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Molekularne biologicka analyza oralnich
patogenu a slin, zubni kaz




Témata

— Faktory podilejici se na vzniku zubniho kazu
— Molekularni analyza sliny
— Molekularni analyza oralniho mikrobiomu

— Genetika zubniho kazu
— Genetické asociacni studie ve vztahu k zubnimu kazu
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Zubni kaz o\

a faktory prispivajici E=an
K jeho vzniku

Dental Health Services Victoria
(www.betterhealth.vic.gov.au)




Zubni kaz jako onemocneni é \:;

Puwadol Jaturawutthichai

— nejrozsirengjsi chronické onemocneni i
— 3,5 miliardy lidi (530 milionu déti, dle WHO)

— Infekéni = transmissible or non-communicable???
— prenos bakterii (napf. z matky na dité slinou pfi oliznutim dudliku)

— komplexni
— multigenni, multifaktorialni (faktory endogenni a exogenni)

— na vysledném vzniku se podili souhra vice faktoru

— slozeni oralni mikroflory (hlavni faktor)

— vlastnosti skloviny a dentinu (kvalita povrchu zubu)

— slozeni a fyzikalni plsobeni sliny

— genetické predispozice celkovy zdravotni stav (poruchy imun. systému, systémova onem.
ovlivAujici I1S)

— behavioralni a environmentalni faktory

— Cas — doba po kterou faktory pusobi/spolupusobi
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Zubni kaz

Saliva composition/

Confounding
factors/risk
indicators/
predictors

flow/pH/buffer

Determining
factors/risk
factors

Diagrammatic representation of the determining (risk factors) and confounding factors (risk
indicators/predictors) in dental caries disease.

DOI:10.5005/jp-journals-10047-0051
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Zubni kaz o g;

— caries dentium
porusen dynamicky proces cyklického stridani demineralizace a re-mineralizace P
zubni skloviny - 1 demineralizace - - tvorba zubniho kazu

— sklovina - kolem 97 % anorganické hmoty (apatit — kationtova komplexni slou€enina = ligandy Ca2*a (PO,)?
+ proti-anionty - Ca,,(P0,);CO; (karbonatapatit), Ca,,(PO,)s(OH), (hydroxyapatit), Ca,,(PO,)sF, (fluorapatit)

— organické kyseliny (bakterie, strava) - neutralizace aniontl apatiti - rozpad krystalové jednotky = rozpousténi mineralni
slozky skloviny = vznik kazu

Cukr 0 sklovina @3 R
chrani T poskozuji = 4w
sacharéza, apatit v
bakterie i p hydroxylapatit Ca;o(PO4)6(OH) »
fruktoza strava P,
* / Ieky P ="
anaerobni . 7
dextrany «—  meta- f ©
bolismus  kyselina ml&ena, - 'a’
kyselina propionova, .__q‘ =
bakterie, napf.  Kyselina octova, th
B S e kyselina maselna Qo “he A
Streprococets kyselina mravenéi Pt
mutans i O ca ) 4
soli demine- or P [
vapniku ralizace © on- | @ W
Color Atlas of Biochemistry

(3rd edition, 2013)

— proteolytické enzymy bakterii - odbouravani organické slozky (kolageny, proteoglykany)
— kaz - dentin - dentinové kanalky - zubni dfefi - zanét dfené (pulpitida), ozubice (periodontitida)
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Faktory prispivajici ke vzniku zubniho kazu

— Slina:

komplexni karioprotektivni faktor
udrzovani homeostazy

fyzikalni faktor
prutok slin (omyvani a lubrikace tkani dutiny ustni),
oralni clearance (odmyvani Skodlivych latek,
nepfisedlych mikroorganismu)

— ,,chemicky* faktor

gustin (karbonicka anhydraza VI - pufrovaci kapacita),
vapenaté, fosfatové, fluoridove ionty,

lysozym, laktoferin,

proteiny specificke (IgA, 1gG)

a nespecifické imunity (defensiny, katelicidiny, histatiny, statherin),

proteiny bohaté na prolin (PRPs),
muciny

* Histatin 5
* f-Defensins
* Cathelicidins

* Amylases 4 _ * Growth Factors
e Cystatins y .~ e Histatins
* Histatins Antibacterial | M\ | * Secretory leukcyte
* Mucins n g | Mr@g | protease inhibitor
* Peroxidases . ~ * Trefol factor
y * Leptin
-
> 4
4
y
oCysatns | o o 4 Saliva — S:;asrbs::e
" Mucins : | Functions . Prote?nsn
J |
."U;

¢ Amylases
* Cystatins ¢ Cystatins
* Mucins * Histatins
* Proline-rich proteins * Proline-rich proteins
* Statherins e Statherins

* Amylase
* Mucins
* Lipase

= =
m <
O =

https://doi.org/10.1371/journal.ppat. 1008058




Faktory prispivajici ke vzniku zubniho kazu

— Slina:

— pusobeni sliny:
—> 1 rovnovaha mezi re- a demineralizaci
- | zbytky potravy, | mikroorganismy,
| kyselost prostrfedi (fedéni, pufrovaci systémy
— bikarbonat, hydrogenfosfat, proteiny)
- 1 latky s antibakterialnimi, antimykotickymi
a antivirovymi vlastnostmi

— problém - snizena tvorba slin

< dehydratace, uzkostné stavy, obstrukce/hypofunkce
slinnych Zlaz (DM, Sjogrentv syndrom, AIDS, tumory
a jejich léCba, akutni infekce)

< léky (beta blokatory, antidepresiva, antihistaminika)

< drogy (metamfetamin, THC)

- podpora vzniku zubniho kazu

Kyselina

(pH < 5,5)

F

Sklovina — el
| B
-
H.PO," Hydroxyapatit ‘ v
F Ca™ H.. Ca,,(PO,),(OH),
HPO,*
Ca™ :
Can . Fluorapatit
b 4 '
HPO.}. F F ca\a{PoJ-]‘Ft
Ca"
Demineralizace {v pfitomnosti F- iont()
Sklovina — =
I ,
-
H,PO, Hydroxyapatit v
F Ca™ H- Ca, (PO,),(OH),
HPO *
it Fl tit
. uorapati
8 e N
HPO‘;. F F an 478 2
C&l”

Re-mineralizace (v pfitomnosti F- iontt)

MUNI
MED

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




Faktory prispivajici ke vzniku zubniho kazu

— Oralni mikrobiom: B susacteriom —

aggregatibacter Prevotella Gants gungivalis
— dutina Ustni - unikatni mikrobiologicky habitat > separatni & "=

ekologické niky (ne/deskvamujici povrchy, slina) -

kolonizace specifickymi druhy mikroorganismu

intermedia selenomonas

/O ~ ) flueggei
< ;& £
e o
i usoba tert um nucleatum =

capnocylophiaga P = =
hli & i yc Ez;jevqt e!}a
é &LL‘ &; israelii fenticola

#-Caphocyte i )

f © i P P

[ ‘;:

f gMgnmif
— druhy nejrozmanitéjsi (az 1000 druhu mikroorganismu) ﬂwymﬂﬁaﬂa .
—> udrzovani homeostazy (kompetice a vytésfiovani exogennich

patogenl pro zachovani stability ekosystému)
- modulace imunitniho systému

Late colonisers

T

Prevotella loescheii

Veillonella

atypica
Tikenell,

oYY o P
. 1‘ &
o ’ oralis ‘ }%‘
& e
Tatls £

— dentalni plak = mikrobialni biofilm g T ooth Surface Wi,
-> matrix z extracelularnich polymernich latek (EPS) Mpatcsscs ot e
—> aerobni bakterie (Streptococcus sanguinis), fakultativné anaerobni bakterie (S. mutans, S. sobrinus, Lactobacillus sp.),
anaerobni bakterie (Actinomyces sp., Veillonella sp.), plisné (Candida sp.)

| dctinomyces
& naeslundi
)

}[aem(mm!m\
species

F Farly Colonisers
A
@

— pelikula (ziskana kutikula)

- slina = proteiny s povrchovym nabojem (kyselé PRPs, statherin, histatiny) = el.stat. interakce s fosfatovymi a
vapenatymi ionty apatitu = vznik acelularni pelikuly (muciny, cystatiny, albumin, IgA, 1gG, lysozym, alfa-amylaza, cukry,
neutralni lipidy, fosfo- a glykolipidy, glukosyltransferaza) - ochrana prfed demineralizaci a Caste¢né pred adhezi
mikroorganismu (proteiny na povrsich jsou zaroven i ve sliné) - kompetice bakterialnich vazebnych I U I I
receptort - substrat pro bakterie = formace biofilmu M E D




Faktory prispivajici ke vzniku zubniho kazu

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
L4 4 A " acid-producing Veillonella spp.)
— Dentalni pla A s
* %g Shl

%y
o0

Other salivary, immunological,
and microbial factors

— problém: dysbi6éza oralniho mikrobiom
—> poruseni homeostazy - posun z eubiotické rovnovahy
od mutualismu/komensalismu k nevyvazenému
parazitickému/patogennimu stavu - podpora vzniku
a rozvoje onemocnéni (polymikrobialni)

Poor oral hygiene

High-sugar diet

-—>

https://doi.org/10.3389/fmicb.2018.03323

— dentalni plak - pfevaha kariogennich druht (fermentuji sacharidy na org. kyseliny + toleruiji
prostiedi s nizkym pH) - nejCastéjsi Streptococcus mutans a Streptococcus sobrinus,
Lactobacillus sp., Candida sp.

