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Abstract 

Methylenetetrahydrofolate reductase (MTHFR) is a key enzyme of folate pathway and mutation 

of the enzyme methylentetrahydrofolate reductase MTHFR C677T gene. But whether it has influence on 

the level of total homocysteine is still under debate. Several polymorphisms have been reported in 

MTHFR gene, but C677T polymorphism is the most studied and it has been reported to be a risk factor 

for several diseases/disorders. Also, extensive studies have been conducted in various ethnic groups.  

The present study was designed to explore the frequency of MTHFR C677T polymorphism in 

North Macedonian healthy population.  

The study group consisted of 123 healthy subjects, benevolent blood donors, who were declared 

to be healthy by a medical doctor from the National Institute for Transfusion Medicine in R.  N. 

Macedonia. The MTHFR gene polymorphism was analyzed by the polymerase chain reaction (PCR) and 

restriction fragment length polymorphism (RFLP). 

 Our analysis showed that the measurement of the population-genetic parameters of the allelic 

frequency at the T variable nucleotide had the allelic frequency 0.314. The global prevalence of TT 

genotype was Hardy - Weinberg's custom with a p value of 0.866, which was excluded from the p value 

of x
2
test. The remaining parameters, however, indicated the genetically balanced population and they 

were important for the reliability of the analysis. 

 In the Macedonian population the lowest frequency has the genotype TT and the highest has 

genotype CT. 
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Introduction 

Methylenetetrahydrofolate reductase MTHFR is a crucial enzyme in folate/homocysteine 

pathway. It catalyzes the conversion of 5,10-methylenetetrahydrofolate to 5-methylenetetrahydrofolate, 

which donates methyl group for the conversion of homocysteine to methionine. MTHFR gene is located 

at chromosome 1p36.3 [1].  

A number of single nucleotide polymorphisms (SNPs) are reported in MTHFR gene but C677T 

mutation (rs1801133) is the most studied and clinically important. C677T polymorphism lies in exon 4, in 

which cytosine is replaced by thymine at 677th position, which results in an alanine to valine substitution 

at position 222 in protein (A222V) [2]. C677T mutation was shown to render the enzyme thermolabile 

[2,3].  

MTHFR enzyme functions as dimer or tetramer and Flavin adenine dinucleotide (FAD) is the co-

factor. The C677T mutation changes the secondary structure of the peptide and interactions between 

monomers. The A → V mutation increases the rate of dissociation of FAD and loss of FAD is linked to 

changes in quaternary structure and enzymatic activity reduces [2,4].  

By docking study, it has been established that the mutant enzyme (222V) has less affinity towards 

its cofactor FAD than the normal enzyme (222A) [2,5].  

The variant protein loses its cofactor FAD more quickly and has lower stability. C677T 

polymorphism effect can be suppressed by addition of folate, which causes a higher FAD affinity [2,6]. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5634971/#CR1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5634971/#CR2
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Further studies have also revealed that elevated plasma Hcy level is one of the key-factors 

associated with primary cases like neurodegeneration, Down syndrome, orofacial clefts, type I diabetes, 

cardiovascular diseases, male infertility, schizophrenia, bipolar disorder and cancer [7] etc. 

The frequency of C677T polymorphism has been described in several world populations. 

Hyperhomocysteinemia has also been associated with various other clinical complications. Several 

polymorphisms in the enzymes involved in the Hcy detoxification pathways (the transsulfuration and 

remethylation) have close clinical ties and folates. They are pivotal for cell proliferation and 

hypomethylation, but they have an inverse relation with Hcy.  

In majority of cases methylenetetrahydrofolate reductase MTHFR genetic polymorphism is 

responsible for mild to moderate hyperhomocysteinemia and is one of the rare genetic risk factors that has 

been proven [8,9]. In this sense, it has been shown that folic acid stabilizes and maintains the function of 

the mutated enzyme, a fact that can help in eventual treatment of hyperhomocysteinemia.  

