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Abstract: The relationship between the metabolism of B9 vitamins (folates) and chromosomal nondisjunction leading to
aneuploidy has drawn attention in the recent past. Here, we examine two polymorphisms in the gene encoding the folate
metabolizing enzyme methylenetetrahydrofolate reductase and their impact upon the prenatal risk of Down syndrome
(DS). Homozygous TT and heterozygous (CT) genotype frequencies of MTHFR at position 677 were higher among
control mothers, showing no impact upon DS pregnancy risk. Similarly, the neither the homozygous CC genotype
frequency at position 1298, nor the heterozygous AC genotypes associate with a higher risk of DS at a statistically
significant level.

INTRODUCTION

Primary trisomy 21, the molecular event underlying Down syndrome (DS), is the consequence of the failure in
normal chromosome 21 segregation during meiosis. A number of genetic and environmental factors have been suggested
to play interactively a role in aneuploidization, among which dietary factors (Coppede, 2009). In 1999, James et al.
suggested that polymorphisms in folate metabolism genes leading to alterations of this pathway increase the risk of
having infants with DS. In 95% of the syndrome cases, the nondisjunction event is of maternal origin, occurring primarily
during meiosis | in the maturing oocyte. However, as the maternal meiose | occurs during the foetal development of the
mother, the diet of the maternal grandmother might be significant in this case, while the diet of the mother may have
impact upon the meiose Il segregation failure. Only a few of DS cases (less than 5%) are due to errors occurring during
paternal meiosis and little is known about the effect of paternal nutrition and aneuploidy in sperm. Still, Young et al.
(2008) observed that men with high folate intake had lower frequencies of sperm with disomy 21 compared with men
with lower intake, providing additional evidence for the importance of folates in human nondisjunction events.

Folic acid belongs to the family of B9 vitamins and is medically used for the primary prevention of severe
congenital malformations and Down syndrome. The folate cycle is essential to two physiological processes: the synthesis
of purines and pyrimidines required for DNA synthesis and repair, and cellular methylation associated with the
methionine cycle. Alterations in the folate metabolism may be the result of some specific polymorphisms in the genes
involved in its regulation and, due to the above-mentioned key roles of folate, these alterations can add to the risk of
women having children with DS.

Methylenetetrahydrofolate reductase (MTHFR) is an important enzyme involved in folate metabolism; it
catalyzes the conversion of 5,10-methylenetetrahydrofolate (5,10-MTHF) in 5-methyltetrahydrofolate (5-MeTHF), the
latter representing the active form of folate that is involved in re-methylation of homocysteine to methyonine. MTHFR
gene was mapped on human chromosome 1p36.3; it has 11 exons and exhibits multiple polymorphisms in general
population, some of them with altered function in homozygous individuals. However, two polymorphisms of the MTHFR
gene are found with higher frequency: 677C>T si 1298A>C; these polymorphisms are thermolabile variants of the normal
gene and determine the accumulation of homocysteine in circulatory system and the decrease of folic acid concentration.

The genetic polymorphism at position 677 of MTHFR is located in the exon 4, corresponding to the folate-
binding site of the encoded protein. The cytosine to thymine transition mutation (677C>T) causes an alanine to valine
substitution in the MTHFR protein and reduced enzyme activity (Frost et al., 1995). The genotype MTHFR 677TT
appears frequently in the general population and has major influences upon folate and homocysteine levels.

The second MTHFR polymorphism involves an adenosyne to cytosine substitution at base pair 1298 (1298A>C),
causing a glutamate to alanine substitution in the MTHFR protein. The polymorphism is located in exon 7, within the
presumptive regulatory domain (Goyette et al., 1998). The 1298A>C mutation results in decreased MTHFR activity, with
a stronger effect in the homozygous than in the heterozygous state, yet with a lesser impact than that of 677C>T (Van der
Put et al., 1998). Some previously published data show a frequency of 1298CC genotype of about 10% and an allele
frequency of 1289C of about 36% among distinct populations (Botto et al., 1999).

Beside MTHFR, polymorphisms in several other genes of the folate pathway affect the risk of DS pregnancy. For
instance, folate receptors are responsible for 5-methyltetrahydrofolate binding and transport and inadequate receptor
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function can lead to lower transport and a decrease in the intracellular concentration of active folate forms. Genes
encoding folate receptors have been localized on chromosome 11 (11g13), as well as a soluble 5-MTHF receptor and an
unexpressed folate receptor pseudogene (De Marco et al., 2000); in addition, other genes for reduced folate carrier and
cystathionine B-synthase are located on chromosome 21 and alteration in their dosage in trisomy 21 foetuses may further
complicate the alterations occuring in this pathway (Coppedé, 2009).

