MUN I

Research Activities
In Dentistry
— Practical Course

Mgr. Tereza Deissova
Assoc. Prof. RNDr. Petra Bofrilova Linhartova, Ph.D., MBA

Masaryk university

Zerotinovo nam. 617/9, 601 77 Bmo, Czech Republic
T: +420 549 49 1111, E: info@muni.cz, W: www.muni.cz



2/19

Research Activities in Dentistry — Practical Course

Specializations: Dentistry (Faculty of Medicine, M-ZL)

Aims: The students will acquire practical experience in molecular-biological analyses that are
routinely used in the field of dentistry, both in research and in the diagnosis of patients with
diseases of (not only) the oral cavity.

The tasks: Students will learn how to take samples from the oral mucosa with the subsequent
DNA isolation and real-time PCR. Students will learn how to determine two single-nucleotide
polymorphisms in the gene for methylenetetrahydrofolate reductase (MTHFR), an enzyme
playing an important role in the metabolism of the folic acid. The students will learn to predict
the phenotype (i.e., the ability to metabolize the folic acid) after determining the MTHFR
haplogenotype. If they analyse their own samples of buccal swabs, this information can be
useful for them in preventing some diseases. Students preferring to analyze other than their
own samples will be given the opportunity to perform the isolation on anonymous samples that
are intended for research purposes.
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1. Theoretical background
Folates and methylenetetrahydrofolate reductase

Folate is a general term used to describe various chemical forms of water-soluble vitamin
B9 and its derivatives. In some foods, such as citruses, legumes, liver, yeasts, or leaf
vegetables, folates naturally occur in the form of so-called pteroylpolyglutamates. These are
hydrolyzed in the intestine to pteroylmonoglutamates that cross the intestinal wall into the
bloodstream and subsequently converted to tetrahydrofolate. The food supplements and foods
artificially supplemented with folates usually contain the pteoryl-monoglutamic acid, widely
known as folic acid. Folic acid must be first metabolized to dihydrofolate using the hepatic
enzyme dihydrofolate reductase and subsequently to tetrahydrofolate. Tetrahydrofolate
methylation then leads to the production of 5,10-methylenetetrahydrofolate, which is involved in
the methionine cycle.»? Reduction of 5,10-methylenetetrahydrofolate by the key enzyme.
Methylenetetrahydrofolate reductase (MTHFR) produces the active form of folate, 5-
methyltetrahydrofolate, serving as a donor of the methyl group in the subsequent reaction
resulting in homocysteine remethylation and formation of an essential amino acid methionine,?
see Fig. 1.
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Fig. 1: A simplified scheme of metabolization of natural and synthetic folates (created using
the software BioRender.com)- the picture continues on the next page
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Fig. 1: A simplified scheme of metabolization of natural and synthetic folates (created using
the software BioRender.com)

Unlike plants and bacteria, humans do not synthesize vitamin B9 in their body. So they
get vitamin B9 as folate from natural foods or as folic acid. For adults, the recommended amount
is 400 ug of folate equivalents per day; this recommendation is increased for pregnant women
(600 ug/day). The typical diet in the most European countries is, however, deficient in folates.
Moreover, their absorption is influenced by many factors. First of all, the folate form is of utmost
importance (synthetic folates are taken in more easily than natural ones), other factors include
long-term use of certain drugs and alcohol consumption. Folates are also heat-sensitive and
susceptible to photodegradation. Besides, some individuals have problems with folate
metabolization.*®

Variability in the methylenetetrahydrofolate reductase gene

Two single-nucleotide polymorphisms C677T and A1289C can be found in the gene
encoding the MTHFR enzyme. Both reduce the enzymatic activity of MTHFR, thus negatively
affecting homocysteine metabolization.® The term single-nucleotide polymorphism (SNP)
describes the substitution of one nucleotide in the DNA molecule. In these particular cases,
cytosine (original allele) is replaced with thymine (mutant allele) at the 677 position of the
MTHFR gene (C677T polymorphism) and substitution of adenine (original allele) for cytosine
(mutant allele) at the 1298 position of the MTHFR gene (A1298C). The mutant allele can be
either formed ,de novo“ or can be inherited from the parents. As both these SNPs are present
in the so-called “coding region” of the DNA, the mutations can affect the resulting product of
gene transcription, i.e., the MTHFR enzyme.

