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Variabilita v genu MTHFR a onemocneni

dutiny ustni

Obsah cvicCeni

— Enzym methylentetrahydrofolat reduktaza (MTHFR) — funkCni vyznam a jeho polymorfizmy

— Onemocnéni dutiny ustni asociované s variabilitou v genu pro MTHFR a vysledky naSich
studii

— Stanoveni polymorfizmu v genu pro MTHFR (navod k laboratornimu cviceni)

— Vyhodnoceni vysledku po laboratorni analyze
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Methylentetrahydrofolat reduktaza (MTHFR)

MTHFR (methylen- tetrahydrofolat reduktaza) — funkce ?%
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Methylentetrahydrofolat reduktaza (MTHFR)

MTHFR (methylen-tetrahydrofolat-reduktaza) — geneticka variabilita

— gen MTHFR a jednonukleotidovy polymorfizmus C677T a A1298C

polymorfizmus
C677T

o | MiMOMAGK

homozygot heterozygot homozygot
genotyp: CC CT 1T

l aktivita | laktivita
MTHFR MTHFR

fenotyp: 100% aktivita
MTHFR
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polymorfizmus
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homozygot heterozygot homozygot

genotyp: AA AC CC

fenotyp: 100% aktivita  laktivita | laktivita
MTHFR MTHFR MTHFR
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Methylentetrahydrofolat reduktaza (MTHFR)

MTHFR (methylen-tetrahydrofolat-reduktaza) — polymorfizmy C677T a A1298C vyznam

— geneticky podminéna snizena aktivita enzymu MTHFR f"
— zpomalena metylace homocysteinu na methionin *Q [PV

— akumulace homocysteinu v plazmé
- riziko vrozenych vyvojovych vad,

kardiovaskularnich poruch

e zvySenad prevalence tromboembolickych poruch u nositel(
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o

* uhomozygotnich nositelek variantnich alel zvysené riziko spontannich abortu

e zvysSena toxicita cytostatika CMF (cyklofosfamid, MTX, 5-FU)

Dolezalkova et al., 2014

Shere et al., 2015 IVI U
E

Védecka priprava pro ZL — cviCeni Wang et al., 2019 I\/l

N1
D



6

Zubni kaz a gingivitida

Etiopatogeneze

— I homocystein ve slinach = oxidativni marker

—> zanét sliznice v dutiné ustni

—> kariézni proces

— 2xdenné 5 mg/ 5 ml folatu obsazeného v Ustni vodé

po dobu 14 dni = { rozvoj gingivitidy

Védecka pfiprava pro ZL — cviceni

Pack 1984
Cope et al., 2011

Kumar et al., 2011
Borilova Linhartova et al., 2018

“, Association of methylenetetrahydrofolate reductase (MTHFR) gene variants
z with dental caries and gingivitis in Czech children

Petra Borilova Linhartova', Jana Mrazkova®, David Novak, Martina Kukletova®, Lubomir Kukla?, Lydie lzakovicova Holla 23
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iResearch Centre for Toxic Compounds in the Environment (RECETOX), Chemistry Section, Faculty of Science, Masaryk University, Brmo, Czech Republic

Background

kg
* In the etiopathogenesis of dental caries and gingivitis, oral bacteria

Methods
* This case-control study included 591 children aged

23-15 years from the European Longitudinal Study of

(cariogenic or periodontal), host immune system and genetic predisposition
of Pregnancy and Childhood (ELSPAC).

playarole.

in genes linked with the folate metabolic pathway,

methylenetetrahydrofolate reductase (MTHFR), methionine synthase (MTR)

and methionine synthase reductase (MTRR).
Aim

status.
P<o.01 P<0.001
57,8% 58,4%
45,5%, 40,2%
DMFT=0 DMFT>0 DMFT=0 DMFT:

AC+CC m AAMTHFR A1298C healthy gingiva ® gingivitis

Resuits

* Children with dental caries (N=446 with
DMFT>0) more often suffered from
gingivitis than caries free children
(controls, N=145 with DMFT=0), thus
gingivitis was associated with dental
caries (P<0.001).