— faktory podporujici pfevahu kariogennich druhu
- 1 pfijimané cukry/kyseliny - okyselovani, | imunita, zanét, ...
- | slina, | oralni hygiena - narust tloustky plaku
- 1 plak 2 nedostatek kysliku = 1 anaerobni metabolismus - metabolizace fermentabilnich sacharidi - organické
kyseliny = | pH = demineralizace
- 1 plak = chrani kariogenni bakterie pfed obrannymi mechanismy hostitele

S. mutans - dextran (a-1,6-D-glukan) = extracelularni nerozpustny polysacharid = 1 ochrana bakterii proti
vliviim prostiedi (nizké pH, antimikrobialni faktory), 1 koadheze dalSich druhu, 1 pfilnavost plaku
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Faktory prispivajici ke vzniku zubniho kazu

— Externi faktory:
- nedostateCna oralni hygiena
- nevhodné stravovaci navyky (nadmeérny pfijem fermentovatelnych sacharida)
- koureni (e-cigarety — napln ma vysoky obsah cukru)
- pozivani alkoholu
- léky (posSkozen funkce slinnych Zlaz, okyselujici dutinu ustni, antibiotika)
- nemoznost pristupu ke kvalitni strave, pitné vodé, hygienickym potfebam,

|Eékarské pédi

— Cas

https://www.ispcd.org/userfiles/rishabh/V8I2/V8I2A7 .pdf
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Graph 2: The proportion of significancy of caries predictors
in very high human development countries.
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Graph 3: The proportion of significancy of caries predictors
in not very high human development countries.




Faktory prispivajici ke vzniku zubniho kazu

— Geneticke predispozice:

— komplexni onemocnéni (genetické, epigenetické a exogenni faktory)

polygenni
geneticka heterogenita — heterogenita genu lezicich na riznych lokusech (lokusova), heterogenita uvnitf jednoho

genu (alelicka)
neuplna penetrance — ne u vSech jedincl dochazi k manifestaci patologického fenotypu (dalSi pfiznivé pusobici

alely, pfiznivy vliv exogennich faktort)

fenokopie (patologicky fenotyp i u jedincu, ktefi nemaji sadu patologickych alel)

vysoka frekvence patologickych alel v populaci

etnicka variabilita (odpovédné geny se mohou lisit, varianty gent maiji v riznych populacich razny vliv na fenotyp)

- lze urcit pouze geny (alely), které zvySuji miru rizika onemocnéni (risk factors) = predispozice
(predisponujici genotyp mize zvysSovat pravdépodobnost onemocnéni, nicméné nedeterminuje

jednoznacné jeho pfitomnost) MUNTI

MED




Molekularni analyza
(Salivaomika) y ‘ “’WIH
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Molekularni analyza sliny

Saliva is composed of biomolecules and fluids from different sources. Saliva is mainly
secreted by salivary glands, and its informative biomolecules (DNA, RNA, proteins,
metabolites and microbiota) are obtained from salivary glands, oral mucosa cells, oral

— S | i n a ja ko d i ag n Osti Cké m ed i u m microbiota and gingival crevicular fluid.

SOURCE 1 SOURCE 2 SOURCE 3 SOURCE 4 SOURCE 5 SOURCE 6

- bOhaty rezerVOér peptldﬁl, prOtGiruo'I a NK salivary gland  Oral mucosal cells Oral microbiotaand Blood Gingival cevicular fluid Food

viruses

o
— slozky slin se prokazatelné méni v reakci na Cnns @{%@ ; \ 3;3 @Ej

urgita onemocnéni a stavy ©® o

— vice nez 100 molekul detekovanych ve | | | T | | |

vzorcich slin je hodnoceno jako potencialni
diagnostické nebo prognostické biomarkery
pro rizna onemocnéni (napf. zubni kaz, SALIVA
”r . A complex mixture of DNAs,
parodontitida, rakovina, cukrovka) RNAS and proteins originated | .y cio oo

from several sources
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https://doi.org/10.1371/journal.ppat.1008058




Molekularni analyza sliny

— Slina jako diagnostické medium

— Salivaomika
- pojem zaveden 2008

—> spojuje znalosti o ruznych ,omickych® slozkach sliny
(proteom, transktiptom, metabolom, mikrobiom, ...)

-> vyuziva high-throughput technologie (genomika,

transkriptomika, proteomika, metabolomika, lipidomika a
mikrobiomika, ...)

—> analyza sliny - identifikace biomarkeru

The different and complementary components of salivaomics

Genomics
Other omics Epigenomics
Lipidomics Salivaomics Transcriptomics
Microbiomics Proteomics

Metabolomics

—

https://doi.org/10.1007/978-3-030-37681-9_4
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Table 1. Description of Human Saliva Collection Methods.

Molekularni analyza ...

Fluid Method of Collection and Type of Collection Device

u
Patients should refrain from eating, drinking, and oral hygiene procedures for at least 1 h before saliva collection. (Optimum collection time is 810
Whole Saliva (WS) am ). Before collection perform a 1 min oral rinse with distilled water and then after 5 min collect ~5 mL of saliva. Collected sample must be

processed in the laboratory within 1 h

Unstimulated Whaole Saliva Passive drooling: In this method restrict oral movement and drain saliva from the lower lip into a plastic vial

(USWS) Spitting method: Instruct subject to spit into a collection vial. In this method 14 times more bacterial contamination is introduced into the sample.

Stimulated Whole Saliva For the stimulation of glands, chewing different things like natural gum, a piece of paraffin wax. citric acids, and powdered drink crystals have been
(SWS) used

Method introduced by Carlson and Crittenden (1910). In this method a double chambered metallic cup with two outlet tubes is used. One end

[ ] [ ] [ ] [ ] r
— S I I n a a ko d I a n OStI Cke Parotid Gland holds the cup in place using vacuum suction. The second half acts as a collection vehicle for saliva. Specimen collection can be enhanced by
J g smearing citric acid (10%; 1 mL) on the dorsum of tongue every 30 s. Discard the first 1.5 mL of saliva prior to sample collection.

Submandibular/Sublingual Truelove, Bixler, and Merrit (1967) used a "V'-shaped collector. This method is similar to that for parotid gland collection, but in this case the initial

L]
m ed I u m Gland 2 mL Is discarded

Minor Glands Kutscher ef al. (1967) used capillary tubes for collecting saliva from minor glands located at the everted surface of the lower lips.

https://doi.org/10.3390/ijms17060846

Vyhody:

— odbér neinvazivni, snadny, bezbolestny, opakovatelny (trvala dostupnost materialu), i nevyskoleny
personal, Ize u vSech vékovych kategorii

— vzorek o velkém objemu, stabilni v Case, zpracovani rychlé, levné

— potencial nahradit krev pfi screeningu, diagnostice a prognéze onemocnéni

https://doi.org/10.1371/journal.ppat. 1008058
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Moleku |érni analyza sli ny - otdzka validace biomarkert pro klinické

aplikace

- verifikace = stanoveni biomarkeru rlznymi

— Slina jako diagnostické medium technikami, dosazeni podobnych vysledkd

- validace = preklinicka = definitivni akademicka

(prospektivni odbér vzorkd, retrospektivni evaluace)
- multicentrické studie

Limitace:

— korelace hladin biomarkert sérum/slina

11} koncentrace analytl v porovnani se sérem > 1 objem vzorku slin, detek&ni limit metody, deplece abundantnich
proteint (PRPs, a-amylaza, albumin, muciny and sekre¢ni IgA mohou tvofit az 80 %), osmolalita

— vysoka variabilita = horsi reprodukovatelnost vysledkd
- technicka (odbér, zpracovani, pouzita metoda)
inter- (vé€k, pohlavi, fyziologicky stav) a intraindividualni (cirkadianni, cirkanuaini)
biologicka (vliv stavu dutiny ustni, cirkadianni rytmus, systémova onemocnéni (Sjogrenliv syndrom), IéCiva,
chemo/radioterapie) = objem a slozeni slin
rychlost a stimulace toku slin = koncentrace slinnych biomarkeru
proteolytické enzymy (mikrobiom/hostitel) - stabilita ur€itych biomarkeru

— otazka standardizace

- vztazeni proteinovych markeru k celkovému proteinu sliny (stejna osoba jako vzorek i kontrola)
-> standardizace pouzivanych metod, validace protokoll

—> zohlednéni vSech proménnych (variabilita slozeni, misto odbéru, rychlost toku, objem vzorku, stimulace, M

—

kontaminace krvi, odbérové soupravy, integrita analytu)

https://doi.org/10.1371/journal.ppat.1008058
https://doi.org/10.1007/978-3-030-37681-9
cIn/articles/2013/january/saliva

https://www.aacc.org/cln/;




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.

Molekularni analyza sliny

— Slina jako diagnostické medium

Group of molecules Biomarkers Method
Interleukins Multiol
Cytokines Tumor-necrotising factor Bt # G art[ayh .
Interferons, Chemokines uminexJiuoresge teennigre
Acute phase proteins CRP ELISA
SDe ktI’OfOtometl’ICké metOdV Inflammatory proteins N,\élzterlggﬁizcg;iet‘:ge ELISA
’ - Anti-HIV, Anti-RO RT-LAMP
ates Anti-La ELISA
. i Testoste_rone ELISA
— UV/Vis spektrofotometrie Hormones Estraciol HPLC
(enzymy, metabolity, proteiny, anti/oxidanty) = Amylase ELISA
YIS Lysozyme MALDI-TOF MS
, v . , . Proteins-polypeptides Immunoglobulin A MALDI-TOF MS
— Atomova absorpCni/emisni spektrometrie Lactoferrin ELISA
(elementarni atomy a ionty — Ca, Mg, Cr, Mn, Ni, Pb / Na, K) | \ceic acids o Microaray
G equencing
microbiome
. . o 25(0H)DE) LP-MC
— NIR (near infrared) spektroskopie MRS vitamins A, G, E ELISA
(ionty pfechodnych kovu a kovl vzacnych zemin, molekuly lons Na, K*, Mg, CIr, Ca?*, NH; I
YN - Spectrophoto-
ObS.ahUlel .VaZby C'H’ N'H! S'H’ O'H - thyOkyanat’ IgA’ Oxidative stress _I'_AI‘BOAEZ Spectrofluorometric methods
kortisol, slinna a-amylaza, mocovina, fosfaty, celkovy ELISA
: Spectrophoto-
protel n) Antioxidant status e Spectrofluorometric methods
PGS ELISA

Jansakova et at.,
Klin. Biochem. Metab., 26 (47), 2018, No. 1, p. 21-26

https://doi.org/10.1007/978-3-030-37681-9




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 —

Molekularni analyza sliny

— Slina jako diagnostické medium

Total Antioxidant Capacity; FRAS — Free Radical Analytical Systém.

