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Abstract. Recent reports linking Down syndrome (DS) to maternal polymorphisms at the methylenetetrahydrofolate reductase
(MTHFR) gene locus have generated great interest among investigators in the field. The present study aimed at evaluation
of MTHFR 677C/T and 1298A/C polymorphisms in thTHFR gene as maternal risk factors for DS. Forty two mothers of
proven DS outcomes and forty eight control mothers with normal offspring were included. Complete medical and nutritional
histories for all mothers were taken with special emphasis on folate intake. Folic acid intake from food or vitamin supplements
was significantly low (below the Recommended Daily Allowance) in the group of case mothers compared to control mothers.
Frequencies oMTHFR 677T andMTHFR 1298C alleles were significantly higher among case mothers (32.1% and 57.1%,
respectively) compared to control mothers (18.7% and 32.3%, respectively). Heterozygous and homozygous genotype frequencies
of MTHFRat position 677 (CT and TT) were higher among case mothers than controls (40.5% versus 25% and 11.9% versus 6.2%,
respectively) with an odds ratio of 2.34 (95% confidence interval [Cl] 0.93-5.89) and 2.75 (95% CI 0.95-12.77), respectively.
Interestingly, the homozygous genotype frequency (CC) at position 1298 was significantly higher in case mothers than in controls
(33.3% versus 2.1% respectively) with an odds ratio of 31.5 (95% CI 3.51 to 282.33) indicating that this polymorphism may have
more genetic impact than 677 polymorphism. Heterozygous genotype (AC) did not show significant difference between the two
groups. We here report on the first pilot study of the possible genetic association between BRI 1298A/C genotypes

among Egyptians. Further extended studies are recommended to confirm the present work.

Keywords: Methylenetetrahydrofolate reductab®TFR), Down syndrome, polymorphisMTHFR 677C/T polymorphism,
MTHFR 1298A/C polymorphism, Egyptian

1. Introduction and that 80% of these are lost during early pregnan-
cy [16]. The relationship between chromosomal non-
Down syndrome is the most common genetic cause disjunction and folate metabolism has drawn attention
of human mental retardation, withfeequency of ap- in recent years. Both folate and methylenetetrahydro-
proximately 1 in 600 to 1000 live births [27]. It was  folate reductaseTHFR) are involved in many com-
estimated that 1 in 150 conceptions have trisomy 21 plex biochemical reactionddTHFR s the enzyme re-
sponsible for the reduction of methylenetetrahydrofo-
late, which is a key single-carbon donor that takes part
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nal folate status and homozygous mutatioMinHFR history and food frequency questionnaire were
gene may promote chromosomal instability and non- completed for all mothers with special emphasis
disjunction resulting in fetal trisomy 21 [18]. DNA on folate intake through food or vitamin supple-
hypomethylation induces structural alterations in peri- ments during pregnancy. Adequacy of the diet
centromeric heterochromatin and abnormal chromo- was assessed by comparing the energy and nu-
some segregation. ReducBtiTHFR activity results trient intake of mothers with their recommended
in an increased requirement for folic acid to main- daily allowances [8]. Comparison between the
tain normal homocysteine remethylation to methion- requirement of each mother according to FAO and
ine. In the absence of sufficient folic acid, intracel- the nutritive value of her food intake within 24
lular homocysteine accumulates, methionine resynthe- hours was done using Food Composition Tables
sis is reduced and remethylation reactioney be af- of the National Nutrition Institute of Egypt [9].

fected [22]. Research in this field has accelerated in

the recent years, examining the relationship between 2.2. Sample collection

DS and the two known gene polymorphisnh$TH-

FR 677C/T andMTRR 66A/G taking role in the fo- Venous blood samples were collected on EDTA from

late pathway [15]. Studies by [17] have demonstrated all mothers and preserved at@ till assayed. Total

a link between DS anMTHFR 677C/T and MTRR genomic DNA was extracted from whole blood using

66A/G polymorphisms. Maternal heterozygosity (CT)  salting out technique.