There were no significant differences in
the allele or genotype frequencies in both
MTR and MTRR SNPs between patients

Susceptibility to inflammation may be modified by functional polymorphisms
such as

* The aim of our study was to analyze four single nucleotide polymorphisms
(SNPs) in the genes for these enzymes in Czech children with known oral

Oral status was recorded using DMFT (decay-
missing-filled teeth) index

and gingival index,

the presence of 10 selected oral pathogenic bacteria
was analysed,

and MTHFR C677T (rs1801133), MTHFR A1208C
(rs1801131), MTR A2756G (rs1805087) and MTRR
A66G ) SNPs ined by gPCR.

P<0.001

Aggregatibacter
actinomycetemcomitans
Porphyromonas gingivalis
Tanarella forsythia
Treponema denticola
Prevotella intermedia
Parvimonas micra 65,3%
Fusobacterium nucleatum
Streptococcus mutans 397%
Lactobacillus sp.

Actinomyces sp. NON-PRESENCE ~ PRESENCE
OF P.I OF P

CT+TT W CCMTHFR C677T

Discussion
+ Folate metabolism is an intricate process
that depends on a series of enzymatic
reactions involving numerous genes and
athways  that  produce active
tetrahydrofolate (THF) derivatives.

SAM

)
b -
]

Homo

and controls.
genap e * It seems that children with common variants in s-metny- teranycrotoiats
protective factor for dental caries THER | tetrahydrofolate
etilinment fozant) MTHFR gene, and thus normal ability to utilize
> folic acid, are protected against dental caries 5,10-Mettytoria
: tetranydrofolate

and MTHFR 677 CC genotype vs. CT+TT 2 7
genotypes was associated with non- Sod oot
presence of Prevotella intermedia
(P<0.001), an important periodontal

bacteria.
42,4%

MTR A2756G MTRR A66G MTHFR 6777
DMFT=0 ®DMFT>0

37,6%

3.4%
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homocysteine
MTRR  AG6G allele and genotype

+ MTR A2756G, MTRR A66G, and MTHFR
C677T polymorphisms may be related to
1 NSCLIP, and interactions were detected
between these SNPs.*
Significant differences were observed for

frequency distributions between caries-
303% free and caries-affected children aged

from 2 to 6 years.”
Dietary intake of folic acid is an important

MEHER 12988 indicator of gingival bleeding in adults.*

27,6%
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Recidivujici aftozni stomatitida

Etiopatogeneze

VNITRNI FAKTORY

SYSTEMOVE
CHOROBY

REAKCE NA
OXIDACNI
STRES

ENDOKRINN{
ZMENY

METABOLIZMUS
MEKKYCH TKANI

METABOLIZMUS
VITAMINU
A MINERALU

Védecka pfiprava pro ZL — cvi€eni

VNEJSI FAKTORY

DEFICIT
VITAMINU
A MINERALU

ZIVOTNI
PROSTREDI

Bofilova Linhartova et al., 2017
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https://www.prolekare.cz/casopisy/ceska-stomatologie/2017-2/vrozena-nachylnost-k-recidivujici-aftozni-stomatitide-prehledovy-clanek-61010
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Recidivujici aftozni stomatitida
Terapie
— symptomaticka terapie, podptirna terapie — Skachova kura
kyselina listova, pyridoxin
— kyselina listova je pouze prekurzorem biologicky aktivni latky — folatu oznaceného
jako vitamin Bg
— glukosaminova sul 5-methylfolatu (4. generace) - oproti 3. generaci je dlouhodobé

stabilni, ma vysokou rozpustnost ve vode, lepsi biologickou dostupnost a bezpecCnost

::Ouctre'ol:c

° .
Active Folic
30w
Vyzivovy doplnok s obsahom
aktivnej formy kyseliny listovej
sahem

Doplnék stravy s ob:
aktivni formy kyseliny listové

EEEEEEEE
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Recidivujici aftozni stomatitida

Design pilotni klinické experimentalni studie

— 10 pacientt — genotypizovani na haplogenotypy v genu MTHFR (IM a PM)

— farmakoterapie v upraveném designu dvojité zaslepené zkfizené studie (cross-over
design) probihala od jara 2018 v délce trvani 3 mésicu

