SABP

BIOCHIMICA
POLONICA

Vol. 62, No 3/2015
529-532
http://dx.doi.org/10.18388/abp.2015_974

Regular paper

Methylenetetrahydrofolate reductase gene polymorphisms in
Egyptian Turner Syndrome patients

Manal F. Ismail', Waheba A. Zarouk?, Mona O. Ruby3, Wael M. Mahmoud* and

Randa S. Gad?~

1Biochemistry Department, Faculty of Pharmacy, Cairo University, Cairo, Egypt; 2Department of Molecular Genetics, National Research Centre,
Cairo, Egypt; 3Department of Clinical Genetics, National Research Centre, Cairo, Egypt; “Department of Cytogenetics, National Research Centre,

Cairo, Egypt

Background: Folate metabolism dysfunctions can re-
sult in DNA hypomethylation and abnormal chromo-
some segregation. Two common polymorphisms of the
methylenetetrahydrofolate reductase (MTHFR) encoding
gene (C677T and A1298C) reduce MTHFR activity, but
when associated with aneuploidy, the results are con-
flicting. Turner Syndrome (TS) is an interesting model
for investigating the association between MTHFR gene
polymorphisms and nondisjunction because of the high
frequency of chromosomal mosaicism in this syndrome.
Objective: To investigate the association of MTHFR gene
C677T and A1298C polymorphisms in TS patients and
their mothers and to correlate these polymorphisms
with maternal risk of TS offspring. Subjects and Meth-
ods: MTHFR C677T and A1298C polymorphisms were
genotyped in 33 TS patients, their mothers and 15
healthy females with their mothers as controls using
polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) and sequencing technique.
Results: Genotype and allele frequencies of both C677T
and A1298C were not significantly different between TS
cases and controls. There were no significant differences
in C677T genotype distribution between the TS moth-
ers and controls (p=1). The MTHFR 1298AA and 1298AC
genotypes were significantly increased in TS mothers
Vs. control mothers (p=0.002). The C allele frequency
of the A1298C polymorphism was significantly different
between the TS mothers and controls (p=0.02). The asso-
ciation of A1298C gene polymorphism in TS patients was
found to increase with increasing age of both mothers
(p=0.026) and fathers (p=0.044) of TS cases. Conclusion:
Our findings suggest a strong association between ma-
ternal MTHFR A1298C and risk of TS in Egypt.
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INTRODUCTION

Turner Syndrome (IS) is one of the most common
aneuploidies in humans, affecting approximately 1/2500
births (Stochholm ez al., 2006). In 50% of TS cases, only
one X chromosome is inherited as a result of nondis-
junction during parental gametogenesis, leaving a mono-
somy X genotype (45, X) in the fetus (Elsheikh ez al,
2002). In 70% to 80% of these monosomic females,
the single X chromosome is of maternal origin with
the remainder being paternal in origin (Frias & Daven-

port, 2003). The molecular mechanisms which determine
chromosomal nondisjunction are not well known so far,
but dysfunctions in folate and methyl group metabo-
lism may result in DNA hypomethylation and abnormal
chromosome segregation. MTHFR plays a crucial role
in the regulation of DNA methylation (De Oliveira ez
al., 2008) by conversion of 5,10-methylenetetrahydro-
folate (5,10-methylene-THF) to 5-methyltetrahydrofolate
(5-methyl-THF), the major methyl donor for remeth-
ylation of homocysteine to methionine (Steed & Tyagi,
2011). The most studied polymorphisms of the MTH-
FR gene are C677T within the catalytic domain of the
protein (exon 4) and A1298C within the putative regu-
latory domain (exon 7), they both affect the enzymatic
function and consequently lead to a high level of plasma
homocysteine. A1298C influences the specific activity of
the enzyme and also the folate concentration, but with
a lower impact than the C677T polymorphism (Neagos
et al, 2012). A reduced MTHFR activity results in an
increased requirement for folic acid to maintain homo-
cysteine remethylation, which has been considered a risk
factor for nondisjunction (Kaur & Kaur, 2013). The cur-
rent work aimed to study the MTHFR gene C677T and
A1298C polymorphisms in TS patients and their moth-
ers and to correlate these polymorphisms with the ma-
ternal risk of TS offspring.