The present study analyzes the association between MTHFR 677C>T and 1298 A>C polymorphisms as maternal
risk factors for meiotic nondisjunction of chromosomes 21, causing DS, in a cohort of Romanian mothers of DS children,
in comparison with mothers.

MATERIALS AND METHODS

Our study include 72 women: 26 of them (ages 22-40), that gave birth to DS children, citogenetically confirmed
as regular trisomy 21, including 7 women with a history of spontaneous miscarriages (26.92%); 46 control mothers that
gave birth only to healthy children, without any history of miscarriages or abnormal pregnancies. All women in our study
reside in the same geographic area and have a similar social background.

Genomic DNA was isolated from whole peripheral blood collected on EDTA, using peqGOLD blood DNA mini
kit (ATP Biotech) following the manufacturer’s instructions.

The MTHFR 677C>T and 1298A>C mutations were investigated by polymerase chain reaction (PCR) and
restriction fragment length polymorphism (RFLP) analysis. For 677C>T polymorphism, the primers were: forward 5’-
TGA AGG AGA AGG TGT CTG CGG GA-3’, reverse 5-AGG ACG GTG CGG TGA GAG TG-3°, amplifying a
fragment of 198 bp. PCR conditions were 40 cycles of 30 sec at 94°C, 30 sec at 62°C, and 30 sec at 72°C, preceded by an
initial denaturation of 2 min at 94°C and followed by a final extension of 7 min at 72°C. The presence of the T-allele
generated a Hinfl site, producing a 175 bp fragment upon restriction in standard conditions, versus the 198 bp fragment of
the C allele.

The primers for the PCR reaction to analyze the 1298A>C polymorphism were: forward: 5’-CTT TGG GGA
GCT GAA GGA CTA CTA C-3’, reverse 5’-CAC TTT GTG ACC ATT CCG GTT TG-3’. PCR conditions were 38
cycles of 1 min at 92°C, 1 min at 60°C, and 30 sec at 72°C, preceded by an initial denaturation of 2 min at 92°C, and
followed by a final extension of 7 min at 72°C. The amplified fragment is 163 bp; in the presence of cytosine, a Mboll
site is modified. Thus, while the wild type allele is restricted into five fragments of 56, 31, 30, 28, and 18 bp, while the
mutated allele is digested only into four fragments of 84, 31, 30 and 18 bp (Van der Put et al., 1998,).

Statistical Analysis

Allele frequencies were calculated for each genotype, and the differences in allele frequencies between mothers
of children with DS and control mothers were determined using chi-square test. Expected genotype frequencies were
calculated from the allele frequencies under the assumption of Hardy-Weinberg equilibrium. The interaction between the
two MTHFR genotypes was evaluated by calculating the odds ratios (OR) for mutant genotypes, as compared to wild
types for both of the MTHFR genotypes. Analyses were performed using the software SPSS.

RESULTS AND DISCUSSIONS

The investigation of the MTHFR 677 and 1298 polymorphisms was addressed by PCR
amplification of genomic DNA using the primers described in Materials and Methods section,
followed by restriction digestion with appropriate endonucleases. The results of the mutational
analysis are shown for few representative cases in the figure 1.

Lo
Y
-

i 3 6 M I 5 9

I8 3 &7 M
w i a® .h

Sbbp
303 1bp

198 bp __-.--—

175 by e

158



Analele Stiintifice ale Universitatii ,,Alexandru loan Cuza”, Sectiunea Genetica si Biologie Moleculara, TOM XI, 2010

b.

Fig 1a. PCR-RFLP (Hinfl) mutational analysis of MTHFR 677 polymorphism in exon 4. Lane 1 — case 2; 2 — case 5; 3 -
case 9 ; 4 — case 18; 5—case 30; 6- case 67; M — pGEM 100 bp molecular weight marker (Promega). 1b. PCR-RFLP
(Mboll) Mutational analysis of MTHFR 1298 polymorphism in exon 7. Lane 1 — case 2; 2 — case 5; 3 - case 9 ; 4 — case
18; 5-case 30 ; 6 — case 67; M — pGEM 100 bp molecular weight marker (Promega).