or homozygosity (TT) foMTHFR and homozygosity a- Polymerase Chain Reaction Amplification: Am-

(GG) for MTRR have been calculated to increase the plification was performed in 50 ul reaction mixture con-

risk of having a child with DS. A second polymorphism  taining approximately 100 ng genomic DNA, 200 uM

1298A/C involving alanine to cytosine nucleotide sub- dNTPS, 50 picomole of each forward and reverse

stitution inMTHFR gene has also been reported [30]. primers, and 2 units of Taqg DNA polymerase (Quia-

The purpose of the present study is to evaluate the role gene, Frankfurt, Germany)in a 1X buffer supplied with

of MTHFR 677C/T and 1298A/C polymorphisms in  the enzyme containing 1.5 mM Mggl

DS risk among Egyptian mothers. For the polymorphic site (G- T) at 677 bp, primer se-
guences used were derived from intron sequence brack-
eting exon (4) according to Kowa et al. [19].

2. Subjectsand methods Forward primer: 5-TGA AGG AGA AGG TGT
_ CTG CGG GA-3’
2.1. Subjects Reverse primer: 5-AGG ACG GTG CGG TGA
GAG TG-3..

[Forty two young mothers (less than 30 years old) 1,4 hrimer sequences used for amplification of exon
with a previous history ofbearing Down syndrome (DS) 7y \were derived from inside exon (7) surrounding the

baby confirmed as regular trisomy 21 were selected polymorphic site (A-C) at position 1298. The primer
from Children with Special Needs outpatient Clinic, design was performed using Primer3 Output Software
National Research Center, Egypt. Forty eight control (primerawww_results.cgi) and the sequences were as
mothers, who resided in the same geographic area andfollows:

almost the same social class and had given birth to .\~ primer: '5 GAA GAG CAA GTC CCC
at least two healthy children without history of any CAA AG 3’ '

miscarriages or abnormal pregnancies, were included. Reverse primer: '5 ACA GGA TGG GGA AGT
All subjects (mothers with DS children and control CAC AC 3’ '

mothers) were subjected to: Thermal cycling and product detection: Initial de-

1. Comprehensive history taking including pedigree naturation for one cycle at 9& for 3 min. followed
analysis, family history of any genetic or non- by 35 cycles each consisted of denaturation &t®5
genetic disorders, pregnancy history and obstetric for 30 seconds, annealing at 80 for 45 seconds and
history. extension at 72C for one min. Amplification protocol

2. Dietary assessment: Quantitative daily consump- was ended up with a final extension step atGZor
tion methods, consist recall and records designed 10 minutes. The PCR products were analyzed on 2%
to measure the quantity of the mother food and agarose gel electrophoresis and visualized by ethidi-
beverages consumed over 24 hours [12]. Dietary um bromide staining. The detection of a fragment of
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198 bp
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Fig. 1. Mutational analysis diITHFR 677 polymorphism in exon 4. The amplified product (198 bp) was digested with Hinf | and the digested
products were resolved on 20 % polyacrylamide gel electrophoresis, stained with ethidium bromide and photographed on a photodocumentation
system (Biometra, Germany). Lane 1 shows undigested 198 bp fragment. Lane 2 shows Hinf | digestion product of DNA from a mother of Down
syndrome patient who is a homozygous for C to T (TT) polymorphism which displays doublet band at 175 bp besides 23 bp band (run off the
gel). Lanes 4 displays 198 and 175 bp bands (heterozygous for C to T). Lane 5 shows a wild type (CC) with a doublet band at 198 bp. Band sizes
were evaluated as a comparison with a molecular weight marker @X174 Hae Il digest (lane 3).

ju, |

179 bp

151 bp

o

Fig. 2. Mutational analysis diITHFR 1298 polymorphism in exon 7. The amplified product (221 bp) was digestedMtithl enzyme and

the digested products were resolved on 20% polyacrylamide gel electrophoresis, stained with ethidium bromide and photographed on a photo
documentation system (Biometra, Germany). Lane 2 and 3 dtmld digestion products of DNA from two mothers of Down syndrome patients

who are heterozygous for A to C polymorphism which display two bands at 179 and 151 bp besides 30 and 28 bp bands (ran out of the gel).

