Porphyromonas gingivalis, —
0‘ s Porphyromonas endodontalis
- : :
\. * Prevotella intermedia,
i A Prevotella nigrescens Diabetes
* Campylobacter rectus » Aggregatibacter, Neisseria, Gemella
* Porphyromonas, Filifactor, ————)
—= = q Eubacterium gjﬁ?‘"_"‘}:'h/ 3
Cystic fibrosis B . o=
*  Streptococcus oralis ; Pancreatic cancer

(high or low, depending R = Leptotrichia (low early, high later)
on er!\_/lronmental *  Porphyromonas gingivalis,
conditions) _ - Aggregatibacter actinomycetemocomitans
* Other Streptococci o (high early, low later)
Esophageal cancer ?
* Tannerella forsythia, Porphyromonas gingivalis

* Neisseria, Streptococcus pneumoniae Rheumatoid arthritis

{
)
!

. * Veillonella, Atopobium, Prevotella, :
1 Leptotrichia, Lactobacillus salivarius, { B
Colorectal cancer P, Cryptobacterium curtum f )
« Lactobacillus, Rothia * Porphyromonas gingivalis, Haemophilus, 4
Neisseria

* Fusobacterium nucleatum :
* Rothia mucilaginosa, Rothia dentocariosa,

Rothia aeria

Oral and systemic diseases associated with the oral microbiome. A representation of the associations found between diseases with increases
or decreases of the abundances of organisms in the oral cavity. Organisms listed in blue have been shown to be increased in abundance in
the oral cavity in individuals presenting with the noted disease, and organisms listed in red have been shown to be decreased. Those in
purple may be either increased or decreased depending on the conditions or progression of the disease.
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Case-control study for genetic association

Controls (n=1,000)
VS. (do not express
the trait)

fafid

Cases (n=1,000)
(express the trait)

Genetic assoclation Wil
studies - candidate |ﬁ|
gene approach

(case-control studies)

http://www.discover yandinnova tion.com/BIOL20
2/notes/lecture25.html
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Genetic assoclation studies

— Candidate genes

— Selection of suitable candidate genes

in general, based of known biological, physiological and/or functional relevance to the disease

search for new potential genes (alleles) in the whole genome (GWAS, QTL - quantitative trait locus)

— Suitable candidate genes for caries association studies

genes participating in tooth development and affecting its morphology
genes related to immune response

genes related to production and composition of saliva

genes related to taste preferences
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Genetic assoclation studies

— Candidate genes

— Selection of alleles (polymorphisms)

SNP, CNV, VNTR
based on studies already performed in other populations, GWAS, QTL

minor allele frequency is sufficient in a given population
(] frequency of allele in the population €< 1 number of cases / controls)

linkage disequilibrium among SNPs - tagSNP
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Genetic assoclation studies

— Methods of genotyping

— selection of an appropriate methodical approach
number of polymorphisms to be determined
total number of samples to be genotyped
guality of DNA sample (genomic DNA - blood, saliva, buccal swab)
costs - equipment, chemicals, consumables

availability of commercial genotyping services
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Genetic assoclation studies