In a diploid cell, every gene is expressed by two alleles constituting a genotype. Carriers
of identical alleles are called homozygotes, carriers of different alleles heterozygotes. In CC
homozygotes (in the case of C677T polymorphisms) and AA homozygotes (in the case of
A1298C), the enzymatic activity of MTHFR is normal. In the case of heterozygotes (i.e., those
who have one mutant allele, the enzymatic activity of MTHFR is reduced. In homozygotes with
both alleles mutant, i.e., the TT (in C677T) or CC (A1298C) genotype, respectively, the
enzymatic activity of MTHFR is reduced by up to 70 %, see Fig. 2. Moreover, the effect of both
polymorphisms on the resulting phenotype is additive; this means that in individuals with the
combination of TT (C677T) and CC (A1298C) genotypes, i.e., TTCC, haplogenotype, the
MTHFR enzymatic activity is the lowest, see Table 1.
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polymorphism
Cce77T

homozygote heterozygote homozygote

genotype: CC cT TT
phenotype:100% lower lowest
MTHFR MTHFR MTHFR
activity activity activity

polymorphism
A1298C

homozygote heterozygote homozygote

genotype: AA AC cC
phenotype:100% lower lowest
MTHFR MTHFR MTHFR
activity activity activity

Fig. 2: Polymorphisms in the gene for methylenetetrahydrofolate reductase (MTHFR C677T,;
A1298C) and their effect on the MTHFR enzymatic activity (created using the software
BioRender.com)

Research Activities in Dentistry — Practical course



7/19

Table 1: Individual haplogenotypes arising from the combinations of both SNPs

SNP A1298T A1298T A1298T
genotype AA genotype AC genotype CC
Ce77T CCAA CCAC CCcCC
genotype CC | 100% MTHFR activity 80% 60%
Ce77T CTAA CTAC CTCC
genotype CT 65% 50% 30%
Ce77T TTAA TTAC TTCC
genotype TT <30% <30% <10% MTHFR activity

Diseases associated with the lack of vitamin B9 and MTHFR enzymopathy

The insufficient folate intake, potentially combined with the reduced MTHFR enzymatic
activity, manifests predominantly at the level of rapidly proliferating cells (lymphocytes,
erythrocytes), most commonly as megaloblastic anemia, but it can also be associated with the
development of hyperhomocysteinemia and DNA synthesis disorders. All these symptoms are
risk factors for cardio- and cerebrovascular diseases and for neural tube defects during prenatal
development.>’

Congenital developmental disorders and hormonal contraceptives

In folate deficiency, the risk of congenital developmental disorders (among others cleft
defects), pregnancy abortion, or placental abruption is increased. The lack of folic acid can also
reduce fertility and it is, therefore, recommended to increase the intake of folates before planned
conception. This is particularly important in women with one-sided diet, smokers, and women
using oral hormonal contraceptives, whose folic acid levels are significantly reduced. When
discontinuing hormonal contraceptives, it takes up to approx. three months to replenish the
folate levels to the original concentrations.?*

Cardiovascular diseases

The increased homocysteine concentration in blood is associated with oxidative stress,
endothelial damage, an increase thrombogenicity and the risk of atherosclerosis development.
A recent meta-analysis confirmed that the supplementation of folic acid reduced the
homocysteine concentration and, in turn, a significant reduction of stroke'® and coronary artery
disease was observed.!!

Recurrent aphthous stomatitis

Recurrent aphthous stomatitis (RAS) is a chronic disease of the oral mucosa manifesting
as painful erosions or ulcerations. It is a multifactorial disease, the etiopathogenesis of which
may include local trauma, food allergies, microbial dysbiosis, infectious agents, stress,
hormonal changes, patient’'s immunological profile, genetic predispositions, and nutrition
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(deficiency of folic acid, Fe ions, or vitamin B12). So far, the treatment of RAS is only
symptomatic and the response to treatment is insufficient in some patients.*?