Lanes 1 and 4 display 179 and 151 bp bands respectively (homozygous mutant (CC) and homozygous wild type (AA) respectively). Band sizes
were evaluated as a comparison with a molecular weight marker @X174 Hae |1l digest (lane M).

198 bp indicates a successful amplification of exon 4 23 bp. Only, one band at 175 bp is detectable while
of humanMTHFR gene (Fig. 1) and of a 221 bp band  that of 23 bp ran out of gel (Fig. 1).

indicates amplification of exon 7 (Fig. 2). The 221 bp of exon (7) is reduced to 209 bp due to
b- Mutational analysis (Restriction fragment length the presence of anothitboll recognition site within
polymorphism) of the digested PCR products: The di- the sequence of the forward primer which does not in-

terfere with polymorphic site at 1298 bp, and that is
used to detect whether the enzyme used is working or
not. The normal pattern (wild type), (AA) for exon (7)

gested products were resolved on 20% poly acrylamide
gel. The poly acrylamide gel was stained with ethidium

bromide and visuglised with UV trans illuminator. .The provides 3 bands at 151, 30, and 28 bp, respectively
normal patter (wild type) (CC) for exon (4) provides after digestion witiMboll. Only 151 bp band is visu-

a single duplet band at 198 bp after digestion with Hinf ;.- 4 on 20% polyacrylamide gel while the other two
I. While the heterozygous pattern (CT) creates a Hinf  pands ran out of the gel. While, the heterozygous pat-
| restriction site leading to the digestion of the 198 bp,  tern (AC), (contains both mutant and wild type allele)
providing three bands at 198, 175, and 23 bp. The provides 4 bands at 179, 151, 30, and 28 bp. The only
23 bp, last band is undetectable and ran out the gel. two bands visualized on gel were 179 and 151 bp while
The mutant pattern (TT) provides 2 bands at 175, and the other 2 bands ran out, as they are very small in size.
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The mutant pattern (CC) provided 2 bands at 179 and 5.89) and 2.75 (95% CI 0.95-12.77), respectively. On
30 bp where only band at 179 bp was visualized on the the other hand, sum of both variant genotypes (CT plus
gel (Fig. 2). TT) showed significant increase in case mothers com-
pared to control group (52.4% versus 31.2%, respec-
tively) with an odds ratio of 2.42 (95% CI 1.02-5.72)
(Table 3).

The frequency oMTHFR 1298 A/C genotype AA
were calculated to estimate the risk of the different was higher among control mothers than case moth-
genotypes. Allele frequencies and genotype frequen- ers with no statistically significant differences (37.5%
cies were calculated and the differences between moth- versus 19.1%, respectively). However, the frequen-
ers of children with DS and control mothers were de- cy of MTHFR 1298 A/C homozygous genotype (CC)
termined using chi-square test. Expected genotype fre- was significantly higher among case mothers than con-
guencies were calculated from the allele frequencies trol mothers (33.3% versus 2.1%, respectively) with an
under the assumption of Hardy-Weinberg equilibrium. odds ratio of 31.5 (95% CI 3.51 to 282.33). Heterozy-
All statistical analyses were done with SPSS software, gous genotype (AC) did not show significant difference
version 9.0. P values were two tailed, and P was con- between the two groups (47.6% versus 60.4% respec-

2.3. Satistical analyses

Odds ratios and 95% confidence intervals (95% CI)

sidered statistically different €0.05.

3. Results

Detailed nutritional history revealed that 93% of case
mothers did not receive folic acid vitamin supplement.
Dietary content of folate in 90% of mothers included
in this group was below the Recommended Daily Al-
lowance, which is 40@.g/d [11], while the nutritional
history taken from the control group showed folic acid
supplementation (tablets of 5 mg once per day) in 13%
of cases, multivitamin supplement in 53% of cases,

tively) with an odds ratio of 1.55 (95% C1 0.57 to 4.26).
Moreover, sum of both variant genotypes (AC plus CC)
showed no significant difference between the case and
control groups (80.9% versus 62.5% respectively) with
an odds ratio of 2.55 (95% CI 0.97-6.71) (Table 4).