Group of molecules Biomarkers Method
NitSGTIS Multiplex arra
Cytokines Tumor-necrotising factor Bt f P tyh .
Interferons, Chemokines uminexJiuoresge teennigre
Acute phase proteins CRP ELISA
I mu noesele Inflammatory proteins NMyeIope_roxidase ELISA
eutrophil elastase
) ) o Anti—HIV,. Anti-RO RT-LAMP
— Enzyme-linked immunosorbent assay (ELISA) Anti-La ELISA
vr _— - , . . . . Testost
(pfima, nepfima nebo sendvicova — adiponektin, kortison, kortizol, | Homones i ELis
C-reaktivni protein, D-dimer, laktoferrin, IgA, IgM, IgG, IgE, Couiy
. Amylase ELISA
myoglobin) Enzyines Lysozyme MALDI-TOF MS
S— | tid Immunoglobulin A MALDI-TCF MS
. - v s : _ ] EEIPOUERRTEeS Lactoferrin ELISA
— Chemiluminiscencni imunoesej (kortizol, testosteron, laktat) T _
Nucleic acids DNA mutations SMlcroarrgy
. ] microbiome el
— Fluoroimunoesej (slinna a-amylaza, Haptoglobin, C-reaktivni b o 250HD@ LPMC
Ll itamins A, C, E ELISA
rotein) vitamins A, C,
p lons Nat, K+, Mg?, CI, Ca?*, NH,’ IC
AOPP Spectrophoto-
[ . . . . Oxidative stress Spectrofluorometric methods
— Radioimunoesej (kortizol, estradiol, oxytocin) TBARS ELISA
TAC Spectrophoto-
v ; . ] L ] Antioxidant status FRAS Spectrofluorometric methods
— Neznadené Imunoeseje (nefelometrie, turbidimetrie, ELISA

imunochromatografie, biosenzory/Cipy)

Jansakova et at.,
Klin. Biochem. Metab., 26 (47), 2018, No. 1, p. 21-26

https://doi.org/10.1007/978-3-030-37681-9




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 —

Molekularni analyza sliny

Total Antioxidant Capacity; FRAS — Free Radical Analytical Systém.

[ ] [ ] [ ] [ ] Y 4 ]
—_ Sllna Jako dlagnOStICke l I IedIU| I I Group of molecules Biomarkers Method
Interleukins Multiolex arra
Cytokines Tumor-necrotising factor . P y o
: Luminex fluoresce technique
Interferons, Chemokines
Acute phase proteins CRP ELISA
Z H H H H H 5 Myeloperoxidase
T9kuta bIOpS e (I |q u |d bIOpsy) Inflammatory proteins Neutrophil elastase ELISA
R Anti-HIV, Anti-RO RT-LAMP
— U nadorovych onemocneéni il =
Testosterone
: ELISA
Hormones Estradiol
) HPLC
., v s b o . .. Cortisol
— nahrazuji tradicni tkanovou biopsii _— Amylase ELISA
2! Lysozyme MALDI-TOF MS
Proteins-polypeptides Immunoglobulin A MALDI-TOF MS
o Lactoferrin ELISA
— testy detekuji: e
methylation U —
. ., , , . Nucleic acids DNA mutations Sequenciné
cirkulujici nadorove bunky microbiome
Vitamins 25(0CH)D(3) LP-MC
exomy vitamins A, C, E ELISA
z z : lons Na*, K+, Mg+, Cl-, Ca2+, NH_* IC
nadorovou DNA, nadorovou RNA a proteiny 9 : e
141 7 T Faci&ts H H 4 P Oxidative stress i S ectroflﬁteafoﬁ[;trci)cor;lethods
(Sifieni do krevniho fecCisté nebo slin z primarni léze) TBARS P SIEA
TAC Spectrophoto-
Antioxidant status FRAS Spectrofluorometric methods
ELISA

Jansakova et at.,
Klin. Biochem. Metab., 26 (47), 2018, No. 1, p. 21-26

https://doi.org/10.1007/978-3-030-37681-9




SALIVA
SAMPLING

Molekularni analyza sliny g

— Slina jako diagnostické medium

Omiky* I . va I
o E)(= .
— DNA (genomika a epigenomika - rakovina) = M L e

— RNA (transkriptomika - biomarkery pro chronickou parodontitidu, TN T T N T
Sjogrenuv syndrom, rakovinu plic, vaje€niku, prsu a slinivky) Ftps://do org/10.3300/bios1 1100356

— proteiny (proteomika - Sjogrentv syndrom, Downuv syndrom, schizofrenie)

Collect Sample Perform test Compile Analyze
sample processing test results  test results

— metabolity (metabolomika — rakovina Ustni dutiny, hepatocelularni
a kolorektalni karcinomy, parodontitida, chronické onemocnéni ledvin)
— lipidy a mikrobiom (lipidomika, mikrobiomika)...

1 Patient
| admitted/
1discharged

1

CONVENTIONAL TESTING PROCEDURE

L Time saved by POCT

POCT

— vysoka citlivost, kvantitativni vysledky [] | ! ﬂ‘
, . ° , - , i Load Analyze i
— analyza souboru biomarkeru pro dané onemocnéni s .
collection discharged

Patient
arrival

— soubézna analyza stovek analytl - pfesna detekce malych zmén L\
() ()

— zatim zadna v klinické aplikaci 2 snahy o ,point-of-care” testovani

https://doi.org/10.1007/978-3-030-37681-9




Molekularni analyza sliny

— Slina jako diagnostické medium — zubni kaz

— zadny diagnosticky test
— testy nachylnosti k zubnimu kazu - mikrobiologicka laborator

> stanoveni pfitomnosti kariogenni mikroflory
> kvantitativni ur€eni pfitomnosti fermentujicich mikroorganismu ve sliné
> stanoveni pufrovaci kapacity slin a rychlosti sekrece slin

> kvantifikace kolonii plisné Candida albicans

— shahy o vztazZeni prevalence zubniho kazu k fenotypu urCeném ze sliny = rozporuplné vysledky




Molekularni analyza sliny

— Slina jako diagnostické medium — nachylnost k zubnimu kazu

— proteinové biomarkery sliny asociované s nachylnosti ke vzniku zubniho kazu:

1 celkovy protein, celkova aktivita antioxidantd
1 alfa-amylaza, muciny (MUC1 a MUCSB)

| arginin deiminazovy systém, albumin, proteinaza 3, PRP1/3, statherin, histatin 1

| koncentrace vapenatych a hydrogenuhli¢itanovych iont(
| aktivita ureazy

— proteinové biomarkery sliny asociované s nachylnosti ke vzniku ECC:
T PRPs, histatiny, IgA, 1gG

| statherin

= =
m <
-

—
—
—




Molekularni analyza sliny

— Slina jako diagnostické medium — parodontitida, rakovina DU

— parodontitida
- 1 slinné biomarkery — IL-13, MMP-8, MMP-9, TNF-a, AST, ligand pro receptor aktivatoru nuklearniho faktoru kB
(RANKL), osteoprotegerin, prostaglandin E,
— |ze je pouzit pro detekci poCinajici parodontitidy, pro rozlisSeni parodontitidy, gingivitidy a pro
predikci progrese parodontitidy a sledovani prognozy

- 1 bakterie Cerveného komplexu (Porphyromonas gingivalis, Tannerella forsythia, Treponema denticola)
- 1 Aggregatibacter actinomycetemcomitans, Prevotella infermedia (G- anaerobi)

- genetické predispozice pro nachylnost - polymorfismus v genu pro IL-1

— nadory (dlazdicobunécny karcinom dutiny ustni — OSCC)
- 1 slinné biomarkery — IL-6, IL-8, IL-1q, IL-13, CD59, MRP14 (myeloid related protein), profilin 1, katalaza, protein
vazajici Mac-2 (M2BP)
—> dalSi potencialni markery ve sliné - telomeraza, Cyfra21-1, tkanovy polypeptidovy antigen, nadorovy marker CA 125,
CD44, glutathion, transferrin, mRNA (IL8, IL-1B, fosfataza DUSP1, hemaglutinin HA3, enzym OAZ1, S100 calcium-
binding protein P, acetyltransferaza SAT) nékteré aminokyseliny, laktat, mimobunééna DNA, mikroRNA, buriky

karcinomu M U N I

doi: 10.3390/bios11100396 |\/| E D
https://www.mdpi.com/2075-4418/7/1/7/htm
https://doi.org/10.1016/j.tibtech.2018.05.013




Molekularni analyza sliny

— Slina jako diagnostické medium

— testovaci sady pro ordinace (point-of-care testovani, chair-side kits): R bacteria

=
U CRT®buffer
|'.

Refill

— zlepSeni individualizované péce
- stanoveni rizika vzniku zubniho kazu

riziko nastupu a posouzemi progrese parodontitidy

screeningu rakoviny DU

— zubni kaz

- fyzikalni parametry: mnoZstvi, rychlost toku, viskozita, konzistence

laktat

stanoveni kariogennich bakterii S. mutans a Lactobacillus sp.

pH sliny a pufrovaci kapacita

e

ivoclar .
vivadent: |

..... |

komer¢ni kity (stanoveni vizualné, kolorimetricky)

komer¢ni kity (stanoveni kolorimetricky)

komercni kity

(kultivaéni, imunochromatograficka detekce antigenu)

MUNI
MED




Molekularni analyza sliny .
— Slina jako diagnostické medium

— testovaci sady pro ordinace (point-of-care testovani, chair-side kits):

— parodontitida
- detekce ve sliné — aktivni MMP-8 - PerioSafe® PRO DRS (imunochromatografie) a ORALyzer® (analyzator)

- detekce v tekutiné dasnoveého sulku — aMMP-8 (ImplantSafe DR®), AST (PerioGard, PocketWatch)

Table §2: Commercially available POC adjuncts for oral cancer examination

i ok . Approximate cost )
POC Device Company Principle Sample Sensitivity o —

- nédOI’ (OSCC) of analysis

Salivary adjuncts

Screenlng Oramark/  OncAlert | Vigilant Biosciences, | Salivary Biomarkers - | Saliva Qualitative NA (“OncAlert Oral Cancer LAB
RAPID Test Fort Lauderdale, | CD44 and total protein Test | RAPID Test | Vigilant
Florida Biosciences | Vigilant

Biosciences,” n.d.)