Comparison of ds used for binding lectin gene (MBL?2) genotyping.
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-Specific PCR) PCR-SSOP)
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. . . A membrane immobilized sequence-specific during by- hy . . . i i X . i )
discrimination/detection specific for one allele  specific for both alleles leavage of PCR 1 fl ly labelled probe  hybridization of fluorescently labelled probe ) . 2 PCR with fl labelled dids b leotid labelled dids b leotide ( )
oligonucleotide probes reaction
no, when real-time PCR thermocycler
post-PCR analysis yes yes yes no . yes no yes yes
is used
2h 1-15h
analysis time 2h2 2-3n2 + 1-2h% + 3.4h 2-3h 6-7h 56h
130 2-8 min. $
1
4 ) 9 5 5
ber of work st “ 2 (PCR, gel analysis, RFLP, gel : ( ek te P8 ocycles (PCR, gel analysis, denaturation, hybridization, 2 A (PCR. 1 acti ificati (PCR, enzymatic cleaning, SBE reacti
number of wor el is, A el is, on, hybridization, 2 reaction, ic ¢ q reaction,
s (PCR, gel analysis) (PCR, gel analysis) ® ys- o (real-time PCR) is used for PCR and subsequent melting ® 3 : (PCR, gel analysis, purification, pyrosequencing) R ! 7 z 5
analysis) ¥ washing steps, 3-step color development) analysis on sequencer) enzymatic cleaning, analysis on sequencer)
temperature analysis)
automatic analysis no no no yes yes no yes yes yes
number of analyses for complete MBL2 9
1 12 6 6 6 5 1 4 2 1
haplogenotype
number of oligonucleotide primers + .
. % . 6 TaqMan assays (12 primers + s . - Arps - Z 2
labelled primers/probes 24 primers 15 primers 6 primers 12 TaaM bes) 10 primers + 5 TagMan probes 4 primers 8 primers + 4 biotinylated primers 2 primers 8 primers
2 an
for complete MBL2 haplogenotype 1 i B
estimated cost of analysis of whole ” ¢
1 1USD 1USD 2USD 2USD 1USD product was discontinued 2USD 5USD 1.50 USD
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real-time PCR thermocycler vacuum workstation, pyrosequenci
special equipment requirement - - - real-time PCR thermocycler . A water bath with shaking platform, aspiration apparatus ol . L2 g automated DNA sequencer automated DNA sequencer
or fluorescence scanning/detection system machine
SNP genotyping throughput low low low high high medium high high high
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real-time PCR instruments with HRMA (Mutation Surveyor, G ker, Minor Variant Finder yes
software for automatic allele calling no no no (SDS software, SNPman . no no . 1
) 7 compatible software with Software, SeqScape™ Software, Variant Reporter™ ) (GeneM: GeneMarker)
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Genetic assoclation studies

— Genotyping methods

— PCR+RFLP (restriction fragment lenght polymorphism)

- PCR amplification followed by specific restriction digestion

M C/C C/T T/T

polymorphism is part of a palindromic sequence bp
Hinf |
5...G'AN[T|C ... 3
3 CTNA‘G 5 400 <« 400
300~ , « 318
l.alela>5...GAGCC...3 =S

Il.alela=>5...GAGTC... 3

100 —

82

Huang, BCM Cancer (2008)



Genetic association studies NN

143 bp
135 bp
128 bp

— Genotyping methods

— allele-specific PCR

https://doi.org/10.1016/j.jim.2004.10.007

-> primers that are specific for particular allele
- if the allele is present - amplification product is generated - detection

E:t_gtcgtacaaatatcagaaggtc Yas
<

@:tgtcgtacaaatatcagaaggtc Xas
<

S'agaaaatgcttacccaggcaagectgtBtaaaacacca-308-tcactgccacligaaagcatgtttatagtettccagcagcaacg?d
3'tcttttacgaatgggtcogtteggaca@attttgtggt-308-agtgacggtg@ctttcegtacaaatatcagaaggtcegtegttgey

Ls cttacccaggcaagcc_gg

Hs cttacccaggcaagccggf@
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homozygote

Genetic assoclation studies
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Genetic associlation studies

— Genotyping methods

— Sanger sequencing > sequence of a part of DNA with polymorphism

110 120 130 140 150

heterozygote
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Genetic assoclation studies

— Genotyping methods

— Single Nucleotide Polymorphism
Detection with the IPLEX® Assay |
and the MassARRAY® System p—)
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Genetic assoclation studies