4. Discussion

Inmost cases of DS, the extra chromosome exists as a
result of the failure of normal chromosome segregation
during meiosis. The non-disjunction event is maternal
in 95% of cases, occurring primarily during meiosis

while adequate intake of vegetables (good sources of 1 in the maturing oocyte before conception [18]. Al-

folic acid) was recorded in 67% of cases (Table 1). Stu-
dent T test was performed on folate intake of mothers
with D.S. children and control mothers and showed that
folic acid intake was significantly lower in the group
of mothers with D.S. children than in the control group
(P < 0.01).

The distribution of thét THFRgenotypesin the con-
trol population was found to be in Hardy-Weinberg
equilibrium. Frequencies MMTHFR 677T andMTH-
FR1298C alleles were significantly higher among case
mothers (32.1% and 57.1%, respectively) compared to
control mothers (18.7% and 32.3%, respectively) (Ta-
ble 2).

The MTHFR 677C/T genotype CC frequency was
significantly higher among control mothers compared
to case mothers (68.8% and 47.6%, respectively). The
frequencies oMTHFR 677C/T heterozygous and ho-
mozygous genotypes (CT and TT) were higher among
case mothers (40.5% and 11.9%, respectively) than
control mothers (25% and 6.2%, respectively) with an
odds ratios of 2.34 (95% confidence interval [C1] 0.93—

though mechanisms described recently that could ac-
count for the meiotic non-disjunction are diverse, not
a single mechanism could be referred to as prevailing.
The risk of meiotic nondisjunction may be dependent
on the interaction between different maternal polymor-
phisms 677C/T and 1298A/C MTHFR, and 66A/G
MTRR genes together with nutrients interactions and
lifestyle [20].

Nutritional history, as a possible risk factor, was con-
sidered in details to evaluate folate status of DS moth-
ers in relation to control mothers. Folate acts as a co-
factor for enzymes involved in DNA and RNA synthe-
sis and in the supply of methyl group to the methyla-
tion cycle. Thus, folate deficiency can lead to defec-
tive cell proliferation and cell death [21]. Our results
showed that folic acid intake was significantly low-
er than the Recommended Daily Allowance, which is
400u0/d [11]; in the group of case mothers compared
to controls P < 0.01).

MTHFR acts at a critical metabolic juncture in the
regulation of cellular methylation reactions, catalyz-
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Table 1
Main dietary findings of mothers with DS children and control mothers
Mothers Use of Folate from Number
Vitamin Supplements Food
Control Mothers 66% 67% 400 ug/d 48
Case Mothers 7% 90% 400,.9/d 42
Table 2
Allele Frequency of 677 C/T and 1298 A/C polymorphisms among case and control mothers
Genotype Allele Case Control 2X P
mothers f = 42) Mothers @ = 48)
Alleles Alleles
(%) (n = 84) (%) (n = 96)
677 C 57 (67.9) 78 (81.3)
T 27 (32.1) 18(18.7) 429 <005
A 36 (42.9) 65 (67.7)
1298 c 48 (57.1) 31(32.3) 11.24 <0.001
Table 3

Genotype Frequencies of MTHFR 677 C/T polymorphism in case and control mothers

Genotype Number (% of case  Number (%) of control 2 X Odds 95% CI P
mothers & = 42) mothers . = 48) ratio

CcC 20 (47.6) 33 (68.8) 413 1.0 <0.05

CT 17 (40.5) 12 (25.0) 246 2.34 0.93-5.89 NS

TT 5(11.9) 3(6.2) 0.88 275 0.59-12.77 NS

Combined mutant 22 (52.4) 15(31.2) 413 242 1.02-5.7X0.05

(CTplus TT)

NS: non-significant.