OncoE6™ Oral Test | Arbor Vita | HPV viral E6 | Saliva Qualitative NA (“Products-CoVisa | Arbor Vita
Corporation, oncoprotein Corporation,” n.d.)

Fremont, California

SaliMark OSCC | PeriRx LLC, | DNA biomarkers Saliva Quantitative 2008 (SaliMark ™ OSCC The Most
salivary DNA test Broomall, Clinically-Advanced and
Pennsylvania Scientifically-Validated

Molecular DNA Test for Oral

Squamous ~ Cell  Carcinoma,

n.d.)
The OraRisk® HPV | (OralDNA Labs, Inc., | Oral HPV biomarkers Saliva Quantitative 2008 (“OralDNA | Test Menu |
Complete Genotype | Eden Prairie, OraRisk ~ HPV  Complete M U I\I I
Minnesota Genotyping,” n.d.) |\/| E D

https://doi.org/10.1016/j.bios.2021.112995
https://doi.org/10.3390/diagnostics11060932




Molekularni analyza sliny

— Slina jako diagnostické medium

— parodontitida

Table 2. Examples of biomarker assay kits in the market.

Biomarker
Classification

Sampling From

Product Name

Detecting Target

Detecting Principle

Analyzing in

Biochemical
assay

Enzymatic digestion

Chairside

GCF Periocheck Neutral proteases reaction
(Colorimetric assays)
Enzymatic catalysis
GCF PocketWatch AST reaction
(Colorimetric assays)
Enzymatic catalysis
GCF PerioGard AST reaction
(Colorimetric assays)
Oral rinse PerioSafe N Lateral flow test-with
GCF ImplantSafe a i digital reader (OraLyzer®)
Lateral flow test with
Oral rinse SillHa ST-4910 Bl levkoeytes anid

protein

dual-wavelength
reflectometry

https://doi.org/10.3390/diagnostics11060932
https://decisionsindentistry.com/article/diagnostic-utility-oral-fluid-biomarkers/

= =
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Molekularni analyza sliny
— Slina jako diagnostické medium
—biomarkery onemocneni

— autoimunitni onemocnéni
Sjégrenuv syndrom — a-amylaza, karbonicka anhydraza VI,
laktoferin, 2-mikroglobulin

— neurodegenerativhi onemocnéni
Alzheimerova choroba — celkovy tau protein, fosforylovany tau
protein, amyloid- a alfa-synuklein

— genetické onemocnéni

~ =
~ -
/ = “
s S
- Saliva
A“‘ ' \ v

.. i

= T~

cysticka fibréza — Ca, PO4 , Na, K, Cl, | objem slin, mo&ovina, kyselina mogova, prostaglandln E,

— rakovina
spinocelularni karcinom —

factor (bFGF), transferin, cyklin D, Maspin, specifické mRNA

IL-8, IL-6, IL-18, IL-4, IL-1, VEGF, HERZ2, tissue polypeptide antigen (TPA) and EGFR, LDH,
N-a-acetyltransferase 10 protein (Naa10p), carcinoembryonic antigen (CEA) protein, serum basic fibroblast growth

r. prsu - HER2/neu (C-erbB-2), VEGF, EGF, specifické mRNA, autoprotilatky proti HER2 a MUC-1

r. slinivky — transkriptomické markery mRNA (KRAS, MBD3L2, ACRV1a DPM1), specifické miRNA, laktoperoxidaza,

Cyklofilin B, Cytokeratiny (14, 16 a 17)
— alergie
potravinova alergie - IgE a IgG;

doi:10.7759/cureus.7708

Cardiovascular diseasey

https://doi.org/10.1016/j.medntd.2022.100115

Disease

Periodontitis
Caries
Brain cancer
Oral cancer
Oesophageal cancer
Lung cancer
Breast cancer
Pancreatic cancer
Gastric cancer
Ovarian cancer
Alzheimer's disease
Chronic migraine

Leukaemia
AIDS
Hepatitis
Diabetes mellitus




Molekularni analyza sliny

— biomarkery onemocneni

— kardiovaskularni onemocnéni
CK-MB, myoglobin, troponin |, myeloperoxidaza,
markery zanétu (CRP, TNF-a, MMP-9),
markery adheze (rozpustny CD40 a ICAM-1)

Disease

Periodontitis
Caries
Brain cancer
Oral cancer
Oesophageal cancer
Lung cancer
Breast cancer
Pancreatic cancer

— metabolismus

diabetes melitus 2. typu — 1,5-anhydroglucitol, CRP,
leptin, IL-6, TNF-a

Gastric cancer
Ovarian cancer
Alzheimer's disease
Chronic migraine
Cardiovascular diseases
Leukaemia
AIDS
Hepatitis
Diabetes mellitus

— infekCni onemocneéni
HIV — protilatky proti HIV
viry — pfitomnost protilatek IgM/IgA, virova RNA :
Kandidéza, amébiaza — pfitomnost Candida sp., Entamoeba FusiGiyuva (Wpidiidiny
Hepatitida — pfitomnost DNA viru HBV
Peptidické viedy, gastritida, — pfitomnost Helicobacter pylori (1gG protilatky, DNA H. pylori)

https://doi.org/10.1016/j.medntd.2022.100115

— hormonalni nemoci
Cushinguv syndrom a Addisonova choroba — kortizol
pohlavni hormony — syndrom polycystyckych ovarii, menopauza/andropauza, anovulace,
hypogonadismus, hyperestrogenismus

= =
m <
O =

doi:10.7759/cureus.7708




Molekularni analyza sliny
— Slina jako diagnostické medium — laboratorni biomarkery

= 5 : C o O B htips//aruacuk B 2 %
C @ o4 salimetrics.com, ) slytes-d B v @ %
L
= CONTACT: SALIMETRICS (USA) W
SALIMETRICS ® (800) 790-2258 | Q SEARCH 5 MY STUDY / QUOTE Search Q 5 Students and staff
RESOURCES ANALYTES & DNA PRODUCTS & SERVICES ~ HOW TO ORDER v ABOUT US ~ CONTACT ~

Student life International = emp Alumni and suppo

Home Science and Engineering Business and commercial = Biomarker Lab Biomarker Lab services and facilities

CHOOSING SALIVARY ANALYTES & DNA

. . egeg e
Blomarker Lob Biomarker Lab services and facilities
Why work with us In our Biomarker Lab in Gambridge, we use Salimetrics
reagents, anfibodies and kits.
T HOW TO CHOOSE THE RIGHT : :
1 i Salimetrics is widely regarded as a global leader in salivary
’ Client area o -
I._.\ \ SALIVARY BIOMARKER, ANALYTE OR bioscience, they lead the field in developing saliva collection Certified Sa[;vary
\ ? Privacy notice . .
-0 o=\ GENETIC MARKER ivacy noti methods and assay technology and are trusted around the world Bioscience Lab
{ _., \._.I | As the number of novel biomarkers being studied in saliva Get a quote o get retiable results
._., / Coptinuesitojincrease; chaosing 4 reliahleand fppact We routinely analyse the following biomarkers. although others W
\ . generating salivary biomarker, analyte, or genetic marker may be available. Please contact us to discuss.
~ can seem daunting. However, Salimetrics is here to help
) . . with sorlne basic advice to keep you going. If you need ‘ =+ Sq Iivq mquers
e SBB - Salivary DNA Genotyping something more in-depth, don't hesitate to request advice. e Testosterone

Description: T

We're always happy to assist

8ut d

o Aldosterone e Transferrin/ Blood Contamination
* Alpha-Amylase * Uric Acid
i SBB - Salivary Biomarkers of Inflammation .
nauipun‘ﬂ' reseachers routinely measure biomarkers such a5 cytokines (L6, IL-18, TNF-a) and C-reactive protein (CRP) in biood in order e Androstenedione e Estradiol
e C-Reactive Protein * Estriol
‘{1 SBB - Measuring Multiple Analytes e Cortisol e Estrone
o o « Cotinine ¢ L6
e IL-1B
‘7‘ SBB - Better Together - Salivary Testosterone & Cortisol * DHEA
Bt e S e DHEA-S ¢ Melatonin
e Secretory Immunoglobulin A (SIgA) * Progesterone

{  Measuring SlgA in Saliva
% e

Description

e 17a-OH-progesterone




Molekularni analyza sliny

— Slina jako diagnostické medium
— laboratorni biomarkery

oraldna.com

Follow OralDNA Labs on Social Media

HOME  ABOUT CONTACTUS  ADDITIONAL LINKS ~ ORALDNA.COM

TRENDS
IN SALIVARY TESTING

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 receive notifications of new

B Posted on 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
completion of an instructional program or segment and often used in conjunction with a

pretest to measure their achievement and the effectiveness of the program.” When an

OralDNA® provider performs a pretest MyPerioPath®, applies periodontal therapy, and then

perforins a posttest MyPerioPath®, a comparison report called MyPerioProgress® is generated.

This can be used to measure the effectiveness of t...