As observed in fig. 1a, cases 2 and 30 have the homozygous 677CC genotype, cases 5 and
67 — homozygous 677TT genotype and cases 9 and 18 — heterozygous 677CT genotype. For the
polymorphic site at 1298 (fig. 1b), cases 2 and 5 have the AA genotype, case 9 and 67 — CC
genotype and cases 18 and 30 — heterozygous AC genotype.

The allele frequencies of MTHFR 677C>T and 1298A>C in DS mothers and control
mothers are listed in Table 1. MTHFR 677T allele frequency was 26.9% in DS mothers (x* 1.83,
P: 0.176), while the 1298C allele frequency was 44.2% (5 2.32, P: 0.127).

Table 1. Allele frequencies of MTHFR 677C>T and 1298A>C in mothers of DS children and control mothers.

Polymorphism Allele DS mothers (%) Control mothers (%) 1 P
MTHFR 677C>T C 38 (73.1) 57 (62) 1.83 0.176
T 14 (26.9) 35(38)
Total 52 92
MTHFR 1928A>C A 29 (55.8) 63 (68.5) 2.32 0.127
C 23 (44.2) 29 (31.5)
Total 52 92

Genotype frequencies are listed in Table 2. All genotype frequencies among controls were
consistent with Hardy—Weinberg equilibrium expectations.

Table 2. Genotype frequencies of MTHFR 677C>T and 1298A>C in mothers of DS children and in control mothers.

Polymorphism Genotype DS mothers (%) Control mothers (%) Odds ratio 95% ClI P
MTHFR 677C>T CcC 14 (53.8) 18 (39.1) 1 Reference
CT 10 (38.5) 21 (45.7) 0.612 0.22-171 0.35
T 2(1.7) 7(15.2) 0.367 0.07 - 2.05 0.24
CTorTT 12 (46.2) 28 (60.9) 0.551 0.21-1.46 0.23
MTHFR 1298A>C  AA 8 (30.8) 20 (43.5) 1 Reference
AC 13 (50) 23 (50) 1.413 049-4.1 0.52
cC 5(19.2) 3(6.5) 4.167 0.80-21.68  0.08
AC or CC 18 (69.2) 26 (56.5) 1.73 0.626-4.78  0.29

CT heterozygous and TT homozygous genotype frequencies of MTHFR at position 677
were higher among controls mothers than among DS mothers (45.7% versus 38.5% and 15.2%
versus 7.7% respectively, with an odds ratio of 0.612 (95% confidence interval (Cl) 0.22-1.71 P
value 0.35) and 0.367 (95% CI 0.07-2.05 P value 0.24), respectively).

CC homozygous genotype frequency at position 1298 was higher in DS mothers than in
controls (19.2 % versus 6.5% respectively, with an odds ratio of 4.167 (95% CI 0,80 to 21.68, P
value 0.08)) indicating that this polymorphism may have more genetic impact upon the risk of
DS than the polymorphism at position 677, although, apparently not at a significant level. AC
heterozygous genotype did not show any difference between the two groups.

We next compared the genotype frequencies between MTHFR 677CC, CT, TT and
MTHFR 1298AA, AC, CC between DS mothers and control mothers. The results are presented in
table 3 and show an association between 677CC/1289(A/C)C genotypes and DS infants (46.1%
versus 26.1%, odds ratio 3, 95% CI 0.50-17.95).

Table 3. The association between MTHFR 677C>T and 1298A>C genotypes in DS mothers and control mothers
Genotype DS mothers (%)  Control mothers (%)  Odds ratio 95% ClI P
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26 (total) 46 (total)

677CC/1298AA 2(7.7) 6 (13.0) Reference

677CT/1298AA 4 (15.4) 7 (15.21) 1.7143 0.23-12.89 0.598
677TT/1298AA 2(7.7) 7 (15.21) 0.8571 0.09 - 8.07 0.893
677CT or TT/1298AA 6(23.1) 14 (30.4) 1.2857 0.19-8.29 0.791
677CC/1298AC 7(26.9) 9(19.6) 2.33 0.35-1530 0.371
677CC/1298CC 5(19.2) 3(6.52) 5 0.58-42.79  0.130
677CC/AC or CC 12 (46.1) 12 (26.1) 3 0.50-17.95 0.217
677CT/1298AC 6(23.1) 14 (30.4) 1.28 0.19-8.29 0.791
1298CT or TT/1298AC or CC 6 (23.1) 14(30.4) 1.28 0.19 - 8.29 0.791

Down syndrome represents a major cause of mental retardation, affecting 1 in 700 live
births (Cheffins et al., 2000). It is caused by the failure of chromosome 21 to segregate normally
during meiosis (Lejeune et al., 1959). Despite substantial research, the cause of chromosome
non-disjunction leading to trisomy 21 remains unclear. Abnormal folate metabolism due to
common genetic polymorphisms has been described as a possible cause of DS (James et al.,
1999), as deficiences in cellular folate and methyl donors have been associated with abnormal
DNA methylation, DNA strand breaks and abnormal chromosome segregation (James et al.,
2002).