Table 4
Genotype frequencies of MTHFR 1298 A/C polymorphism in case and control mothers
Genotype Number (%) of case Number (%) of Odds 95% CI 2 X P
mothers @ = 42) control mothersq+ = 48) ratio

AA 8(19.1) 18 (37.5) 1.0 3.71 NS
AC 20 (47.6) 29 (60.4) 1.55 0.57-4.26 1.48 NS
CcC 14 (33.3) 1(2.1) 31.5 3.51-282.33 15.75 <0.001
Combined mutant 34 (80.9) 30 (62.5) 2.55 0.97-6.71 3.71 NS
(C plus CC)

NS: non-significant.

ing the conversion of 5,10-methylenetetrahydrofolate
to 5-methyltetrahydrofolate, the methyl donor for the
remethylation of homocysteine to give methionine [4].
Frequent mutations may modify enzymatic activi-
ty. The specific activity oMTHFR is low in the het-
erozygous genotype and in the homozygous mutant
genotype. Reviewing the literature, many polymor-
phisms have been identified MTHFR gene. Howev-
er, two most common genetic polymorphisms associ-
ated with a reduceMTHFR activity have been iden-
tified. One is located in exon 4 at the folate-binding
site (677C/T). The cytosine to thymine transition muta-
tion at position 677 within thtATHFR gene (677C/T)
causes an alanine to valine substitution inMiEHFR
protein and reduced enzyme activity [10]. In homozy-
gous TT subjects, this mutation results in approximate-

ly 50% of enzyme activity compared to those with-
out mutation and leads to decreased synthesis of 5-
methyltetrahydrofolate. Among healthy subjects, the
homozygous TT genotype is associated with a signif-
icantly higher homocysteine and low red cell folate
levels than in heterozygotes or individuals with wild
type C alleles. The (1298A/C) polymorphism is lo-
cated in exon 7 within the presumptive regulatory do-
main [13]. It involves adenosine to cytosine nucleotide
substitution iINMTHFR gene resulting in a glutamine
to alanine substitution [30]. The mutation destroyed
an Mboll recognition site and had an allele frequency
of 0.33. The 1298A-C mutation results in decreased
MTHFR activity, which was more pronounced in the
homozygous than heterozygous state [29].
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T-allele frequency for 677C/T mutation MTHFR
gene in the Egyptian control group established by the
present study (18.7%) is much similar to that report-
ed in UK (18.6%), lower compared to USA (32.2%)
and higher when compared to Sri Lanka (4.9%) and
South India (10%)[7,26]. Moreover, we found that fre-
guency ofMTHFR 677T allele was significantly high-
er among case mothers (32.1%) compared to control

N.A. Meguid et al. / MTHFR genetic polymorphism as a risk factor in Egyptian mothers

dependentrisk factor for a DS offspring at a young ma-
ternal age; however, a role for the combinddHFR
folate carrier geneRFC-1) genotypes in the risk of DS
pregnancies among young ltalian women could not be
excluded. They reported thetTHFR 1298A/C geno-
type frequencies did not significantly differ between
DS mothers and control mothers when polymorphisms
were considered alone, however, the combilEdH-

mothers. The present study showed that frequencies of FRAA /RFC-1 80(GA or AA) genotypes was inverse-

MTHFR677C/T; either heterozygous (CT) or homozy-

ly associated with the risk of DS pregnancies among

gous (TT) genotypes were higher among case mothers Young Italian women.