& Posted in

® Tagged

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

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/BCRAZ2 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® 2™ 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

https://www.ada.org/en/member-center/oral-health-topics/salivary-diagnostics

= =
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Molekularni analyza OM

— Oralni mikrobiom

— spolecenstvi az 1000 rdznych druhd mikroorganismu
—> bakterie, houby, viry, archea, prvoci
—> bakterialni prevaha

- ,,oralom*

—> souhrnné oznaceni pro dynamické interakce mezi

oralni mikrobiotou a hostitelem
(Napf. oralni mikrofléra je dulezita pro dozravani a vyvoj
vhodné oralni imunitni odpovédi—> imunitni systém hostitele
se musi branit pfed patogennimi mikroby, ale zaroven
harmonizovat a chranit komenzalni oralni mikroby)

https://doi.org/10.1016/j.csbj.2021.02.010

°

- -
# L

1|le

Maintains

a healthy

digestive
tract

Has
antioxidant
activity

Confers
resistance to
colonisation by
pathogens
Regulates
the
cardiovascular
system

Positive effects of
host-microbiome

symbiosis Supports

host defence
functions

Provides

e H
additional =

anti-inflammatory
properties

metabloic
potential

https://link.springer.com/article/10.1038/sj.bd;j.2016.865




Molekularni analyza OM

Supragingival eubiotic biofilm
Gingival crevice

Subgingival eubiotic biofilm

Homeostatic inflammation

— Oralni mikrobiom .

— dysbiéza - onemocnéni DU
< strava hostitele
< zanétlivé reakce
< systémova onemocnéni (DM 2, hyperglykémie) /
< navyky hostitele (koufeni, alkohol, chronicky stres) /

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 biofims
maintain a homeostatic balance
with the host. In disease (right),
caries and periodontitis ensue
when biofilms become dysbiotic,
resulting in increased levels and
duration of low pH challenge and
the induction of destructive
inflammatory responses,
respectively. EPS, extracellular
polymeric  substance;  GCF,
gingival crevicular fluid.

https://doi.org/10.1038/541579-018-0089-x

— zubni kaz - 1 pfijem sacharidu ve stravé - 1 produkce kyselin = | pH a pufraéni schopnosti slin
- 1 produkce ECM biofilmu - zakoncentrovani kyselin na povrchu skloviny - podpora ristu

acidurickych a acidogennich druhtl - dysbi6za

— parodontitida = dysbidza subgingivalnich mikrobialnich spoleCenstev (biofilmu) - vytvoreni a
udrzovani zanétu gingivy a parodontu = nepfiznivy vliv na IS hostitele - zabranéni subverzi IS a

obnové tkane
—> urcité druhy OM biofilmu - etiologické agens (bakterie Cerveného komplexu)

- Porphyromonas gingivalis, Tannerella forsythia, Treponema denticola = vykazuji schopnost fidit procesy
zapojené do patogeneze onemocnéni parodontu tim, Ze fidi restrukturalizaci mikrobioty a podporuji zanét

—> oralni virom muZe byt v patogenezi onemocnéni stejné vyznamny jako oralni bakteriom

https://doi.org/10.1111/prd.12393




Molekularni analyza OM

Supragingival eubiotic biofilm

Gingival crevice

Subgingival eubiotic biofilm

— OrélIni mikrobiom —F] o
— dysbioza -> mikroby DU mohou ovliviiovat imunitni / €
odpovéd a patogenezi nemoci i mimo DU ‘]
(rezervoar pathobiontu) / -
-> dutina ustni 2> vy§oké r,nl'ra v,asku!ariz’ace, vstupni / \/
misto dychaci a travici soustavy |

Periodontitis

Periodantal pocket,

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 biofims
maintain a homeostatic balance
with the host. In disease (right),
caries and periodontitis ensue
when biofilms become dysbiotic,
resulting in increased levels and
duration of low pH challenge and
the induction of destructive
inflammatory responses,
respectively. EPS, extracellular
polymeric  substance;  GCF,
gingival crevicular fluid.

https://doi.org/10.1038/541579-018-0089-x

— systémova onemocnéni - primarni mechanismy spojujici or. infekci se systémovymi patologiemi

—> Sifeni infekce z dutiny ustni v dusledku pfechodné bakteriémie
—> cirkulace mikrobialnich toxinu
- systémovy zanét zplsobeny nepfiznivymi imunologickymi reakcemi na oralni mikroby

— mikroby spojené s DU detekovany v mnoha vzdalenych organech (tenké stfevo, plice, srdce,

mozek, placenta) = kolonizace zavisi na zdrav.stavu dané tkané

— prokazana asociace mezi mikroby podilejicimi se na parodontitidé a chronickymi stavy

(kardiovaskularni onemocnéni, hypertenze, zanétliva onemocnéni)
—> subgingivalni biofilm - zdroj bakterii a prozanétlivych mediatord - cirkulace

https://doi.org/10.1111/prd.12393

MUNI
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Molekularni analyza OM
— Oralni mikrobiom — potencialni biomarker systémovych onemocneni

Alzheimer’s disease Periodontitis Individuals with periodontal disease,
- Spirochastes «  (Red complex) — Parphyromonas gingivalis, tooth loss, or oral bacterial infections
* Porphyromonas gingivalis Treponema denticola, Tannerella forsythia have an increased risk of developing

+ Archaeal methanogens

gastrointestinal cancers (P. gingivalis,
*  Proteobacteria

Fusobacterium nucleatum (F. nucleatum),

Caries and Prevotella intermedia
»  Streptococcus mutans, Lactobacillus
aterOSkleroza Cardiovascular disease *  non-mutans Streptococc

*  Poiphyromonas gingivalis.
Porphyromonas endodontalis
~ »  Prevotella intermedia,

Prevotella nigrescens K [ Diabetes
* Campylobacter rectus f‘-" = «  Aggregatibacter, Neisseria, Gemella

{ : ]] *  Porphyromonas, Filifactor,
Cystic fibirosi k “; —} Eubacterium
siic TIDrosis :

s Streptococcus oralis g Pancreatic cancer

. , . irhéza jater
{high or low, depending = Leptotrichia (low early, high later) c ,O a Jate . . L
on environmental i'!f \1 «  Porphyromonas gingivafis, the microbial source of liver cirrhosis is the

cholesterol

conditions) _ Aggregatibacter actinomycetemocomitans ~ translocation from the oral cavity to the gut.
«  Qther Streptococci (high early, low fater)

Porphyromonas gingivalis (P. gingivalis) and

Actinobacillus actinomycetemcomitans e e, m{gﬁ;ﬂ“Ejr;?p%?ﬂn%ﬂs‘:;;gwm i HIV
(A. gctmomyzet_er;(vc?cmltans) /st_assoaated With . | st SRORGIEDS PRI X R!;leuTatmd arthritis ,
an increased risk or pancreatic cancer | * \Veillonella, Atopobium, Prevotella,
(Herremans et al., 2022), while the Leptotrichia o | Leptoirichia, Lactobacillus salivanius, iz B
is associated with a reduced risk. Colorectal cancer Cryptobaterium curtum | )
¢ [Lactobacillus, Rothia *  Porphyromonas gingivahs, Haemophilus, % F
= Fusobacterium nucleaturm Neisseria

* Rothia mucilaginosa, Rothia dentocariosa,
Rothia astia

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  tps://doi.org/10.1111/prd. 12393
disease. https://doi.org/10.3390/microorganisms8020308
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Molekularni analyza OM

— Oralni mikrobiom

Table 1. Host Factors to Modulate the Oral Microbiome.

Factor

Reference

Genetics

Genetic polymorphism in miRNA202 is involved in hBD1 salivary level as well as caries experience [64]
Genes expressed in dental enamel development are associated with molar-incisor hypomineralization [65]
GLUT2 and TAS1R2 genotypes individually and in combination are associated with caries risk [66]

Host genetic control of the oral microbiome in health and disease [67]

Microbial abundance and some aspects of the microbial population structure are influenced by heritable
traits in saliva [68]

Immunity -

Immune cell network mediating immune surveillance at oral mucosa and gingiva [69,70]
The innate host response in caries and periodontitis [71]
Secretory immunity with special reference to the oral cavity [72]

Attachment -
surface

Surface properties influence oral biofilm formation [73]

Differences in relation to the microbial diversity of modified resins during the initial phase of biofilm
maturation [74]

Biomaterial-associated infection of implants and devices [46]

Diet

Vegan diet influences on the human salivary microbiota [75]
Short- and medium-chain fatty acids exhibit antimicrobial activity for oral microorganisms [76]

Cigarette -
smoking

Smoking decreases structural and functional resilience in the subgingival ecosystem [77]

Firmicutes were statistically elevated in smokers at the expense of Proteobacteria and Fusobacteria in
non-smokers [78]

Tobacco smoking affects the salivary gram-positive bacterial population [79]

Alcohol -

Alcohol affects to the oral microbiome composition [80-82]

Oral hygiene -

Toothbrushing frequency is related to the incidence and increment of dental caries [83]

Socioeconomic
status -

Socioeconomic factors, such as education and income, are associated with disparities in the prevalence and
severity of periodontal disease [84]

A strong association between cariogenic bacteria and socioeconomic status was found [85]

Differences in socioeconomic status were reflected in the bacterial profile of saliva [86]

https://doi.org/10.3390/microorganisms8020308
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Molekularni analyza OM

— Oralni mikrobiom — metody analyzy

— misto odbéru vzorku

- OM na rliznych mistech dutiny ustni (slina, jazyk, patro, bukalni sliznice, povrchy zub(, dasné, supra-
/subgingivalni plak, mandle, hrdlo) sice vykazuje celkovou podobnost, ale s rozdily - ekologické niky

—> obecny mikrobialni screening pro diagnostiku se provadi ze sliny nebo mistné specificky
z tekutiny dasfiového sulku nebo z dentalniho biofilmu

https://doi.org/10.1111/prd.12393




Molekularni analyza OM

e . , gPCR
— Oralni mikrobiom — metody analyzy > nejen gen pro 165 rRNA, ale také

, , o , jiné geny, umoznuje také kvantifikaci
— mikrobiologické kultivace
- 250 druhl izolovano a charakterizovano

- OM komplexni - nékteré druhy se dosud nepodafilo kultivovat

— sekvenovani z jedné buriky (single-cell sequencing NGS) Lg ik
-> plvodné vyvinuto pro uc¢ely imunitniho profilovani enomika
-> upraveno, aby umoznovalo hodnoceni jednotlivych mikrobialnich bunék
- 1 miru detekce nekultivovatelnych organismu