— pacientum byl ve tfifazovém schématu podavan aktivni folat (glukosaminova sul 5-

methylfolatu), vitaminy B, a D,

|. faze kontrolni |l. faze terapeuticka Ill. faze sledovaci

(28 dni) (28 dni) (28 dni)

(28x placebo) ( 28x Bg + Bg ) C28x placebo>

( 1xD; )
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Recidivujici aftozni stomatitida

Pilotni klinicka experimentalni studie

CESKA STOMATOLOGIE A PRAKTICKE ZUBNI LEKARSTVI 1/2019
4 | pOvODNI PRACE

FARMAKOTERAPIE RECIDIVUJiCi AFTOZNI
STOMATITIDY U PACIENTU S GENETICKY PODMINENOU

SNP

A1298C MTHFR (rs1801131)

MAF (C)=34 %

SNIZENOU SCHOPNOSTI METABOLIZOVAT KYSELINU
LISTOVOU - PILOTNI STUDIE

Piivodni priace - experimentalni klinicka studie

PHARMACOTHERAPY OF RECURRENT APHTHOUS
STOMATITIS IN PATIENTS WITH GENETICALLY
IMPAIRED ABILITY TO METABOLIZE FOLIC ACID

genotyp AA AC CcC
funkce enzymu MTHFR 100 % 80-100 % 60 %
frekvence v EUR populaci 43 % 45 % 12 %
C677T MTHFR (rs1801133) CC -/-- -/+- --/++
MAF (T)=31 % 100 % 100% 80% 60%
46 % EM EM IM
Te
CT +-/— +-/+- +-/4++
65 % 65% 50% 30%
44 % IM IM PM
i t 4
TT ++/-- ++/+- ‘E ++/++
20 %-30 % <30% <30% <10%
10 % PM PM PM

t 4

-PILOT STUDY

Original article - experimental clinical study

Bofilova Linhartova P. > Fassmann A.» Linhartova 1.1 %
Izakovi¢ova Holla L.%2

haplogenotyp

funkece enzymu MTHFR
predpokladany fenotyp
osoby s RAS v nasi studii

10 Veédecka pfiprava pro ZL — cviCeni
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Recidivujici aftozni stomatitida

Pilotni klinicka experimentalni studie

Sérova koncentrace 25-OH Dy [nrm]l_l] Pocet dnli s vysevem aft béhem terapie
220 - . . ; y 28
200 | P<0,01 . | 26}
Podani w 24 |
180 | vitaminu D3 P<0.,01 ]
22 ¢
160 t 120}
140 ¢ 1187 10 RAS
120 | | 167 pacient |
14 } —&— pacient 2
100 ¢ 1 —— pacient 3
12 ¢ .
—a— pacient 4
80 1 10¢ —e— pacient 5
I -=— pacient 6
60 8 —+— pacient 7
40 | 6r —— pac?ent 8
4l —+ pacient 9
20+ —#— pacient 10
27 -8 median
0 0
i |. faze . faze ll. faze 6
Prefaze kontrolni terapeuticka sledovaci
(28 dni) (28 dni) (28 dni)
28x ( 28x ) 28x Borilova Linhartova et al., 2019
placebo By + Bg placebo I\/I U I\I I
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Stanoveni polymorfizmu v MTHFR

Navod k laboratornimu cviceni

izolace DNA kontrola kvality
_ a kvantity DNA
ziskani 5 4.
biologického
materialu

A

12 Védecka pfiprava pro ZL — cviCeni

PCR a pfiprava reakéni I
vyhodnoceni smési pro PCR \



Izolace DNA z bukalnich stéru

Navod k laboratornimu cviceni

Odbeér vzorku z bukalni sliznice - rotace kartaCkem 1-2 minuty - lyzacCni roztok

13 Védecka pfiprava pro ZL
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Izolace DNA z bukalnich stéru

Navod k laboratornimu cviceni

Izolace DNA pomoci silikatovych kolonek

1)

2)
3)
4)
S)

rozruseni plazmatickych a jadernych membran 0™y Ny
Ny v ¢ o9
—> proteinaza K, chaotropni Cinidlo, detergent s si S S
srazeni DNA etanolem MM
vazba DNA na silikatovou kolonku ol A
. S s s
promyti

eluce Cisté DNA z kolonky
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Izolace DNA z bukalnich stéru