SUBJECTS AND METHODS

Subjects

The study protocol was approved by the Medical Re-
search Ethics Committee of the National Research Cen-
tre. The study consisted of 4 groups; 33 patients with
TS diagnosed by clinical evaluation and karyotyping, 30
mothers of the TS patients (age from 16 to 39 years), 15
healthy females and 15 healthy mothers. Controls were
age matched to cases and mothers. The cases were re-
cruited from the outpatient clinic, Clinical Human Ge-
netics department, National Research Centre, Cairo,
Egypt. Written informed consent was obtained from all
participants or their parents.
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Science Software program; S.D., standard deviation
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Methods
Clinical evaluation. Patients were subjected to pedi- \AGAAAGT GT -AAGAAAGTC

gree construction up to three generations including con-
sanguinity and similarly affected family member. Clinical
examination including systemic examination of all body
systems was also performed to exclude congenital heart
diseases, kidney affection or others. Special examination
was performed to evaluate the characteristic stigmata of
Turner Syndrome. Full anthropometric data were ob-
tained for each subject including weight, height and head
circumference.

Cytogenetic study. Patients were subjected to stand-
ard cytogenetic analysis to establish their karyotypes in
addition to FISH analysis to detect hidden mosaicism.
Peripheral blood samples were cultured, harvested, and
G-banded according to (Gosden ef al, 1992; Verma &
Babu, 1995).

Molecular investigation. Genomic DNA was isolat-
ed from 200 ul of peripheral blood using a commercial
DNA isolation kit (QIAamp DNA Blood Kit; Qiagen).

MTHFR C677T genotyping. The following prim-
ers were used: forward: 5-TGA AGG AGA AGGTGT
CTG CGG GA-3, reverse: 5-AGG ACG GTG CG-
GTGA GAG TG-3 (Frosst e al., 1995). PCR was per-
formed in a final reaction volume of 50 pl containing 10
ul genomic DNA (1 pg/50 pl), 20 ul of Qiagen master
mix, 2 ul of each primer (40 pmol/50 pl). Amplification
was carried out in a thermal cycler (Biometra, Gottingen,
Germany) with 5 min denaturation at 95°C, followed by
35 cycles of 1 min at 95°C, 1 min at 61°C and 1 min at
70°C, followed by a final extension for 7 min at 70°C.
The amplified products were digested with HinfI restric-
tion enzyme and visualized in a 3% agarose gel with
ethidium bromide. Wild types (677CC) produced a sin-
gle band at 198 base pairs (bp) after Hinfl digestions.
Heterozygotes (677CT) produced 198-, 175-, and 23-bp
bands, while homozygous mutants (677TT) produced
175- and 23-bp bands (Fig. 1).

MTHFR A1298C genotyping. The following prim-
ers were used: forward: 5-CTT TGG GGA GCT GAA
GGA CTA CTA C-3, 1298 reverse: 5-CAC TTT GTG
ACC ATT CCG GTT TG-3 (Frosst et al., 1995). The
PCR conditions wetre: 2 min denaturtion at 92°C, fol-
lowed by 35 cycles of 1 min at 92°C, 1 min at 54°C and
30 s at 72°C, followed by a final extension for 7 min at
72°C. A band of 163 bp was generated. Direct sequenc-
ing was done to detect different genotypes (Fig. 2).

DNA sequencing. The MTHFR A1298C region am-
plified products were subjected to DNA sequencing. The
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Figure 1. C677T polymorphism analysis of methylenetetrahydro-
folate reductase gene (MTHFR) amplicons by agarose gel elec-
trophoresis after restriction endonuclease digestion (RFLP).

PCR products were digested with Hinfl revealing genotypes CC
(Wild type 198 bp), CT (175 bp and 198 bp) and TT (175 bp). Lane
1: homozygous (TT), lanes 2,5: heterozygous (CT), lanes 3,4: ho-
mozygous wild type (CC), M: Mwt ladder.