— sekvenace 16S rRNA

- sekvenace konzervovaného genu pro 16S rRNA (bakterie) nebo ITS (internal transcribed spacer) oblasti DNA (plisné)
- nejCastéjsSi sekvenacni metoda, levna
- pouze taxonomické udaje (omezena rozliSovaci schopnost fylogeneticky pfibuznych druhi/kmenu)

— celogenomové sekvenovani (WGS — whole genome shotgun sequencing)
- DNA je nahodné fragmentovana a pak podrobena Sangerovu sekvenovani nebo NGS
-> nastroj pro metagenomickou analyzu, paralelni hodnoceni vSech fiSi (bakterie, plisné, viry) v jednom vzorku
-> nejen taxonomické udaje, ale i biologické funkéni profily mikrobialni komunity
-> evolucni analyza specifickych organismuU spojenych s konkrétni chorobou nebo prostfedim

https://doi.org/10.1111/prd.12393




Molekularni analyza OM

— Oralni mikrobiom — metody analyzy

— transkriptomika - vymezeni exprese mikrobialnich a hostitelskych genud v kontextu oralniho
zdravi a patologie

— sekvenovani mRNA (metatranskriptomika)
- pomoci hahodnych hexamerovych primeru
- pfehled o zZivotaschopnych a transkripcné aktivnich mikrobech
-> paralelni hodnoceni mikrobialnich a hostitelskych transkriptoml - zkoumany za ucelem posouzeni
interaktomu

— metabolomika - metabolické a funkcni aktivity hostitele a jeho mikrobiomu - pohled na slozité

mezidruhoveé interakce
-> nizkomolekularni metabolity, proteiny
-> kapalinova/plynova chromatografie s hmotnostnim spektrometrem, NMR

-> parodontitida - charakteristicky posun ve sloZeni oralnich bakterii, ktery je z&asti zprostfedkovan bakterialnimi
metabolity > metabolomika - jak a pro€ k tomuto posunu dochazi
- muze nabidnout voditko pro kritické ¢asové body, ve kterych by mohly byt pfinosné terapeutické zasahy

https://doi.org/10.1111/prd.12393




Molekularni analyza OM
— Oralni mikrobiom — metody analyzy

— proteomika > profil vSech proteinl v organismu, tkani, burice nebo biologické tekutiné nebo

podslozce kterékoli z nich - pohled pfi zdravi/nemaoci
- proteiny ze vzorku = ne/jsou, mnozstvi, posttranslacni modifikace, izoformy, molekularni interakce
- 1-D/2-D gelova elektroforéza s hmot. spektrometrii, kapalinova chromatografie s hmotnostnim spektrometrem
- k charakterizaci zmén pfi gingivitidé, mirné, stfedné tézké a chronické parodontitidé

— vysoce rozlisovaci techniky + klinické udaje + longitudinalni studie = pochopeni interakci
mikrobioty od druhové urovné po molekularni uroven a jejich dusledku na zdravi hostitele
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(A) Marker gene sequencing techniques
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Schematics of standard techniques used in microbiome studies. (A) Marker gene sequencing techniques can use primers to target certain conserved regions of a genome to capture intermittent variable regions, which can then be used
to identify organisms in a sample rapidly and inexpensively. The 16S rRNA gene is the most commonly used marker gene in bacteria and archaea, and in the figure, primers are used to capture the V3 and V4 variable regions together, a
common approach for 16S sequencing. The internal transcribed spacer (ITS) region of the nuclear rRNA cistron in fungi is made of two segments, which can be captured with primers targeting the 18S, 5.8S, and 28S rRNA sections that
surround them. (B-D) Instead of targeting one small segment of the genome, these techniques capture the entirety of the genetic material from an organism. (B) Single virus genomics (SVG) uses a fluorescent stain to isolate individual
virus particles in a sample by fluorescence-activated virus sorting (FAVS), wherein they are embedded in an agarose bead before undergoing whole genome amplification and sequencing. (C) Whole metagenome shotgun sequencing
(WMS) involves the fragmentation of all DNA in a sample, sequencing of the fragments, and assembly of the sequences, which can then be mapped to reference genomes, or de novo assembly can be performed. (D)
Metatranscriptomics also involves a shotgun sequencing approach, but it is performed after mRNA extraction. The outputs then allow for differential gene expression analysis. (E) Metabolomics and metaproteomics allow for
quantification of the metabolites and proteins produced by the microbiome in a sample, respectively. Mass spectrometry is a common approach to quantification.

https://doi.org/10.3390/microorganisms8020308
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Molekularni analyza OM

— Oralni mikrobiom

—> klinicka uplatnéni
- predikce nachylnosti k onemocné&nim DU
—> mikrobialni screening na systémova onemocnéni

- v€asna diagndza onemocnéni (jesté pred vyskytem symptoma)

Disease

Microbial factor Host factor
16S rRNA seq. Genomics
Metagenome seq. Epigenomics
Transcriptome Transcriptomics
Proteome Proteomics
Metabolome Metabolomics

NI

Combined omics data analysis

-

Personalized medicine

- sledovani pribéhu onemocnéni a ucinnosti IéCby (posun mikrobioty z dysbidzy), cilena I1é¢ba

-> ucinny nastroj pro prevenci (viditelny dukaz pfistupu pacienta k péci o chrup)
- vyvoj novych terapeutickych pfistupu, personalizovana dentalni |éCba

-> vyzkum — snaha o uplnou charakterizaci ,zdravého® mikrobiomu

(Které komponenty mikrobiomu je nejvhodnéjsi sledovat, aby bylo mozné vyhodnotit navrat mikrobiomu ze stavu
dysbiézy do stavu kompatibilniho se zdravim? Staci sledovat pouze vybrané kliCové druhy nebo je nutné

pouzivat vicedruhové eseje?)

https://doi.org/10.3390/app 11094050




Molekularni analyza OM

— Oralni mikrobiom — metody analyzy

— testovaci v ordinaci (chair-side/point-of-care testovani):

Luciferin

&HE .

% ATP Oxyluciferin

umferylAdenylate Pyrophosphate
Complex

LUC|ferase Mg2*

https://www.creative-bioarray.com/support/atp-
cell-viability-assay.htm

nachylnost k zubnimu kazu — pfistroj CariScreen Susceptibility Testing Meter (Oral BioTech LLC)

- bakterialni aktivita S. mutans

—> po setfeni plaku ze zubni ploSky dojde ve specialni stéti€ce k bioluminiscencni reakci ATP, ktera je

zméfena pristrojem

parodontitida — BANA-Enzymatic test™ kit, Evalusite kit (imunoesej)

— laboratorni analyza
komercni testy - priklad

parodontitida — kit MyPerioPath® (OralDNA Lab)
- testuje ze sliny pfitomnost a mnozstvi 11 bakterii, které pfispivaji ke vzniku
parodontitidy (analyza metodou kvantitativni PCR v realném Case)

ELISA test = antigeny P. gingivalis

MYPERIOPATH
m Aggregatibacter actinomycetemcomitans
m Porphyromonas gingivalis
n Tannerella forsythia

m Treponema denticola

Moderate Risk Pathogens

B Eubacterium nodatum

m Fusok

u Prevotella intermedia

ium /periodontium

u Campylobacter rectus
D Peptostrep
Low Risk Pathogens

B3 cEikenelia corrodens

(Micr ) micros

E Capnocytophaga species
(gingavalis, ochracea, sputigena)

OrRaALDNA LABS(\

Innovations in Salivary Diagnostics




Molekularni analyza OM

Table 2. Examples of biomarker assay kits in the market.

Sandwich enzyme

Subgingival plaque Evalusite Aa, Pg, Pi immunoassay
(Colorimetric assays) Chaindide
. BANA-Enzymatic BANA hydrolysis reaction
Subgingtval plague test kit Pg. Td, Tf (Colorimetric assays)
Gums and plaque OMNé%/IeEel?gAL/ Characterization of DNA hvbridizati
i virus species of all FRRRHEakon
Sali OMNIgene ORAL/ genome type including Aa,
= OM-501, 505 Pg, Pt, Fn, Td, Ec
Microbiological Carpeasi® Peri
assay Subgingival plaque Diagnostik Aa, Pg, Tf, Td, Fn, Pi Real-time qPCR
. Company or
Oral rinse MyPerioPath® Aa, Pg, Tg’ . ’EEH(’?I_TH’ Pi, Cr, DNA hybridization research
i s laboratory
Microbiological
samples/subgingival iai Pado Test Aa, Pg, Pi, Td, Tf, Fa DNA hybridization
plaque
Subgingival plaque micro-IDent®plus11 Az, Fg, Pll’_::f' ET;d,Cl;m, B DNA hybridization
Cheek swab PerioPredict™ genes for IL-1 DNA hybridization
Genetic assay MyPeriolD® IL-6 or Genetic polymorphisms Comptyy
Oral rinse Y genes for IL-6 or IL-1 pofymorp laboratory
IL-1 detection

GCF: Gingival crevicular fluid, AST: Aspartate aminotransferase, aMMP: active Matrix metalloproteinase, Aa: Aggregatibacter actino-
mycetemcomitans, Pg: Porphyromonas gingivalis, Pi: Prevotella intermedia, Td: Treponema denticola, Tf: Tannerella forsythia, Fn:
Fusobacterium nucleatum, Ec: Eikenella corrodens, En: Eubacterium nodatum, Fn: Fusobacterium nucleatum/ periodonticum, Cr: Campy-

lobacter rectus, Pm: Peptostreptococcus (Micromonas) micros, Cs: Capnocytophaga species (gingivalis, ochracea, sputigena), Fa: Filifactor
alocis, IL: Interleukin, qPCR: quantitative polymerase chain reaction.

https://doi.org/10.3390/diagnostics 11060932
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Molekularni analyza OM

— Oralni mikrobiom

— databaze

6 m‘i@ expanded Human Oral Microbiome Database V3. 1
om! i A Microblom T Ri

|8

SHOMD has been Updated to version 3 1 (Update Detail)

GHOMD provides comprehensive curated information on bacteria in the human mouth and aerodigestive tract.

including the pharyny, nasal passages. sinuses and esophagus. There are 774 oral bacterial species. 58% are officially
named, 16% unnamed but cultivated and 26% are known only as uncultivated phylotypes. eHOMD taxonomy provides a
provisional naming scheme for the currently unnamed taxa, based on the 165 rRNA sequence phylogeny. sothat strain,

clone and probe data from any laboratory can be directly linked to a stably named reference scheme.