Several association studies have been performed in the last decade (1999-2009), aimed at
clarifying the role of folate and methyl metabolism in DS risk, almost all of them including the
MTHFR 677C>T polymorphism. In our study, we investigated the prevalence of the MTHFR
genotype variation in Romania, finding the frequencies of the CC, CT, and TT genotypes at 677
position among DS mothers of 53.8%, 38.5%, and 7.7%, respectively, and among control
mothers - of 39.1%, 47.5%, and 15.2%, respectively (P values 0.23-0.35). These data do not
point to any association between the polymorphisms as this locus and the risk of having DS
infants.

James et al (1999) studied MTHFR 677C>T mutation in 57 mothers of DS children and
50 control mothers from United States and Canada and found a significant increase in the
frequency of mutant allele (CT and TT), compared to controls. The frequencies of the CC, CT,
and TT genotypes among the mothers of children with DS were 26.3%, 59.6 %, and 14%
respectively. The corresponding frequencies among control mothers were 48%, 44%, and 8%
respectively, therefore associating a higher risk of DS pregnancy to 677T allele.

In a similar approach, Hobbs et al. (2000) evaluated the frequencies of the MTHFR
677C>T mutations in DNA samples from 157 mothers of children with DS and 144 control
mothers, in USA. They found that the MTHFR 677 C>T polymorphism is more prevalent among
mothers of children with Down syndrome than among control mothers.

In unrelated studies, MTHFR 677C>T polymorphism resulted to be an independent risk
factor for a DS offspring in the Egyptian and Chinese populations (Wang et al., 2007; Meguid et
al., 2008; Wang et al., 2008). However, none of the studies performed in Europe ( O’Leary et al.,
2002; Chadefaux et al., 2002; Stuppia et al., 2002; Scala et al., 2006; Martinez-Frias et al., 2006;
Coppedé et al., 2009), Turkey or Japan (Takamura et al., 2004; Boduroglu et al., 2004) found it
to be an independent DS risk factor.

The contrast between the two categories of results could be due to variations in allele
frequencies among different populations or to the different sizes of the case—control studies;
however, it could also largely result from the contribution of environmental factors, such as
dietary factors (Chadefaux et al., 2002; Chango et al., 2005; Coppede et al., 2006).

The MTHFR 1298A>C polymorphism has been studied less extensively than the 677C>T
in relation with the risk of DS. The first evidence of an association between the 1298C allele and
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DS risk was obtained in by Grillo et al. (2002), in a study on a Brazilian cohort; in addition, an
interaction between MTHFR 1298A>C and 677C>T polymorphisms was shown to increase the
DS risk (Grillo et al., 2002; Acécio et al., 2005). Similar results have been obtained in India (Rai
et al., 2006), Southern Italy (Scala et al., 2006) and Egypt (Meguid et al., 2008). Four out of five
Brazilian studies indicate an increased risk of DS associated with the combinations of the
MTHFR 1298C variant with other polymorphisms in genes of the folate metabolic pathway,
including the MTHFR 677C>T allele. There are, however, four studies that failed to find any
association between DS risk and the MTHFR 1298A>C polymorphism (either alone or combined
with other variants). (Bosco et al., 2003; Boduroglu et al., 2004; Chango et al., 2005; Biselli
et.al., 2008). Again, our data do not associate the presence of the mutant C allele at this locus
with a higher risk of DS: the cumulated frequencies of AC and CC genotypes are 69.2% in DS
mothers versus 56.5% in control mothers (P value 0.29). As expected, neither association
analysis between different genotypes shows an increased risk for any particular combination.

CONCLUSIONS

We have, therefore, compared two polymorphisms in MTHFR gene in DS mothers under
the age of 40 with controls. Allele frequencies at these positions do not point to any preferential
association of a particular polymorphism and DS phenotype. The differences between MTHFR
677CT and MTHFR 677TT genotype frequencies in DS mothers and in controls were not
significant. Therefore, the MTHFR 677C>T polymorphism is not a maternal risk factor for DS.
Similarly, neither the MTHFR 1298A>C polymorphism does not associate with a higher risk, at a
statistically significant level.
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