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Abstract: The prediction and prevention of congenital malformations in the fetus of women 

with epilepsy is an urgent problem due to the need for long-term use of antiepileptic 

drugs. The aim was to study the frequency of carriage of single-nucleotide variants 

(SNVs) rs1801133 and rs1801131 of the MTHFR gene; rs1801394 of the MTRR gene, 

rs1805087 of the MTR gene and rs1051266 of the SLC19A1 gene in women with epilepsy 

and to evaluate their associations with congenital malformations of the fetus (CMF). Ma-

terials and methods. The study included 61 patients with epilepsy who had a history of 

one or more pregnancies with a known outcome due to the presence of CMF in the child. 

The patients were divided into two groups: 20 patients had various CMF (the main 

group), 41 patients had children who were born without CMF (the comparison group). 

DNA was isolated from the blood, and genotyping of five DNA sequences in four genes 

was performed by polymerase chain reaction. The frequencies of genotypes and alleles in 

the mothers of the main group and the comparison group were determined, the differ-
ences were assessed using Pearson's chi-square criterion (χ2) and Fisher's exact criterion. 

Results. There were no statistically significant differences in the frequencies of genotypes 

and alleles for all analyzed SNVs between the main group and the comparison group (p 

> 0.05). There were no statistically significant differences in the frequencies of genotypes 

and alleles of SNVs of the studied genes in mothers of children with CMF (n = 14) and 

without CMF (n = 22) taking valproic acid (p > 0.05). A statistically significant relationship 

has been revealed between the carrier of a certain haplogroup of the mother and the for-

mation of CMF. Conclusion. The development of VPD in a child is a multifactorial phe-

nomenon in which genetic factors with a small effect size can play a role only in the case 

of certain unfavorable combinations. 
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1. INTRODUCTION 

The prognosis and prevention of congenital malformations in the fetus (CMF) in chil-

dren from women with epilepsy is an urgent problem due to the need for long-term use 

of antiepileptic drugs (AEDs) [1-3]. It has been proven that the teratogenic risk increases 

with the use of polytherapy, high daily dosages, as well as individual AEDs, which in-

clude valproates and topiramate [4-6]. The lack of alternative and less aggressive treat-

ment options for epilepsy (especially in the case of its pharmacoresistance) makes it nec-

essary to actively search for other possible modifiable maternal factors for the occurrence 
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of CMF. Currently, folate cycle disorders with folate deficiency and hypercysteinemia are 

considered to be one of the significant teratogenic predictors [4, 7, 8]. Folate cycle products 

are used for cellular processes such as methionine reduction, synthesis of purine and py-

rimidine nucleotides, and DNA methylation [7]. More than ten enzymes are involved in 

the folate cycle, the main of which are MTHFR (methylenetetrahydrofolate reductase), 

MTR (methionine synthase), MTRR (methionine synthase reductase), and the folate trans-

porter protein SLC19A1. Significant single nucleotide variants (SNVs) have been de-

scribed for the genes encoding these proteins, which lead to a change in enzymatic activity 

[9]. In turn, impaired folate metabolism in women of fertile age leads to a greater suscep-

tibility to the effects of teratogenic and mutagenic environmental factors on the fetus, in-

cluding xenobiotics, which include AEP [10]. 

The greatest attention is currently being paid to the SNVs rs1801133 and rs1801131 

of the MTHFR gene; rs1801394 of the MTRR gene, rs1805087 of the MTR gene and 

rs1051266 of the SLC19A1 gene, as there is evidence of their significant role in the occur-

rence of neural tube failure and other organs and systems [9]. Meanwhile, studies on the 

development of folate cycle genes in the population of women with epilepsy, including on 

the background of taking AEP, are few, and the results are ambiguous. In this regard, it is 

an urgent task to determine the genomic architecture of the folate cycle in women with 

epilepsy, which predisposes to the occurrence of CMF. 

Aim – to study the frequency of SNVs rs1801133 and rs1801131 of the MTHFR gene; 

rs1801394 of the MTRR gene, rs1805087 of the MTR gene and rs1051266 of the SLC19A1 

gene in women with epilepsy and to evaluate their associations with major CMFs. 