— Genes that have been associated

with increased risk of dental carries

— Proteins involved in development of enamel

AMELX — Amelogenin gene

ENAM — Enamelin gene

TUFT1 — Tuftelin gene

KLK4 — gene encoding Kallikrein-related peptidase 4
AMBN — Ameloblastin gene

TFIP11 — gene encoding Tuftelin-interacting protein 11

MMPs (MMP20) — genes encoding Matrix Metalloproteinases
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Secretory Maturation stage
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Schematic diagram of histological changes in amelogenesis. The histological development of enamel crystals goes hand in hand
with changes in ameloblast morphology. Undifferentiated epithelial cells receive signals to transform into secretory ameloblast
cells of some 75 pym tall and ~5 ym in diameter with a specialized distal cell process (Tomes’ process) which plays an important
role in matrix exocytosis. These same cells will retransform into shorter cells (~35 pym tall) during maturation devoid of the
Tomes’ process. In maturation stage, ameloblasts undergo cyclical changes from a cell with a distal ruffled border, the
ruffled-ameloblast (RA), to a cell with a smooth distal border, the smooth-ameloblast (SA). Tight junctions are found at the basal
and apical pole of secretory ameloblasts. The apical or distal pole is closest to the enamel crystals. In RA cells, tight junctions
are found only at the apical pole but in SA cells they are located at the basal pole. Organellar distribution differs in cells at each
stage (see text for details). SI = stratum intermedium, PL = papillary layer, EMPs = enamel matrix proteins. MMP20 and KLK4
are the main proteases in AMEL processing. See also organellar distribution at each stage.
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Genetic assoclation studies

— Genes that have been associated
with increased risk of dental carries

Sugars: Artificial sweeteners: quinine, denatonium,

sucrose, fructose = saccharin, aspartame salicin
N \\ / N
Sweet receptor: \
T1R2/T1R3 cc
PLC
IF3 3
IP3R3 IP3R3
ca ( cart car  cavt
Na*, K* entry through TRPM5 Na*, K* entry through TRPM5
Depolarization Depolarization

https://doi.org/10.3390/s100403411

— Taste receptors = associated with heightened preference for sweet taste = 1 sugar intake

TAS2R38 — gene encoding Taste receptor 2 member 38 - G protein-coupled receptor, responsible for sensitivity to bitter

taste

TAS1R2 / TAS1R3 — genes encoding Taste receptor 1 member 2 and 3 - G protein-coupled heterodimeric receptor,

responsible for sensitivity to sweet taste
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Absorption of carbohydrates
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Genetic assoclation studies
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— Genes that have been associated
with increased risk of dental carries S
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https://doi.org/10.3390/s100403411

— Glucose transporter > associated with heightened preference for sweet taste = 1 sugar intake

GLUT2 — gene encoding Glucose transporter 2 — required for glucose-stimulated insulin secretion (pancreatic 3-cells),
controls perception of glucose (nervous system) - control of food intake

- expression is required for the physiological control of glucose-sensitive genes, its inactivation in the liver leads
to impaired glucose-stimulated insulin secretion
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Genetic associlation studies

— Genes that have been associated
with increased risk of dental carries

— Proteins of immune system
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Schematic representation of the lectin pathway of the complement system. The lectin pathway (LP) is
triggered by five pattern recognition receptors (PRR): mannose-binding lectin (MBL), ficolin-1, -2, and -3,
and collectin 11 (CL11 or CL-K1). The LP is initiated when these PRRs bind to pathogen-associated
molecular patterns (PAMPs) on the surface of pathogens or to apoptotic or necrotic cells (damage-
associates molecular patterns, DMAPs). Circulating MBL, CL11, and ficolins form complexes with MASP-1
and MASP-2. After the binding of MBL, ficolins, and CL-11 to their targets, MASP-1 auto-activates and
triggers MASP-2. Activated MASP-2 cleaves C4 and C2 allowing the assembly of the C3 (C4bC2a) and C5
(C4bC2a(C3),)convertases and the subsequent activation of the terminal pathway. Activated MASP-1 also
cleaves C2. MAC = membrane attack complex.

https://doi.org/10.1007/978-1-4614-9209-2_7-1

MBL2 — gene encoding Mannose-binding lectin (AKA Mannose-binding protein, Mannan-binding protein/lectin, Collectin 1,