The analysis of dietary history questionnaires revealed that RAS patients had
significantly lower daily intakes of vitamin B12 and folates.'®* Moreover, they have significantly
higher homocysteine blood levels and lower concentrations of hemoglobin, Fe ions, vitamin
B12, and folic acid.* Lower vitamin B12, folate, and ferritin levels were detected in the saliva of
RAS patients as well.*®> Kalkan et al. (2014) demonstrated the association of the mutant allele
T and the TT genotype of the C677T with a higher number/frequency of oral ulcerations in RAS
patients.!® Individuals suffering from RAS, who show a reduced capacity for folate
metabolization, can benefit from modified Skach’s vitamin treatment (active folate, vitamin B6
and vitamin D3).’

Gingivitis and caries

Gingivitis (inflammation of the gingiva) is a relatively widespread disease. Early
diagnosis and treatment can prevent further tissue damage and the development of
periodontitis. Poor oral hygiene is the principal risk factor for the development of this disease as
it facilitates the accumulation of food remains and biofilm formation. Bacteria from that plague
then attack the cells of the mucosa and damage them, which triggers the immune response and
a further progression of the inflammation. Other risk factors include smoking and hormonal
changes.® The use of a mouthwash containing folate at a concentration of 1 mg/1 mL twice a
day for 4 weeks led in patients with gingivitis to a reduction in the number of spots with the
mucosal discoloration and gingivitis-associated bleeding compared to a placebo control group.*®
The increased dietary intake of folic acid was also shown to have a protective effect in gingival
bleeding, which can potentially represent a novel approach in the clinical treatment of gingivitis
and in supporting gingival health.?®

Caries is a widespread disease affecting the hard dental tissue. It is caused by bacteria
covering the surface of the teeth that metabolize the fermentable carbohydrates from the food
to organic acids. These demineralize the enamel and reduce its hardness. Both environmental
and genetic factors contribute to the development of this disease.? A high amount of
homocysteine in saliva as an oxidative marker caused by reduced folate intake affects the
carious activity.?>?® Based on the research in children of the Czech population, it appears that
the original (wild type) alleles of C677T and A1298C polymorphisms in the MTHFR gene (that
do not affect folate metabolization) are protective factors preventing the development of both
these diseases — gingivitis and caries.?*

Folate deficiency can be countered with food supplements or with foods artificially
supplemented with folates. In patients with metabolic defects caused by the MTHFR
polymorphisms, however, it is much preferable to supplement the folates directly as 5-
methyltetrahydrofolate (active folate) and, therefore, to prevent the accumulation of
unmetabolized folic acid in the peripheral circulation, which can be associated with adverse
effects.®
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2. Experimental part

In the experimental part, students will perform a swab from the patient’s (classmate’s)
buccal mucosa. This simple, non-invasive method of sample collection brushes off epithelial
cells of the buccal mucosa that are suitable for extraction of DNA in the sufficient quality and
amount for the subsequent molecular-biological analyses. Students will also isolate the DNA
themselves, evaluate its quality and quantity, prepare gPCR, and assess and interpret the
results.

2.1. Collection of the biological material

For 1 hour prior to the sample collection, the “patient” should not eat, drink (except for
water) and perform oral hygiene. The epithelial cells are collected using a collection brush.
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Method:

Put protective gloves on

Take the brush from the package without touching anything; use only the end for
holding and manipulating the brush, see Fig. 3

Fig. 3: Manipulation with the collection brush

Rub the brush across the buccal mucosa for approx. 1-2 minutes, rotating it (see Fig.
4)

Fig. 4: Cell collection from the buccal mucosa

Insert the brush into the test tube with the lytic solution and proteinkinase K and break
the brush rod off at the desighated break-off point