Figure 2. Sequencing chromatograms of A1298C MTHFR gene
polymorphism
(a) genotype 1298AA (b) genotype 1298CC, (c) genotype 1298AC

PCR products were purified by QiaQuick PCR purifica-
tion kit (Qiagen, Valencia, CA, USA), sequenced with
ABI Big Dye Terminator Cycle sequencing chemistry
and the products were analyzed on an ABI 310 DNA
sequencer (Applied Biosystems, Foster City, CA, USA).
The sequencing chromatograms were compared with the
corresponding wild type using sequence analysis software
(Applied Biosystems).

Statistical analysis. Pre-coded data was analyzed sta-
tistically by the Statistical Package of Social Science Soft-
ware program (SPSS), version 21. Data was summarized
using frequency and percentage for qualitative data or
mean and standard deviation for quantitative ones. Com-
parison between groups was performed using Chi square
test or Fisher’s exact test for qualitative data. Spearman
correlation coefficient was calculated to clarify the asso-
ciation between ordinal and quantitative variables. P val-
ues less than 0.05 were considered statistically significant.

RESULTS

The frequency of MTHFR 677CC, CT and TT geno-
types in the patients with Turner Syndrome was 57.6%,
39.4% and 3%, respectively. In the control group, only
genotypes 677CC and 677CT were found at 73.3%
and 26.7%, respectively. The frequencies of genotypes
1298AA, AC and CC in patients were 24.2%, 69.7%
and 6.1%, respectively. In controls, 1298CC was ab-
sent while AA and AC were at 26.7% and 73.3%, re-
spectively. The distribution of the 677C allele among
patients was 77.3% and 86.7% in controls while the T
allele was at 22.7% in patients and 13.3% in controls.
The 1298C allele frequency was 40.9% in patients and
36.7% in the control group. No significant difference in
the distribution of the risk alleles was found between TS
patients and controls. By analyzing the combined effects
of both the MTHFR gene variants it was found that the
MTHFR 677CC/1298AA genotype was less frequent in
patients than in controls (9.1% and 13.3%, respectively).
The 677CC/1298AC genotype was also less frequent in
patients (42.2%) than in controls (60%). The frequency
of double heterozygosity (677CT, 1298 AC) was higher in
patients (24.2%) than in controls (13.3%). The genotypes
677CT/1298CC, TT/AA and TT/CC were absent in
both patients and controls. No significant difference was
observed in the distribution of the combined genotypes
between TS patients and controls. The distribution and
allele frequencies of the MTHFR CG677T and A1298C
genotypes in the mothers of TS patients and controls
is shown in Table 1. There were no significant differ-
ences in genotype distributions of the C677T polymor-
phism between the TS mothers and controls (p=1). The
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Table 1. MTHFR C677T and A1298C genotypes and allele fre-
quency in TS mothers and controls.

Table 2. Correlation between mothers’, fathers’ age and inci-
dence of risk alleles for both MTHFR gene polymorphisms

Controls

TS (n=30) (n=15) P value
N % N %
C677T genotypes
cC 23 76.7 12 80.0 1.0
cT 7 233 3 20.0 1.0
T - - - - 1.0
C677T allele
C 53 88.3 27 90.0 1.0
T 7 17 3 100
A1298C genotypes
AA 5 16.7 4 26.7 0.002
AC 25 833 11 73.3 0.0020
ccC - - - - 1.0
A1298C allele
A 35 58.3 25 833 0.02
C 25 417 5 16.7

*Fisher's exact test

1298AA and AC genotypes were significantly more fre-
quent in TS mothers than in control mothers (p=0.002).
The 1298C allele was significantly more frequent in the
TS mothers than in controls (p=0.02). The incidence of
the risk allele 1298C in TS patients was increased with
increasing age of both mothers (p=0.026) and fathers
(p=0.044) while no correlation was found between the
MTHFR gene C677T polymorphism and the age of
mothers or fathers (Table 2).