 Also, folate is not only involved in nucleotide biosynthesis but also required for the conversion 

of deoxyuridine monophosphate (dUMP) into thymidine monophosphate [10].  

 

The aim of the study was to describe the frequency of the gene MTHFR C677T polymorphism in 

Macedonian population and to compare it with several analyzed populations in Europe.   

The second objective of the present study was to estimate the global prevalence of C677T 

polymorphism and to compare it with the estimated prevalence of polymorphisms in the population of R. 

N. Macedonia. 

 

Material and methods 

The study comprised 123 subjects (control group), at the age between 19- 59 years.  

The control group of subjects was consisted of blood donors from the National Institute of 

Transfusion Medicine in R. North Macedonia, who were declared to be healthy by a medical doctor. 

Exclusion criteria in the control group were positive family history for hereditary disease associated with 

homocysteine metabolism as well as diseases that were also known to be associated with disorders of 

homocysteine metabolism. 

All healthy individuals included in this study signed a written consent to participate in the study, 

which was approved by the Committee of the Ministry of Education and Science from the Republic   of 

North Macedonia (No. 13-1672/4-02). 

Several days prior to blood analyses, each respondent got specific instructions: to avoid protein-

rich food or fatty food 24 hours prior examination.  Blood samples were drawn from antecubital vein in 

the morning, and collected in vacutainer tubes of 5 ml preserved with the anticoagulant potassium 

ethylene diamine tetraacetic acid (K3EDTA).     

Genetic polymorphism of C677T in MTHFR enzyme was analyzed in peripheral blood sample by 

polymerase chain reaction by Schneider [11], at the Institute of Molecular Biology and Human Genetics 

at the Faculty of Natural and Mathematical Sciences in Skopje. 

 Isolation of genomic DNA from nucleic cells (leukocytes) was done with sodium chloride - 

extraction and subsequent precipitation with ethanol and DNA isolates were aliquoted in several test-

tubes. One of them was kept at +4 to 8
o
C and was used for analyses, while the remaining were kept as a 

reserve in the sample bank at -18 to 20
o
C. 

Amplification of regions of MTHFR gene was done by polymerase chain reaction (PCR). The 

following pairs of primers were used for amplification: 5'-TTT GAG GCT GAC CTG AAG CAC TTG 

AAG GAG-3' и 5'-GAG TGG TAG CCC TGG ATG GGA AAG ATC CCG-3', which resulted in an 

amplification product of 173 base pairs (bp) length. In each reaction tube (with thin walls) calculated 

volume was pipette of: prepared PCR buffer; mix of deoxynucleodites (dNTP); pair of oligonucleotide 

primers: thermostable Taq polymerase and DNA sample collected from each individual. Amplification 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5634971/#CR17
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was done on PCR-machine (thermocycler) (Perkin-Elmer GeneAmp System 2400) by using an adequate 

program with thirty cycles in three phases each. 

Detection of C→T missensе mutation in MTHFR gene was made by restriction analysis 

(Polymerase Chain Reaction-Restriction Fragment Length Polymorphism - PCR-RFLP). Amplification 

products were digested by restriction endonuclease HinfI under optimal conditions (buffered solution 

adequate for each enzyme, at a temperature of 37
o
C). Presence or absence of either certain normal, or 

mutant sequence from PCR products was accompanied with subjectivity or resistance to restriction 

digestion with the enzyme, thus resulting with onset of digested fragments of 125 and 48 bp length or 

non-digested electrophoretic band of 173 bp during electrophoretic analysis (Figure 1). 

 

 

 

 

 
 
Reaction condition.On lane 6 there is a wild type (CC) genotype, on lanes 1, 3, 4, 9 and 11 there are 

mutant heterozygous (CT) genotypes and on lines 2,5,7,8 and 10 mutant homozygous (TT) genotypes; M, 

molecular weight marker 

Figure 1. Detection of MTHFR polymorphism. 