 
2. MATERIAL AND METHODS  

The study included 61 women with epilepsy who had a history of one or more preg-

nancies that did not terminate in the first trimester, with a known outcome due to the 

presence of CMF in the child. The patients were divided into two groups: 20 patients had 

various CMFs (the main group), 41 patients had children who were born without CMF 

(the comparison group). The groups were comparable in terms of the age of the patients 

and the forms of epilepsy. 

Treatment of epilepsy during pregnancy: 8/61 (13.1%) women did not receive PEP, 

37/61 (60.7%) women took one PEP, 16/61 (26.2%) received polytherapy. 23/37 (62.2%) pa-

tients received monotherapy with valproic acid, while 13/16 (81.3%) patients received pol-

ytherapy with valproic acid. Fetal HPV was reported in 14/36 (38.9%) cases in children 

born to women who took valproic acid during pregnancy, as well as in 6/26 (24.0%) cases 

in children born to women who did not receive valproic acid. 

Genomic DNA was isolated from venous blood samples. Then, the carriage of SNVs 

rs1801133 and rs1801131 of the MTHFR gene, rs1805087 of the MTR gene; rs1801394 of the 

MTRR gene and rs1051266 of the SLC19A1 gene was determined using the method of al-

lele-specific amplification in Tertsik amplifiers (DNA technology) followed by electropho-

resis with ethidium bromide in 3% agarose gel. 
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Table 1. The frequency of alleles and genotypes of the SNVs rs1801133 and rs1801131 of the MTHFR gene; rs1805087 of the MTR 

gene; rs1801394 of the MTRR gene and rs1051266 of the SLC19A1 gene 

Genotype/ 

Alleles 

CMF “yes“ 

(main group) 

CMF “no“ 

(comparison group)) 

р OR 

n % n %  n 95% CI 

rs 1801133 of the MTHFR gene 

Genotype 

СС 12 60 24 59 

0.89 1.1 0.32 - 3.7 СТ 8 40 17 42 

ТТ 0 0 0 0 

Total 20 100 41 100    

HWL, р  0.34  0.11    

Allele 

С 32 80 65 79 
0.91 1.0 0.38 – 3.1 

Т 8 20 17 21 

Total 40  82 100    

rs 1801133 of the MTHFR gene 

Genotype 

АА 6 30 20 49 

0.35 - - АС 11 55 16 39 

СС 3 15 5 12 

Total 20 100 41 100    

HWL, р  0,84  0,34    

Allele 

С 23 57 56 68 
0.71 1.6 0.7 – 3.7 

А 17 43 26 32 

Total 40  82     

rs1801394 of the MTRR gene 

Genotype 

АА 3 15 6 15 

0.44 - - AG 12 60 18 44 

GG 5 25 17 41 

Total 20 100 41 100    

HWL, р  0.52  0.21    

Allele 

A 18 57 30 68 
0.93 1.4 0.6 – 3.3 

G 22 43 52 32 

Total 40 100 82 100    

rs1805087 of the MTR gene 

Genotype 

AA 12 60 27 66 0.66 - - 
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AG 7 35 10 24 

GG 1 5 4 10 

Total 20 100 41 100    

HWL, р  0.76  0.78    

Allele 

A 31 77 64 78 
0.91 1.0 0.6 – 2.8 

G 9 23 18 22 

Total 40 100 82 100    

rs1051266 of the SLC19A1 gene 

Genotype 

AA 5 60 17 66 

0,66 - - AG 9 35 11 24 

GG 6 5 13 10 

Total 20 100 41 100    

HWL, р  0.52  0.002    

Allele 

A 19 48 45 55 
0.51 1.3 0.6 – 3.1 

G 21 52 37 45 

Total 40 100 82 100    

 

To determine the statistical significance of the differences between qualitative char-

acteristics, we applied Pearson's chi-square criterion (χ2) and Fisher's exact criterion. To 

assess the risk factors associated with the development of CMFs, the odds ratio (OR, 95% 

CI) was evaluated. Intergroup differences were recognized as statistically significant at a 

value of p < 0.05. To identify the pattern of similarity and the formation of internally ho-

mogeneous blocks, the original author's program SANCT – structural analysis of contin-

gency tables (N.N. Khromov-Borisov, T.B.L. Kist, G.B. Lazzarotto) was used. 

3. RESULTS 

The distribution of genotypes in the main group and the comparison group corre-

sponded to the Hardy-Weinberg law (HWL), which indicates the representativeness of 

the sample and the ability to extrapolate the results of the study to the entire population. 