MBP1, or Mannose-binding protein C)

— soluble serum lectin recognizing specific carbohydrates on bacterial surfaces - | complement activation
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Genetic assoclation studies
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Figure 4. Salivary proteins and functions (black) that present polymorphisms associated positively (red) or negatively (blue) with

dental caries experience. )
https://doi.org/10.1590/1807-3107bor-2017.vol31.0041

DEFB1 — gene encoding B-Defensin 1 — an antimicrobial peptide from family of Defensins (alpha, beta), which includes
cysteine-rich cyclic cationic peptides. They are part of innate immunity, create channels in the cytoplasmic
membrane of bacteria, stimulate the immune system incl. complement (classical pathway), act as chemoattractants.

LTF — Lactoferrin gene — transport globular glycoprotein, binds free iron. Part of innate immunity, antibacterial (peroxides are
formed when interacting with bacterial membranes), antiviral (competition of adhesion of viral particles to host cells,
binding to particles of certain types of viruses), antifungal (against C. albicans) activity, stimulation of phagocytosis.

LYZL2 — gene encoding Lysozyme-like protein 2 — part of C-type Lysozyme family.
Hydrolyzes glycosidic bonds in peptidoglycans (breaking down the cell wall of G* bacteria). IVI
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Genetic assoclation studies

— Genes that have been associated
with increased risk of dental carries

— Proteins in saliva
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Figure 4. Salivary proteins and functions (black) that present polymorphisms associated positively (red) or negatively (blue) with

dental caries experience. )
https://doi.org/10.1590/1807-3107bor-2017.vol31.0041

CAG6 — gene encoding Carbonic anhydrase VI — enzyme also called ,gustin’, catalyzes the hydratation of carbon dioxide to form
bicarbonate ions and protons. Saliva pH maintenance (bicarbonate buffer system)

MUC7 — gene encoding Mucin 7 — low molecular weight glycoprotein (MG2), participates in the formation of acquired pellicle and

thus in bacterial adhesion and biofilm formation

MUC5B — gene encoding Mucin 5B — glycoprotein (MG2), participates in the formation of acquired pellicle and thus in bacterial

adhesion and biofilm formation

PRH1 — gene encoding salivary acidic proline-rich phosphoprotein 1, participates in the formation of acquired pellicle and thus in

bacterial adhesion and biofilm formation
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Genetic assoclation studies

— Pitfalls of genetic association studies of dental caries

— too many factors play a role in etiopathogenesis - set of patients (cases) can never be perfectly categorized - perfectly
defined set of cases cannot be created - maximally defined set of cases as far as possible

— most studies do not confirm the association, only suggests (some studies even give conflicting results)

—> further association studies (more samples) - studies of individual polymorphisms (but their effect may be small), but also
genes and loci (gene-based and gene-cluster analysis) - further strengthening of results

- meta-analysis — a combination of data obtained by an exhaustive search of published and unpublished data worldwide -
increasing the consistency of the results (by increasing the strength of the result). Many primary studies are too small to
demonstrate an important clinical effect (not strong enough). A combination of all studies that answer the same clinical
guestion - increase in statistical power or significance level

— detailed questionnaires for evaluating the influence of psychological, sociological, economic and behavioral factors -
fragmentation of set of cases to too many groups of too few patients

M

N1
D

42 Genetics in Dentistry, Spring/2021 — Dentistry, Department of Pathophysiology MED MUNI



Kalikrien

Ameloblastin

DSPP

Amelogenin

v

Tasters (sweet dislikers) - Lower dmfs
Non-tasters (sweet likers) - Higher dmfs
Taste genes influence diet pattern -
caries susceptibility,

Tuftelin

Human leukocyte antigen & Defensins, Mannose
Binding lectin associated with
inhibition/colonization of microorganism hence

the resistance/ susceptibility of an individual varies
based on the genotype of immune elements.
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