 

 

In addition, to further confirm the reliability of the PCR-RFLP analyses, about 20% of the 

samples underwent a direct sequencing of the amplified region in both directions (from the 

complementary chains). The sequenced amplons completely matched the MTHFR C677T polymorphism 

data obtained previously by PCR-RFLP analysis. Representative electrofluorograms from the sequencing 

analysis are shown in Figure  2. 

 

 

 

 

198bp 

175bp 
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Reaction condition: Amplified segments of the MHTFR gene. A: sample from a patient who is 

homozygous for the wild type (677CC). B: heterozygous specimen with both nucleotides visible (677CT). 

C: a sample of a patient who is homozygous for variant type (677TT). Vertical arrows indicate the 

positions of the nucleotide of interest. Sequences from complementary, antiparallel chain analysis are 

shown. 

Figure 2: Electrofluorograms from the confirmation sequence analysis 

 

Statistical methods 

Genotype and allele frequencies in control groups were compared by Chi-square testing.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

Additionally, all analyses for mutations in the MTHFR C677T gene were performed and were statistically 

processed with the Gene Marker software package from Soft Genetics for frequency and allele and 

genotype analysis. A two-tailed p value of p < 0.05 was considered statistically significant. 

 

Results and Discution 

The prevalence of data obtained from molecular genotyping of DNA samples by PCR-RFLP 

technique used for further statistical processing such as the results of population-genetic analysis of the 

frequencies of genotypes from the polymorphism MTHFR C677T is shown in Table 1. 
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Table 1. Population-genetic analysis of genotypes of MTHFR C677T polymorphism 

 

Analyzed 

population 
Genotype 

Observe

d 

number 

(n) 

Observe

d 

frequenc

y (%) 

 

 

 

 

Expected 

number 

(n) 

Expected 

frequenc

y 

(%) 

Relation 

Observed 

/ expected 

Hardy-

Weinberg 

equilibrium 

Х
2 

p  

Control group 

(n= 123) 

 

CC 

CT 

TT  

in total 

 

 

57 

 

54 

 

12 

 

123 

 

 

 

46.51 

 

44.19 

 

9.30 

 

100.00 

 

 

 

 

56.24 

 

53.52 

 

13.24 

 

123 

 

 

47.07 

 

43.08 

 

9.86 

 

100.00 

 

 

 

 

0.99 

 

1.03 

 

0.94 

 

/ 

 

 

0.028 0.866 

         

         

           

         

value of the X
2
 test from the comparison of the observed versus the expected frequencies according to 

Hardy-Weinberg law; p-value derived from the X
2
 test 

 

The comparison of the observed versus expected frequencies of the genotypes, as well as the total 

examined population, did not show statistically significant deviations (p> 0.05) according to the X2 test 

(the values were smaller than the critical ones: 3.84 at alpha = 0.05 and the corresponding degrees of 

freedom), from which it can be concluded that they were in the Hardy-Weinberg equilibrium.  
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Table 2: Population-genetic analysis of MTHFR C677T polymorphism alleles 
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Analyzed 
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Allele 

 

 

 

Number of 

alleles 

(n) 

. 

 

 
 Allelic 

frequency 

(%) 

.  
 

 

Genetic 

diversity 

rate 

.  

 

 
Heterogeneity 

rate 

.  

    

 
PIC * 

. 

(n= 123) 
 

C 

 

T 

 

total 

 

168 

 

96 

 

246 

 

0.686 

 

0.314 

 

1 

 

 

 

 

0.431 

 

 

0.442 

 

 

0.338 

* PIC, a statistical measure of the diversity of alleles in the studied population (from English 

polymorphism information content) 

 

Important population-genetic parameters are the allele frequencies of both allelic forms with 

nucleotides C and T at position 677 of the MTHFR gene. The data indicate that the C allele was present 

with a frequency of 0.686 in the healthy group. The variant T allele had a reverse frequency. 

