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̶ Enzyme methylentetrahydrofolate reductase (MTHFR) – functional effect and its

polymorhisms

̶ Oral diseases associated with the variability in gene for MTHFR and our studies results

̶ Analysis of polymorphisms in the gene for MTHFR (laboratory practice)

̶ Evaluation of results

Variability in the MTHFR gene and oral 
diseases
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Content of the practical course



MTHFR

Function

Methylentetrahydrofolate reductase (MTHFR)
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folates

dihydrofolate

tetrahydrofolate

5-methyltetrahydrofolatehomocysteine

methionine

Födinger et al., 2000



̶ gene MTHFR and single nucleotide polymorphisms C677T a A1298C

Genetic variability

Methylentetrahydrofolate reductase (MTHFR)
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Weisberg et al., 1998



̶ genetically determined reduction of MTHFR enzymatic activity

→ reduced methylation of homocysteine to methionine

→ accumulation of homocysteine in plasma 

→ risk of congenital malformations,    

cardiovascular disorders

o Increased in prevalence of thromboembolic disorders and in risk of

spontaneous abortion in homozygous mothers with mutant alleles

o increased toxicity of cytostatic CMFs (cyclofosfamid, MTX, 5-FU)

Function of polymorphisms C677T and A1298C

Methylentetrahydrofolate reductase (MTHFR)
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Doležálková et al., 2014
Shere et al., 2015
Wang et al., 2019



Etiopathogenesis

Tooth caries and gingivitis
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̶ ↑ homocysteine in saliva = oxidative marker

→ oral mucosa inflammation

→ cariogenic proces 

̶ 2x daily 1 mg/ 1 mL of folate in mouthwash for 14 

days = ↓gingivitis symptoms

Pack 1984
Cope et al., 2011
Kumar et al., 2011
Bořilová Linhartová et al., 2018



Etiopathogenesis

Recurrent aphthous stomatitis
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Bořilová Linhartová et al., 2017

https://www.prolekare.cz/casopisy/ceska-stomatologie/2017-2/vrozena-nachylnost-k-recidivujici-aftozni-stomatitide-prehledovy-clanek-61010


̶ symptomatic therapy, supportive therapy – Škach‘s vitamin treatment 

folic acid, pyridoxine, B12

̶ folic acid is only a precursor of the biologically active substance – vitamin B9 (a 

particular folate)

̶ glucosamine salt of 5-methylfolate (4th generation) – compared to the 3rd generation, it 

is stable for a long time, highly water-soluble, with better bioavailability and safety

Therapy

Recurrent aphthous stomatitis
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Design of a pilot clinical experimental study

Recurrent aphthous stomatitis
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̶ 10 patients – genotype analysis for haplogenotypes in the MTHFR gene (IM and PM)

̶ pharmacotherapy in a modified design of a double-blind cross-over study (cross-over 

design) took place from the spring 2018 for of 3 months

̶ patients received active folate (glucosamine salt of 5-methylfolate), vitamins B6 and 

D3 in a three-phase schedule

28x placebo

1x D3

28x B9 + B6

I. control phase

(28 days)
II. therapeutical

phase (28 days)

III. monitoring phase

(28 days)

28x placebo



Pilot clinical experimental study

Recurrent aphthous stomatitis
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Bořilová Linhartová et al., 2019

genotype

MTHFR enzymatic function

frequency in EUR population

haplogenotype

MTHFR enzymatic function

presumed phenotype

individuals with RAS in our study

https://www.prolekare.cz/casopisy/ceska-stomatologie/2019-1-14/farmakoterapie-recidivujici-aftozni-stomatitidy-u-pacientu-s-geneticky-podminenou-snizenou-schopnosti-metabolizovat-kyselinu-listovou-pilotni-studie-109588


Recurrent aphthous stomatitis

10 RAS
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28x 

placebo

28x 
B9 + B6

I. control

phase

(28 day)

II. therapeutical

phase

(28 days)

III. monitoring

phase

(28 day)

28x 

placebo

III.I. II.
II.II.II.

Prephase

Pilot clinical experimental study
concentration of 25-OH D3 [nmolL-1] in serum number of days with sowing of aphthae

vitamin D3

submission

P<0.01

P<0.01

P<0.01

P=0.01 P=0.08

P=0.05



Manual for laboratory practice

Analysis of polymorphisms in gene MTHFR
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sample 

collection

DNA 

izolation
quality and 

quantity control

PCR mix 

preparation

PCR and 

evaluation

1. 2. 3.

4.5.



Manual for laboratory practice

DNA isolation from buccal swabs
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Sampling of the buccal mucosa→ brush rotation 1-2 minutes→ lytic solution

1 2 3



Manual for laboratory practice

DNA isolation from buccal swabs
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DNA isolation using silicate columns →

disruption of plasma and nuclear membranes →

proteinase K, chaotropic agent, detergent

1) ethanol precipitation

2) DNA binding to the silicate column

3) washing

4) elution of pure DNA from the column



Manual for laboratory practice

DNA isolation from buccal swabs
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Evaluation of isolated DNA quality by spectrophotometry (NanoDrop)

→ absorbance measurement, nucleic acids have a maximum absorbance at 260 nm

a) concentration in ng / µL

b) purity:

absorbance ratio 260/280

<1.8 protein contamination by proteins (aromatic)

absorbance ratio 260/230

<2 contamination by organic agents



Manual for laboratory practice

PCR – reaction mix preparation
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MasterMix contains:

buffer

nucleotides (adenine, thymine, guanine, cytosine)

magnesium chloride / magnesium sulphate

DNA-dependent DNA polymerase

TaqMan assay contains:

forward and reverse primers

VIC fluorophore-labeled oligonucleotide and FAM fluorophore-labeled oligonucleotide

reaction mix = MasterMix + 
TaqMan assay + template DNA



Manual for laboratory practice

qPCR
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quencher
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primer

DNA polymerase

95°C 95°C

60°C

72°C

10 min 30 s

30 s

5 min

40x 1x1x
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Manual for laboratory practice

Evaluation of the results
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Manual for laboratory practice

Protocol
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SNP 
A1298T 

genotype AA 

A1298T 

genotype AC 

A1298T 

genotype CC 

C677T 

genotype CC 

CCAA 

100% MTHFR activity 

CCAC 

80% 

CCCC 

60% 

C677T 

genotype CT 

CTAA 

65% 

CTAC 

50% 

CTCC 

30% 

C677T 

genotype TT 

TTAA 

<30% 

TTAC 

<30% 

TTCC 

<10% MTHFR activity 
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