Click on the menu items above or the tabs below for more resources:

Taxonomy Genomic 165 rRNA RefSeq




Health
How the microbiome changes our idea
of what it means to be human

The microbes living on and in you can change your mood, your mind and your health -

challenging our ideas about hurmnan nature .
Regardless of birth route, the

researchers found that
approximately 58.5% of a baby’s

Ey Rowan Hooper

By 3 0ctober2023

@ = 9

f X in .
However, different maternal

microbial communities contributed to
different infant microbiomes.
Cesarean-born babies received fewer
microbes from their mother’s vaginal
and fecal microbiomes,
but—seemingly in compensation—
acquired more microbes from
breastmilk.

maternal microbiome explains almost
60% of the infant’s total microbiome,
but there’s still 40% that we don't
know about,

& Anew undarstanding of the microbiome suggest humans should think of themselves as metaorganisms

Sarn Fakaner

YOU may, quite reasonably, think you are an individual of the species Homao sapiens. Once
you have finizshed reading what fellows, you will hopefully have been convineed that thete iz
far noee o uz than that. Trilliens of other coganisms Live on (and, more netably, ) youe
body. As wou will see in the repoits that fellow, thelr mpact on you (s such that you will
probably never think about youiself in the sarne way agait. Your tniccobes change whe you

E R R

Until recently, scientists believed that there were three discrete parts of our nature that reflected solid aspects of an individual self: the immune system, the genome and
the brain. “None of these pillars of the traditional definitions of the self — immunity, genome integrity, the central nervous system — are free of microbial impact,”

microbiome is derived from its mother.

NEWYS RELEASE 8-MAR-2023

Whether born naturally or via cesarean
section, babies receive essential
microbes from their mothers

Peer-Reviewed Publication
CELL PRESS

Do cesarean-born babkies miss out on
essential microbes? New evidence
suggests that the answer may be "no.”
Researchers report March 8 in the journal
Cell Host & Microbe that mothers are able
to transfer microbes to their babies via
alternative, compensatory routes. While
cesarean-born babies do receive less of
their mother's gut microbiome during
kirth, they make up for this by drinking
their mother's microbes in breastmilk.

Most microbiome research has focused on
the gut, but we also house beneficial
microbial communities in other parts of
our bodies, such asin our respiratory
tracts and on our skin. This study helps
clarify how babies, who are generally
considered sterile before birth, get

IMAGE: THIS IS &N ILLUSTRATION OF A MOTHER
AMND INFAMT AND THE MICROBES THAT ARE
TRAMNSMITTED FROM MOTHER TO INFANT, wicwr
Ve *

essential microbes for their various microbiomes.

MUNI
MED




vertical transmission: microbes passing from one generation to the next
horizontal transmission: microbes passing between people in close
contact, including friends and family

7646 stool and 2,069 saliva samples from 20 countries on five continents

mother-infant pairs, members of shared households, twins, residents of villages, and large
populations.

MOTHER-CHILD RELATIONSHIPS

* mothers living with their kids aged 3 years or younger shared 34% of their gut bacteria
strains. This is higher than the percentage of strains shared between identical twins.

» By the age of 18, the percentage of shared strains drops to 19%. By the time we hit 30,
it's 15%.

+ mothers' influence identified on participants’ microbiomes in people aged 50-85.

A SHARED LIFE

« family members, friends, housemates, pets, and partners -people’s gut microbiomes more
closely matched those of the people they lived with than those of other people in the
same region.

» people living in the same village — but not the same home — had more shared microbes
than people living in the same part of the world but in different villages

MOUTH TO MOUTH

+ transmission of oral microbiom from mother to child was much less important. Rather,
everyone you live with plays a part.

» oral microbiom becomes more similar to your mother’s as you get older. The
researchers found that you share an average of 49 species in your first year, but an
average of 85 species at age 18.

+ couples tended to share more species than parents or siblings. This, they
hypothesize, might be due to, ahem, “intimacy.”

nature

Explore content v About the journal v Publish with us

nature > articles » article

Article | Open access | Published: 18 January 2023

The person-to-person transmission landscape of the
gut and oral microbiomes

Mireia Valles-Colomer E, Aitor Blanco-tiguez, Paolo hManghi, Francesco Asnicar, Leonard Dubois, Davide

Golzato, Federica Armanini, Fabio Curmbo, Kun D, Huang, Serena tanara, Giulia basetti, Federica Pinto, Elisa

Piperni, Michal Punéochaf, Liviana Riccl, Moreno Zolfo, Olivia Farrant, Adriana Goncalwves, hMarta Selma-Royo,

Ana G. Binett], limmy E. Becerra, Bei Han, John Lusingy, John Amuasi, ... Micola Segata®™  + Show authors

Mature 614, 125-135 (2023) | Cite this article

99k Accesses | B2 Citations | 1242 Altmetric | Metrics

Abstract

The human microbiome is an integral component of the human body and a co-determinant of
several health conditionsl2. However, the extent to which interpersonal relations shape the
individual genetic makeup ofthe microbiome and its transmission within and across
populations remains largely unknown32. Here, capitalizing on morethan 9,700 human
metagenomes and computational strain-level profiling, we detected extensive bacterial strain
sharing across individuals {more than 10 million instances) with distinct mother-to-infant,

intra-household and intra-population transmission patterns. Mother-to-infant gut




Case-control study for genetic association

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

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

Genetické asociacni
studie kandidatnich
genu

(case-control studies)
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Genetické asociacni studie

— Kandidatni geny

— Vybér vhodnych kandidatnich gent

- na zakladé znamé biologické, fyziologické anebo funkéni vyznamnosti ve vztahu k danému onemocnéni

-> hledani novych potencialnich genu (alel) v celém genomu (GWAS, QTL — lokusy kvantitativnich znaku)

— Vybér vhodnych kandidatnich genu pro studie zubniho kazu

—> geny, které se uc€astni vyvoje zubu a ovlivhuji tak jeho morfologii
—> geny, které souvisi s imunitni odpovédi

—> geny, které souvisi s produkci a slozenim sliny

-> geny, které souvisi s chutovymi preferencemi

50 Genetika v zubnim Iékafstvi, Jaro/2023 — Zubni Iékafstvi, Ustav patologické fyziologie LF MU

= =
m <
-

—
—
—




Genetické asociacni studie

— Kandidatni geny

— Vybér alel (polymorfismu)

- SNP (Single Nucleotide Polymorhism), CNV (Copy Number Variation), VNTR (Variable Number of
Tandem Repeat)

- na zakladé studii, které jiz byly provedeny v ramci jinych populaci

- alela ma v dané populaci dostate¢nou frekvenci
(vétSi soubor pripadd/kontrol - muzeme si dovolit studovat alely i s niz8i frekvenci v populaci)

- vazebna nerovnovaha mezi SNPs > tagSNP
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Genetické asociacni studie

— Metody genotypizace

— vybér vhodného metodického pfistupu
-> pocet polymorfismu, které budou stanovovany
- celkovy pocet vzorkd, které budou genotypizovany
- kvalita analyzované DNA (genomova DNA — krev, slina, bukalni stér)
- naklady na pfistroje, chemii a spotfebni material

- dostupnost komerc¢nich sluzeb pro genotypizaci
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Genetické asociacni studie

— Metody genotypizace

« PCR+RFLP (restriction fragment lenght polymorphism)
= polymorfizmus délky restrikénich fragmentt
- PCR s naslednym specifickym restrikénim Stépenim

SNP soucasti
. : M CC CT /T
palindromni sekvence bp
Hinfl
5...G'ANTC... 3
3'CTNAf e 5 400 <« 400
300 _ + 318
. . 200 —
l.Lalela=>5...GAGTC...3
Il.alela=>5...GAGCC..3 100 — “—
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Genetické asociacni studie

— Metody genotypizace

- aleloveé specificka PCR

- primer specificky pro SNP - jestlize je pfitomny dany SNP dojde
k amplifikaci = vznik detekovatelného produktu

E:tgtcgtacaaatatcagaaggtc Yas
<

E:tgtcgtacaaatatcagaaggtc Xas
<

SagaaaatgcttacccaggcaagectgtBtaaaacacca-308-tcactgecacligaaagcatgtttatagtcettecagecageaacgd’
3'tcttttacgaatgggtccegtteggaca@attttgtggt-308-agtgacggtg@ctttegtacaaatatcagaaggtegtegttgey’

Ls cttacccaggcaagcc_gg

Hs cttacccaggcaagccgg@
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Genetické asociacni studie

— Metody genotypizace

* real-time PCR

- komercCni sondy TagMan (Thermo Fisher Scientific) = fluorescencné
znacené hybridizaéni sondy

sonda nesouci nukleotid komplementarni k SNP sonda nesouci odliSny nukleotid

- @ 02
hybridizace s %c—/ - N T _/®
5 ¢ ¥ 5 G 3
| ’
@b
[ =
. _» - -
prodlouzeni = \ ; & .
B
D2
@ s}
uvolnéni @
barvy a - -
zhaseée . G 3 5 4 E )
rozstépeni sondy: signal oddéleni sondy: zadny signal
@P barval D2 bava2?2 @ zhaded DA Forward S apes

i
ppl .
polymerasa primer based-snp-genotyping

Fluorescence

heterozygot

3.000

VIC

1.500

0.000

0.00 6.00 12.00 18.00 24.00 30.00 36.00
Cyde

homozygot

0.00 4.00 8.00 12.00 1600 20.00 24.00 28.00 3200 36.00 40.00
Cycle




Genetické asociacni studie

— Metody genotypizace

- sekvenacéni analyza
- kompletni sekvence vybraného useku

heterozygot




Genetické asociacni studie

— Metody genotypizace

— Single Nucleotide Polymorphism
Detection with the IPLEX® Assay
and the MassARRAY® System