Other parameters also indicated a genetically balanced population which was important for the 

reliability of the analyses. 

The calculation of gene diversity values is used in population genetics as a measure of the 

expected heterozygosity of a particular allele at the diploid locus or genetic marker. It is often defined as 

the statistical probability that two randomly selected alleles from a population are different. Gene 

diversity values can range between 0 and 1. 

One of the statistical measures of the degree of polymorphism of a certain gene marker is the rate 

of heterozygosity, is the probability that any randomly selected individual from the analyzed population is 

heterozygous for either of the two alleles of the marker. 

An alternative measure of allele diversity in the study population is the polymorphism 

information content index (PIC). Theoretically, PIC values can vary from 0 to 1. At the lowest value, the 

polymorphic marker contains only one allele, while at a value of 1, the marker has an infinite number of 

alleles. In general, PIC values greater than 0.44 are considered moderately informative, while above 0.7 

are highly informative in the context of population genetic analysis. However, a gene marker containing 

only two alleles, such as the MTHFR C677T polymorphism examined, can only have PIC values less 

than 0.375.  

The obtained PIC values for the alleles of this polymorphism are similar in all analyzed groups 

and are close to the maximum possible value. This indicates that the dominant allele is informative, 

indicating that, statistically, 35.2% of the offspring will be informative in the context of this study. PIC 

values are always lower than heterozygosity values. 
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Our results from the population-genetic analysis regarding the prevalence of the mutation of 

MTHFR C677T in the control group showed that the CC genotype was the most common (47%), 

followed by the ST genotype with a frequency of 43%, while, as expected, the lowest frequency in the 

control group with 9.86% had the TT genotype. These findings are consistent with the results cited in the 

literature on the prevalence of MTHFR genotypes in healthy subjects [12]. 

A number of papers have been published on MTHFR mutations for almost all continents in some meta-

analyses. MTHFR gene mutation data for some European countries are given in Table 3. 

 

 

Table 3. Frequency of alleles and genotypes from MTHFR C677T mutations in some European 

populations 

 

 

 

Country Number 

C 

allele 

T  

allele 

CC 

genotype 

(%) 

CT 

genotype 

(%) 

TT 

genotype 

(%) 

North R. 

Macedonia 

123 0.686 0.314 47 43 9.86 

Croatia 228 - - 46.1 44.7 9.2 

Croatia 298 - - 45.0 49.0 6.0 

Greece - 

Аthens 

186 0.629 0.371 42.5 40.9 16.7 

Slovakia 386 0.725 0.275 49.5 45.8 4.6 

Italy 100 - - 26.6 55.2 18.2 

Italy- Verona 222 - - 33.8 47.3 18.9 

Italy - Verona 137 0.562 0.438 30.7 51.1 18.2 

Italy - Padua 109 - - 32.0 49.0 19.0 

Spain 716 0.580 0.420 32.0 52.2 15.8 

Germany 336 0.710 0.290 54.2 39.6 6.2 

Sweden - Umea 41 0.760 0.240 67.5 25.0 7.5 

Netherland- 

Amsterdam 

2096 - - 46.9 43.3 9.8 
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Netherland-

Vageningen 

88 - - 39.1 49.4 11.4 

England 424 - - 44.0 46.0 10.0 

Ireland - 

Dublin 

183 - - 47.0 42.6 10.4 

Ireland - 

Dublin 

120 - - 39.1 46.7 14.2 

Scotland 199 - - 45.2 42.2 12.6 

Austria- Graz 59 - - 47.5 38.0 13.6 

Portugal 117 0.667 0.333 43.6 46.2 10.3 

Europe 9 

countries 

747 - - 47.1 42.1 10.8 

 

Table 3 shows that the lowest frequency for the T allele is in Sweden with 0.240 [13], and the 

highest frequency is in Italy-Verona with a frequency of 0.438 for the T allele [14]. 