The results of the frequency of carriage of alleles and genotypes of the studied TB are 

presented in Table 1. The frequency of carriage of alleles and genotypes of rs1801133 and 

rs1801131 of the MTHFR gene, rs1805087 of the MTR gene, rs1801394 of the MTRR gene 

and rs1051266 of the SLC19A1 gene did not differ in women with children with CMF and 

women without CMF in offspring (Table 1). 

The frequency of alleles and genotypes rs1801133 and rs1801131 of the MTHFR gene, 

rs1801394 of the MTRR gene, rs1805087 of the MTR gene and rs1051266 of the SLC19A1 

gene was evaluated in women receiving valproic acid during pregnancy, depending on 
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the observation group: CMF "yes" (n1 = 14) and CMF "no" (n2 = 22). There were no statis-

tically significant intergroup differences in the frequency of alleles and genotypes of the 

folate cycle genes studied in women with and without children with CMFs. 

 

Table 2. The frequency of occurrence of SNV haplogroups rs1801133 and rs1801131 of the MTHFR gene, rs1801394 of the MTRR gene, 

rs1805087 of the MTR gene and rs1051266 of the SLC19A1 gene in mothers of children with and without congenital malformation of 

fetus (CMF) 

Haplogroups 
CMF 

Total 
“yes” (n = 40) “no” (n = 82) 

Block 1 

TAAAA, CAGAG, CAGGA, TAGAG, 

CAGGG,  CCGAG, TAAAG ,CAAAG, 

CCGAA, CCAAG, CCAGA ,CAAGG, 

CAGAA 

39 

97.5% 

68 

82.9% 

107 

87.7% 

Block 2 

TAAGA, TAGAA, CAAAA, CAAGA, 

CAGAA, CCGGA, CCGGG 

1 

2.5% 

14 

17.1% 

15 

12.3% 

All 40 (100.0%) 82 (100.0%) 122 (100.0%) 

p 0.022 

 

As a result of processing using the SANCT program, two internally homogeneous 

blocks of SNV haplogroups rs1801133 and rs1801131 of the MTHFR gene were isolated; 

rs1801394 of the MTRR gene, rs1805087 of the MTR gene and rs1051266 of the SLC19A1 

gene with statistically significant differences (p = 0.01). In addition, a statistically signifi-

cant relationship was demonstrated between the carriage of a certain haplogroup of the 

mother and the formation of congenital malformations of the fetus (Table 2). 

There is evidence of a combined effect on the occurrence of CMFs of the carrier of 

folate cycle genes and the intake of AEPs by the mother during pregnancy [15]. The high 

teratogenic potential of valproic acid is well known [16, 17], so we identified mothers who 

received this drug during pregnancy in a separate group. However, no statistically signif-

icant differences were found in the frequency of alleles of the genotypes of the folate cycle 

genes studied in mothers of children with and without CMFs, depending on the fact of 

valproic acid therapy. 

Many authors admit that there are no single (defined) candidate genes for predicting 

the risk of developing CMFs that affect management during high-risk pregnancy. An as-

sessment of polygenic risk is necessary when the genetic risk is summed up, depending 

on the contribution of several SNVs associated with a particular phenotype [19-20]. Using 

the SANСT program allowed us to identify two blocks of homogeneous haplogroups with 

statistically significant differences between each other. We have shown that the combined 

carriage of haplogroups TAAAA, CAGE, CAGE, TAG, CAG, CCGAG, TAAAG, CAAAG, 

CCGAA, CCAGA, CAAGG, CAGAA, CCAAG in a mother with epilepsy can be regarded 
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as a risk factor for the development of VPD in her child (OR 8.029 [95% CI 1.017-63.418], p 

= 0.022). Haplogroups TAIGA, TAIGA, CAAAA, CAAGA, CAGAA, CCGGA, CCGGG can 

be considered as a protective factor that reduces the risk of developing CVD (OR 0.026 [95% 

CI 0.016-0.984] p = 0.022). 

4. LIMITATION 

It should be recognized that the present study includes a small sample size (women 

with epilepsy), so the results should be interpreted with caution, especially when used 

in real clinical practice. 

 
5. CONCLUSION 

Thus, the development of AEP-induced CMFs is a multifactorial phenomenon in 

which genetic factors with a small effect size can play a significant role only in the case 

of certain unfavorable combinations. 
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