Fig. 5: Breaking off the brush rod into the lytic solution with proteinkinase K
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2.2. DNA isolation

There are many DNA extraction techniques, one of which is DNA isolation using
commercially available silicate columns. First, the cellular and nuclear membranes of the
epithelial cells must be disrupted to release the DNA. This is the purpose of the lytic solution,
the principal components of which are the detergent and chaotropic agent. The entire process
is assisted by the enzyme proteinkinase K, degrading besides proteins also RNAses and
DNAses (i.e., enzymes breaking down nucleic acids). After lysis, DNA is purified through
precipitation with 96 % ethanol and subsequently transferred to the silicate column. There,
assisted by the high concentration of chaotropic salts, DNA binds to the silicate column via
hydrogen bonds. Centrifugation leads to washing out all components but DNA from the column.
DNA is then eluted from the column using water or a buffer with low content of salts and second
centrifugation.

Method:

- Vortex the tube with 400 uL of the lytic solution T1 and 25 yL of proteinkinase K twice
for 5 s, see Fig. 6

Fig. 6: Isolation kit (left) and vortexing (right)

- Briefly centrifuge the tube, place it into a thermomixer and incubate and mix for 10
minutes at 56 °C, see Fig. 7
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Fig. 7: Centrifuge (left), thermomixer (right)
- Remove the brush from the tube using sterile tweezers
- Add 400 pL of the B3 solution and incubate for 5 minutes at 70 °C
- Remove the tube from the thermomixer and let it temperate at the room temperature
- Add 400 pL of 96% biologically clean ethanol
- Vortex 2 x 5 s and briefly centrifuge

- Transfer 600 pL of the solution on the column and centrifuge for 1 minute at
11 000 g (rcf)

- Discard the supernatant and return the column into the tube
- Transfer another 600 pL of the solution on the column and repeat the steps

- Transfer the remaining amount of the solution on the column and centrifuge for
1 minute at 11 000 g (rcf)

- Insert the column into a new tube

- Add 50 pL of the B5 solution and centrifuge a for 1 minute at 11 000 g (rcf)

- Add another 50 pL of the B5 solution and centrifuge for 2 minutes at 11 000 g (rcf)
- Transfer the column into a new tube with a lid

- Add 20 pL of the BE solution right in the middle of the column and centrifuge for
1 minute at 11 000 x g (rcf)

- Remove the column and leave the tube with an open lid for 30 minutes at room
temperature to allow the remaining ethanol evaporate
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2.3. Analysis of the quantity and quality of the isolated DNA

The amount and quality of the isolated DNA are most commonly established through
spectrophotometry. Nucleic acids have an absorption maximum at 260 nm. The NanoDrop
machine also allows establishing the purity of the nucleic acids through ratios of absorbance
values at 260/280 nm and 260/230 nm. For further biological analyses, the concentration of
isolated DNA should be approx. 50 ng/uL. The 260/280 absorbance ratio should be = 1.8; values
below 1.8 indicate protein contamination because tryptophan, as well as other amino acids,
have the maximum light absorption capacity at 280 nm. The 230/260 absorbance ratio should
be approx. 2. A lower value indicates contamination with organic agents used during extraction
(guanidine, etc.). Contaminated DNA can be purified through re-precipitation with ethanol it is,
however, always at the expense of the loss of a certain amount of DNA.

Method:

- Apply 2 gL of the elution solution (BE) into the beam window, see Fig. 8

Fig. 8: Sample transfer into the NanoDrop machine
- Push the button BLANK and wait for the machine to calibrate
- Wipe the drop away using gauze
- Apply 2 pL of the DNA sample to the same spot
- Push the button MEASURE and wait for the result
- Wipe the drop away using gauze

- Record and evaluate the result
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2.4. qPCR