Genetické asociacni studie

Comparison of ds used for binding lectin gene (MBL2) genotyping.
ARMS ¥/Double Commercial
3 PCR and Restriction-
Allele ARMS ° Commercial INNO-LIPA MBL2
Fragment Length High-Resolution Melt Analysis Pyro- Sanger
-Specific PCR G TagMan MBL2 kit SNaPshot
Polymorphism 5 (HRMA) Sequencing Sequencing
(AS-PCR) Multiplex Allele Assay " (Reverse Assay
(PCR-RFLP)
Specific PCR) PCR-SSOP)
X hybridization of biotinylated PCR product with chemiluminiscence-based detection of _ _
principle of allele PCR with a primer PCR with primers llele-specifi lele-specifi of llele-specifi b - eotides dui . N detection of the sequence of an din llele-specific SBE by a single fluorescently
i uring Y- !
discrimination/detection specific for one allele  specific for both alleles cleavage of PCR amplicon fluorescently labelled probe hybridization of fluorescently labelled probe ‘ . N ' i X PCR with labelled labelled
oligonucleotide probes reaction
no, when real-tume PCR thermocycler
post-PCR analysis yes yes yes no ) yes no yes yes
is used
2h 1-1.5h
analysis time 2n? 2387 + 1286 . 34h 2-3h 67h 56h
1-3h 2-8 min, ¥
1
4 . 9 5 5
2 2 1 (when real-time PCR thermocycler 4 : " :
number of work steps (PCR, gel analysis, RFLP, gel . (PCR, gel analysis, denaturation, hybridization, 2 . B R (PCR, cleaning, reaction, (PCR. cleaning, SBE reaction,
(PCR, gel analysis) (PCR, gel analysis) (real-time PCR) is used for PCR and subsequent melting A (PCR, gel analysis, purification, pyrosequencing) A
analysis) y 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 s 1 4 2 1
haplogenotype
number of oligonucleotide primers + =
6 TagMan assays (12 primers + B . .
labelled primers/probes 24 primers 15 primers 6 primers 12 TagM big) 10 primers + 5 TagMan probes 4 primers primers + 4 biotinylated primers 2 primers 8 primers
2 TagMan probes
for complete MBL2 haplogenotype 1 . P
estimated cost of analysis of whole
1 1USD 1 USD 2USD 2USD 1USD product was discontinued 2USD 5UsSD 1.50 USD
haplogenotype
input amount
20-200 ng 20-200 ng 50-500 ng 1-20ng 10-20 ng 200-500 ng 10-100 ng 10-250 ng 10-100 ng
of template DNA
assay robustness low low low-medium medium-high high low-medium medium medium-high medium-high
real-time PCR thermocycler . vacuum prep workstation, pyrosequencing
special equipment requirement - - - real-time PCR thermocycler " 2 water bath with shaking platform, aspiration apparatus automated DNA sequencer automated DNA sequencer
or fluorescence scanning/detection system machine
SNP genotyping throughput low low low high high medium high high high
yes yes
s
¥ real-time PCR instruments with HRMA (Mutation Surveyor, GeneMarker, Minor Variant Finder yes
software for automatic allele calling no no no (SDS software, SNPman 3 no ne g 11
) ” compatible software with Sofiware, SeqScape™ Software, Variant Reporter™ ) (G G )
rogram
o genotype auto-calling function L
Rel. [41] [30.42] [43.44] [2711 [28] [29] [45] [37]
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Due to the proximity of the three single nucleotide polymorphisms (SNPs) in exon | only one analysis is needed to determine these SNPs 1% Mutation Surveyor® and GeneMarker® by SoftGenetics® (bitps://sofigenetics.com (accessed on 2 November 2020)). Minor Variant Finder Software, Sechapc“‘ Soﬁw“c and Variant chomf"‘ Software by Applied don2 2020 "
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Genetické asociacni studie

— Kandidatni geny asociovane s rizikem
vzniku zubniho kazu

— Proteiny zapojené do vyvoje skloviny

AMELX — gen pro amelogenin

ENAM — gen pro enamelin

TUFT1 — gen pro tuftelin

KLK4 — gen pro kallikrein 4

AMBN — gen pro ameloblastin

TFIP11 — gen pro protein interagujici s tuftelinem

MMPs (MMP20) — geny pro matrixové metaloproteinazy

| =

Secretory Maturation stage

Q00 " B "

Proximal/basal —
Ameloblast Blood vessel

Lateral —| [

sisoydody

g

Dsital/apical

@ Differentiation

The Journal of

Physiology

Enamel crystals

@ Mitochondria ~ © Secretory vesicles == Tight junction

&2 Golgi O Extracellular matrix

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 pm tall and ~5 pym 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 pm 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).
S| = 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. )
https://doi.org/10.1113/IP272775
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h TRPM5 Ma*, K* entry through TRPMS Na*, K* entry through TRPMS|

— Chutové receptory = asociace s preferenci ke sladké chuti = 1 prijem cukrl

on Depolarization Depolarization

https://doi.org/10.3390/5100403411

TAS2R38 — gen pro chutovy receptor (Taste receptor 2 member 38) — receptor sprazeny s G-proteinem, zodpovédny za
citlivost k horké chuti

TAS1R1/TAS1R3 — geny pro chutové receptory (Taste receptor 1 member 1/3) — receptory sprazené s G-proteinem,
zodpovédné za citlivost ke sladké chuti

— Glukozovy transportér = asociace s preferenci ke

INTESTINAL LUMEN C—h/ ENTEROCYTE SYSTEMIC CIRCULATION

sladké chuti = 1 pfijem cukrt S/ —%

®®® e —®®

(XY YY: f @
'YX )
GLUT2 — gen pro glukdzovy transportér 2 — potfebny pro glukézou ' g -

stimulovanou sekreci inzulinu (B-bunky pankreatu), fidi vnimani
glukdzy (nervovy systém) - kontrola pfijmu potravy, jeho exprese
nutna pro fyziologickou kontrolu genu citlivych na glukozu a jeji
inaktivace vede ke zhor§ené glukdzou stimulované sekreci -
inzulinu (jatra)
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Genetické asociacni studie

— Kandidatni geny asociované s rizikem
vzniku zubniho kazu

— Proteiny imunitni odpovédi

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

CLASSICAL PATHWAY | LECTIN PATHWAY | ALTERNATIVE PATHWAY

MBL /M-, L-, H-FICOLIN / CL11

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.

MBL2 — gen pro lektin vazajici mandzu (mannose-binding lectin) — rozpustny sérovy lektin rozpoznavajici specifické

sacharidy na povrSich bakterii = | aktivace komplementu

https://doi.org/10.1080/08927014.2020.1856821
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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 - gen pro beta defenzin 1 — antimikrobialni peptid z rodiny defenzinl (alfa, beta), ktera zahrnuje cyklické kationtové
peptidy bohaté na cystein. Jsou soucasti vrozené imunity, vytvari kanaly v cytoplasmatické membrané bakterii,
stimuluji imunitni systém v¢€. komplementu (klasicka cesta), pusobi jako chemoatraktanty.

LTF — gen pro laktoferin — transportni globularni glykoprotein, vaze volné Zelezo. Soucast vrozené imunity, antibakterialni
(pfi interakci s bakterialni membranami vznikaji peroxidy), antivirova (kompetice adheze virovych €astic na buriky
hostitele, vazba na €astice urcitych typl vira), antifungalni (proti C. albicans) aktivita, stimulace fagocytézy.

LYZL 2 — gen pro lysozymu podobny protein 2 (lysozyme-like protein 2) — soucasti rodiny lysozymu typu C.
Hydrolyzuje glykosidické vazby v peptidoglykanech (rozklada bunécnou sténu G+ bakterii). M U
M E
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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

CA6 — gen pro karbonickou anhydrazu VI — enzym gustin, katalyzuje hydrataci oxidu uhli¢itého za vzniku
hydrogenuhli¢itanového iontu a protonu, kontrola pH sliny (bikarbonatovy pufracni systém).

MUC7 — gen pro mucin 7 — nizkomolekularni glykoprotein (MG2), podili se na vzniku pelikuly a tim na bakterialni adhezi.
MUCSB — gen pro mucin 5B — glykoprotein, podili se na vzniku pelikuly a tim na bakterialni adhezi.

PRH1 — gen pro kysely PRP — protein bohaty na prolin (proline-rich protein), podili se na vzniku pelikuly a tim na
bakterialni adhezi. 1l
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— Uskali genetickych asociaénich studii ve vztahu k zubnl’-m-u kazu

pfilis mnoho faktort majicich ulohu v etiopatogenezi - pacienty (cases) nikdy nejde dokonale roztfidit do kategorii
- nelze vytvofit dokonale definovany soubor - maximalné definovany soubor dle moznosti

vétSina studii nepotvrdi asociaci pouze naznaci, ale malokdy potvrdi (nékteré studie davaji dokonce protichudné
vysledky) = dalSi studie, nezbytné k porozuméni pfedchozich nalezenych korelaci

DalSi asociacni studie s vice vzorky = studie jednotlivych polymorfismu (ale jejich efekt mize byt maly), ale i genu
a lokusu (gene-based a gene-cluster analyzy - dalSi posileni vysledku

meta-analyza — kombinace dat ziskanych vyCerpavajicim vyhledavanim publikovanych i nepublikovanych
svétovych dat - zvySovani konzistence vysledku (tim, Ze se zvySuje sila vysledku). Mnoho primarnich studii je
pfilis malych nato, aby mohly prokazat dalezity klinicky ucinek (nemaji dostateénou silu). Kombinaci v8ech studii,
které odpovidaji na stejnou klinickou otazku - zvyseni statisticke, klinické nebo vyznamové sily

podrobné dotazniky pro zhodnoceni vlivu psychologickych, sociologickych, ekonomickych a behavioralnich faktor(
- rozmélnéni souboru na pfilis velké mnozstvi skupinek o pfilis malém poctu pacientu
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Taste genes influence diet pattern -
caries susceptibility,
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Genes
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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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