DISCUSSION:

The T variant at nucleotide 677 (MTHFR 677C>T)
and the C wvariant at nucleotide 1298 (MTHFR
1298A>C) have been described to reduce MTHFR activ-
ity (Finkelstein, 1990). Hobbs ez a/. (2000) reported that
pericentromeric DNA methylation is of extreme impor-
tance for chromosome stability and normal segregation.
Stern e al. (2000) investigated whether the MTHFR gene
mutation CG677T affected genomic DNA methylation
and found that individuals with the mutated genotype
have a greater capacity to receive the methyl group than
normal individuals, indicating hypomethylation in geno-
type 677TT. Turner Syndrome could be a model for the
investigation of MTHFR gene polymorphism associated
with somatic chromosomal nondisjunction due to the
high frequency of chromosome mosaicism in Turner
patients (Santos e7 al, 2006). They studied 49 Turner
Syndrome patients and 200 controls and found a high
frequency of the 677T allele, concluding that when ho-
mozygous this mutation could enhance somatic chromo-
somal nondisjunction by the depletion of MTHFR activ-
ity in Turner patients. In contrast, Oliveira e al. (2008)
did not find a positive correlation between the C677T
polymorphism of the MTHFR gene and chromosome
nondisjunction in Turner Syndrome patients. In contrast,
the 1298CC genotype was more frequent in patients with
Turner Syndrome, suggesting its involvement in chromo-

Mother age Father age

rho P-value rho P-value
TS patient 677T allele 0.150 0.438 0209 0115
TS patient 1298C allele 0.412 0.026 0377 0044

rho = Spearman correlation coefficient.

somal imbalances. Also a study by Kim ez a/. (2011) on
Korean patients found that the MTHFR 1298A>C poly-
morphism was significantly associated with an increased
risk for spontaneous abortion with fetal chromosomal
aneuploidy. The results obtained in our study are not in
accord with the earlier findings; we found that genotype
and allele frequencies of both C677T and A1298C were
not significantly different between TS patients and con-
trols. Also there were no significant differences in the
C677T genotype distribution between the TS mothers
and controls. In turn the 1298AA and AC genotypes
were significantly more frequent in TS mothers than in
control mothers.

Chango e al. (2005) studied the C677T MTHFR
polymorphism in a French population and, in accord-
ance with some other studies, could not establish a
correlation between TT and homocysteine level, sug-
gesting that the high folate intake in France may nullify
any effect of this deleterious genotype. Similar results
have also been found in an Italian study conducted by
Bosco et al. (2003). Both studies support the concept
that the Mediterranean diet high in folate could nullify
a possible effect of MTHFR polymorphism on the risk
of chromosomal aneuploidy development. These results
are also consistent with the low frequency of neural-
tube defects in both countries (James, 2004). The fact
that the results of different studies are conflicting and
inconsistent can be explained by several factors: (1) de
novo mutations affecting natural selection; (2) popula-
tion migration resulting in genetic imbalance; and (3)
genetic drift, whereby random fluctuations can skew
allele distribution in a small study group; large co-
hort studies would be valuable for establishing exact
frequency of the MTHFR polymorphisms (Song &
Elston, 2006; Sadiq e al, 2011). Some authors suggest
that these results are due to differences in linkage dis-
equilibrium in the MTHFR locus and the different diet
of the populations studied (Weisberg ez al, 1998; Ol-
iveira ef al., 2012 ).

The only well established risk factor for commonly
occurring chromosomal syndrome with a variable mag-
nitude is advanced maternal age (Risch e/ al, 1986;
Mortton et al., 1988; Hecht & Hook, 1996). Recent
studies have shown that the oocyte quality has some
age-related dysfunctions which can explain the ‘mater-
nal age effect’, especially disturbances of the mitochon-
drial function and thereby a loss of the energy neces-
sary for proper oocyte functioning (Wang e# al., 2009).
Notably, an absence of a parental age effect has also
been reported (Loughlin ez a/, 1991). A study conduct-
ed by Suttur e al. (2010) reported that young moth-
ers more frequently give birth to babies with chro-
mosomal syndromes. The results of our study revealed
that the association of parental MTHFR gene A1298C
polymorphism in the TS is increased with an increasing
age of both mothers (p=0.026) and fathers (p=0.044)
of patients.
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CONCLUSION

Our findings suggest strong association between ma-
ternal MTHFR A1298C polymorphism and risk of hav-
ing TS offspring in the studied Egyptian cases.
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