(40.5% and 11.9% respectively) than control mothers
(25% and 6.2% respectively) with an odds ratios of
2.34 and 2.75, respectively. The sum of both variant
genotypes (CT plus TT) showed significant increase in
case mothers compared to control mothers (52.4% ver-
sus 31.2% respectively). Many studies pointed to the
role of maternaMTHFR 677C/T polymorphism as a
risk factor for Down syndrome. James et al. [18] found
a higher frequency of both theITHFR CT and TT
genotype in the mothers of children with DS as com-
pared to control mothers which is consistent with our
results. Another subsequent similar study by Hobbs et
al. [17] have shown data consistent with the prelimi-
nary observation dMTHFR 677C/T polymorphism in
mothers with DS children than among controls with
an odd ratio of 1.91. Moreover Acacio [1] in Brazil
found that the frequency of joint heterozygotic poly-
morphism 677C/T oMTHFR gene was significantly
higher in 70 women with children affected by trisomy
21 thanin 88 controls with normal offspring. In a study
from India, where 677T allele frequency is quite low
in the population Rai et al. [23] have shown a strong
association of this SNP, especially the T homozygote,
with DS mothers. Interestingly, the T homozygous
case mothers were all younger than 30 years of age.

In the present study, the frequency of the 1298C al-
lele frequency in the Egyptian control group was 32.3%
which is relatively lower than those reported in the
Japanese and Africans who had 79% and 91% frequen-
cies respectively [24]. Moreover, our results showed
that the frequency diITHFR 1298C allele was signif-
icantly higher among case mothers (57.1%) compared
to controls (32.3%).

Regarding theMTHFR 1298A/C polymorphism in
the present study; frequency of homozygous genotype
(CC) was significantly higher among case mothers than
controls (33.3% versus 2.1% respectively). Heterozy-
gous genotype (AC) did not show statistically signifi-
cant difference between the two groups. The sum of
both variant genotypes (AC and CC) was higher among
case group compared to control group with no signifi-
cant difference between the two groups (80.9% versus
62.5% respectively). Similar results were reported by
Grillo et al. [14], who evaluated the frequency of the
MTHFR 1298A—C mutations in 36 mothers of chil-
dren with DS and in 200 controls. They reported that
the MTHFR 1298A—C mutations were more preva-
lent among mothers of children with DS than controls.
Moreover Scala et al. [25] investigated 94 mothers of
DS offspring and 264 control women from Campania,
Italy. They reported an increased risk of DS associated

These authors have attributed 677TT as a genetically \yith MTHFR 1298C allele and th&/THER 1298CC

predisposing factor for susceptibility of young mothers
to DS in this population.

Other studies done on Italian and French mothers did
not supportthe presence of an increased risk of DS birth
in mothers with 677T allele dITHFR gene [4,22,28].
They reported that, the high intake of food folate in
France and Italy may neutralize the metabolic impact
of theMTHFR polymorphism. Moreover Tanamandra
et al. [31] reported no correlation & THFR mutant
677TT homozygosity or mutant 677T allele frequency
with prenatal Down syndrome Caucasian cases. A re-
cent study done by Copped et al. [5] on 80 Italian moth-
ers of DS individuals and 111 Italian control mothers
showed thaM THFR 677C/T polymorphism was an in-

genotype. However, the study done by da Silva et
al.[6] on Brazilian mothers and Boduroglu et al. [2] on
Turkish mothers did not find any association between
MTHFR1298A/C polymorphism and the risk for Down
syndrome.

Castro et al. [3] suggested that the 1298@THFR
genotype, independently of folate availability, might
be potential risk factors for disease states associated
with DNA hypomethylation status including cancer.
Moreover, The involvement of the 12984AC variantin
the development of neural tube defects has only been
considered in a few studies which report a tendency
towards a higher frequency in neural tube defective
children [30].
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Hassold et al. [15] reported that polymorphism vari-
ability in the folate pathway is not a significant con-
tributor factor for human meiotic nondisjunction. They
suggested that factors involving, both genotype and
nutrition may underlie susceptibility to nondisjunction
involving chromosome 21 but the same may not be
true for other autosomal trisomies. Therefore genetic-
environmental interactions will continue to be un-
masked as an increasing number of genes involved in
folate metabolism is cloned. We concluded th&tH-

FR gene polymorphisms may be associated with ma-
ternal risk for DS. For adequate functioningMiTH-

FR enzyme in mutants; both in heterozygous and ho-
mozygous conditions; folate supplementation would be
helpful.
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