Polymerase chain reaction (PCR) is the principal molecular biological method enabling
amplification (multiplication) of a certain DNA segment. This method has many modifications;
here, we will work with real-time PCR (gPCR) with fluorescently labeled TagMan probes. Let’s
start with the preparation of reaction mix, containing besides water and buffer solution also
nucleotides (adenine, thymine, guanine, and cytosine — the structural components of which DNA
strands are built), DNA polymerase (the enzyme incorporating these components into a newly
formed DNA strand) and Mg?* ions as catalyzers of the reaction. In addition, a TagMan probe
is added into the mixture — a solution containing primers that are complementary to a certain
sequence of the DNA (in this case, a sequence of the MTHFR gene), on which the enzyme
DNA polymerase begins to synthesize a new DNA strand, and the probe itself (two types of
oligonucleotides, each one with a different fluorophore), which is complementary to the site in
the MTHFR gene where the polymorphism occurs. For example, in the presence of the
nucleotide A in the position of a polymorphism, an oligonucleotide with the VIC fluorophore (and
in the case of the G nucleotide, the FAM fluorophore) binds to the DNA at the site of the
polymorphism. Mixing the reagents with a DNA sample forms a reaction mix that is placed into
a PCR cycler.

The PCR itself comprises several stages. The first stage is denaturation when the strands
of two-strand DNA are separated, resulting in single-strand DNA. This stage is usually operated
at a temperature of 95 °C. Subsequently, the temperature is reduced to an annealing
temperature, at which the primers bind to the complementary DNA regions. The temperature
may differ at this step; nevertheless, in the TagMan probes, it is usually 60 °C. At this step,
polymerase also gets to the primer and begins to synthesize a new DNA strand. However, DNA
polymerase is capable not only of the synthesis of the new chain but also of the removal of
nucleotides that are “in the way” during the synthesis of the new strand (exonuclease activity).
Hence, when the DNA polymerase comes upon a nucleotide with a fluorophore, it is removed.
The fluorophore is bound to the oligonucleotide together with a fluorescence quencher;
therefore, as long as it is bound to the oligonucleotide, no fluorescence can be detected.
However, as soon as DNA polymerase removes the individual nucleotides from the
oligonucleotide, the fluorophore is released from the quencher and the machine can detect
fluorescence (see Fig. 9). Thus, we can, in real time, observe the increase in fluorescence,
which is proportional to the amount of the amplification product.

forward primib TagMan sonda
3 °

5 3

reverse primer

A

A

Fig. 9: The principle of PCR using TagMan probes (created in the software BioRender.com)
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Method:

- Pipette the reagents into a 1.5 mL tube according to the table and prepare the

reaction mix

Concentration of the

Concentration in the

Volume
Reagent stock solution reaction mix
Master Mix 2X 1 toHL
Primer-probe Mix ax 1x oH

- Vortex the reaction mix 2 x 5 seconds

- Transfer 15 L of the reaction mix into the reaction plate/strip

- Add 5 gL DNA/negative control (water)/positive control

- Seal the plate with a film

- Centrifuge briefly, see Fig. 10

Fig. 10: Centrifugation of a PCR plate

- Set the program in LightCycler 96 Roche to

program Temperature Duration Number of Cycles
denaturation 95 °C 600 seconds 1x
95 °C 10 seconds 40
two-step amplification o X
60 °C 30 seconds
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Place the plate into the LightCycler 96 Roche and run the program, Fig. 11

\

Fig. 11: Placement of the plate in the LightCycler 96 Roche

Evaluate the results, see Figures 12-15
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Fig. 12-15: Graphs representing individual genotypes
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2.5. Evaluation

Fill in the report (see below) where you will record the concentration and quality of the
isolated DNA, the genotype of both polymorphisms in the MTHFR gene and, based on the
determined haplotype, predict the expected phenotype of the patient (his/her ability to
metabolize folic acid). Besides, state what you would, as a dentist, recommend to the patient
with this finding, in the report.

Examination for the presence of polymorphisms C677T and A1289C in the MTHFR
gene

Method: TagMan PCR

Sample code:

Input material:

o DNA purity
DNA concentration: (260/280);
DNA purity
(260/230):
Genotype:
C677T: A1289C:
Haplogenotype (C677T/A1289C):

Phenotype:

Recommendation:
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