The lowest frequency for the TT genotype in Europe was reported in Slovakia with a frequency 

of 4.6%, while the highest frequency for the TT genotype was reported in Italy, in Padua with 19.0% [15]. 

A 2003 study by Wilken et al. on the geographical and ethnic variations of MTHFR mutations in 

7,000 neonates from 16 regions worldwide showed increasing frequencies of the TT genotype, with the 

lowest frequency in Finland and blacks in Atlanta, USA (4.0% and 2.7%). and with the highest frequency 

in Mexico and Campania in Italy (32.2% and 26.4%) [12]. 
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 Figure 3a.b Distribution of MTHFR C677T gene polymorphism in healthy population and an updated 

meta-analysis 

The causes and consequences of such geographical and ethnic variations in the MTHFR mutation 

and disease distribution in those populations are unclear, but there are data on the frequency of neural 

tube defects, ischemic heart disease, deep vein thrombosis, and possibly stroke [16,17]. 

Also, in the control group, the relationship between plasma homocysteine, as a dependent 

variable, with the polymorphism of the gene for MTHFR (C677T) as an independent variable through the 

genotypes CC, CT and TT was examined. Although, with greater variations, additional statistical 

confirmation of the absence of association of these genetic parameters with the tested group was also 

obtained with the values of probability (OR), risk (RR), and confidence interval (95% CI). 

https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click on image to zoom&p=PMC3&id=5634971_12291_2016_619_Fig5_HTML.jpg
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The MTHFR gene polymorphism (C677T) is responsible in most cases for mild to moderate 

hyperhomocysteinaemia and is one of the few genetic risk factors proven today. In the control group, the 

lowest homocysteine concentrations were detected in individuals with the CC genotype, higher in those 

with the heterozygous CT genotype, and the highest in those with the variant TT genotype. Statistical 

analysis showed that subjects with the CT genotype of MTHFR (C677T) had a significantly higher tHcy 

level than subjects with the wild genotype CC of MTHFR (C677T), p <0.001; while subjects with the TT 

genotype of MTHFR (C677T) had a higher level of plasma tHcy than subjects with the wild genotype CC 

of MTHFR (C677T), p <0.001. This fact suggests that a mutation in the MTHFR gene (C677T) may affect 

the composition of the intracellular folate capacity (pool), so that the homozygous form of this mutation, 

and to a lesser extent heterozygous, is accompanied by an increased plasma tHcy concentration. In this 

regard, folic acid has been shown to stabilize and preserve the function of the mutated enzyme, a fact that 

will form the basis for the possible treatment of hyperhomocysteinemia [18,19]. 

Genetic factors have been shown to affect the responsiveness of serum folate to diet alterations 

and supplement use. A recent Croatian study reported that less than 10% of individuals were homozygous 

regarding 5,10-methylenetetrahydrofolate reductase MTHFR polymorphism [20]. The MTHFR 

polymorphism was associated with significantly increased plasma Hcy and altered folate metabolism 

[21,22]. 

In the largest and last meta-analysis (1) the frequency of MTHFR C677T polymorphism in 

Eastern UP population, and the worldwide prevalence of C677T polymorphism (2) were determined. 

MTHFR C677T has a high degree of heterogeneity in the world distribution, and it is most prevalent in 

Eastern UP. In this study, the prevalence of the mutant T allele was found in 11% of the Eastern UP 

population (1% TT homozygous), which is similar to that reported earlier from other Indian population 

(23). The high frequency of T allele might be due to folate and vitamin B12 rich non-vegetarian food 

habits of the population.  

 

Conclusion  

In the Macedonian population the lowest frequency has genotype TT, than the CC, and the lowest 

frequency has the genotype the TT in mutation of MTHFR C677T gene polymorphism. The reason for the 

different distribution seems is due not only to the environmental effect (especially folate and B12 rich or 

deficient diet) but also to the different way of life of the populations. 
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