Navod k laboratornimu cviceni

Zhodnoceni kvality izolované DNA pomoci spektrofotometrie (NanoDrop)

—>meéreni absorbance, nukleové kyseliny maji max. absorbance pfi 260 nm

a) Koncentrace v ng/ul
b) Cistota:
pomér absorbance 260/280
< 1,8 kontaminace bilkovinami (aromaticke)
pomér absorbance 260/230

< 2 kontaminace organickymi Cinidly

15 Védecka pfiprava pro ZL — cviCeni
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PCR — priprava reakCcni smesi

Navod k laboratornimu cviceni

MasterMix obsahuje:
pufr

nukleotidy (adenin, tymin, guanin, cytosin)

chlorid horeCnaty/ siran horeCnaty

DNA-dependentni DNA polymerazu

reakcni smés = MasterMix +
TagMan sonda obsahuje: TagMan sonda + templatova DNA

forward a reverse primer

oligonukleotid znacCeny fluoroforem VIC a oligonukleotid znaceny fluoroforem FAM

Il

16 Védecka pfiprava pro ZL — cviCeni I\/l
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gPCR

Navod k laboratornimu cviceni

denaturace amplifikace extenze

A L
. T

95°C | 95°C

10 min 30s

teplota

30s

1X ! A0x 1x

17 Védecka pfiprava pro ZL — cvieni

DNA polymeraza

primer

@

Fluorescence

Amplification

Threshold

No amplification

| = ——

fluorofor

Copies per reaction (Ct)
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Vyhodnoceni vysledki - -

4.500
4.000 7/
3.500 /

Navod k laboratornimu cviceni

3.000 ’

Fluorescence
~

2.500 /
2.000 /
1.500 /
1.000 /

0.500 /

0.000
\ 4.00 8.00 12.00 16.00 20.00 24.00 28.00 32.00 36.00 40.00 44.00
Cycle

N\
\\\\\\\\\\\\ . -

2.800

6.00

5.0

4.00

2,400

2 2.000

Fluorescence

1.600
1.200
0.800

0.400

S S
<> \\\\\\\\\\\\\\ 0.000

. oo 400 800 1200 1600 2000 2400 2800 3200 3600 4000 4400
o e Cydle

4.000
3.600
000 030 080 050 120 150 180 210 240 270 3.00 3.30 3.60 3.90 420 2200
2.800
2.400

2.000

Fluorescence

1.600
1.200
0.800
0.400

0.000
4.00 8.00 12.00 16.00 20.00 24.00 28.00 32.00 36.00 40.00 44.00
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Zaver — protokol

Navod k laboratornimu cviceni

Vysetreni na pritomnost polymorfizma C677T a A1289C genu MTHFR

Metoda: TagMan PCR

Koéd vzorku:

Vstupni material:

Cistota DNA . . . .
Koncentrace DNA: (260/280): Tabulka 1: Jednotlivé haplogenotypy vzniklé kombinaci genotypt obou SNPs
Cistota DNA
(260/230): NP A1298T A1298T A1298T
Genotyp: genotyp AA genotyp AC genotyp CC
C677T: A1289C: Ce77T CCAA CCAC CCCC
genotyp CC | 100% aktivita MTHFR 80% 60%
Haplogenotyp (C677T/A1289C): >
Ce77T CTAA CTAC CTCC
Fenotyp: genotyp CT 65% 50% 30%
Ce77T TTAA TTAC TTCC
genotyp TT <30% <30% <10% aktivita MTHFR

Doporuceni:

=
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Podekovani
— Podporeno z projektu MUNI/FR/1406/2019 Védecka priprava pro Zubni lékarstvi.

— Autorky dékuji za konzultaci prof. MUDr. Lydii lzakovi€ové Hollé, Ph.D.

ze Stomatologickeé kliniky, Lékarské fakulty, Masarykovy univerzity Brno.
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Recenzovall:

— RNDr. Maria Hovorakova, Ph.D.

Ustav histologie a embryologie. 1. Lékafska fakulta, Univerzita Karlova Praha

— doc. MUDr. Jakub Suchanek, Ph.D.

Stomatologicka klinika, Lékarska fakulta v Hradci Kralové, Univerzita Karlova
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