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Association between 5,10-Methylenetetrahydrofolate
Reductase C677T Polymorphisms and conotruncal
heart defects in Chinese children

Fang LIU, Ping BAI, Shu-Bao CHEN, Wen-Juan QIU, Xiao-Qing LIU, Ya-Fen ZHANG.

Department of Pediatrics, Shanghai Children's Medical Center, Xinhua Hospital ,
Shanghai Second Medical University, Shanghai 200092, China

Abstract: Objective To explore the role of 5, 10-methylenetetrahydrofolate reductase ( MTHER ) C677T
polymorphisms in Chinese children with conotruncal heart defects (CTD) . Methods A total of 97 children with CTD and
118 healthy controls were recruited into the study. MTHER genetic C677T polymorphisms were determined by PCR-RFLP.
The 677TT genotype was compared between the two groups. Results The frequency of the TT genotype and T allele in
CTD patients was 24.7% and 52.6% , respectively, which was significantly higher than that of controls (13.6% and
42.8% ) (P = 0.036, P = 0.043, respectively). In patients with tetralogy of Fallot, coarctation of aorta or interruption
of aortic arch, the frequency of the TT genotype varied between 29.7% and 40.0% . Conclusions MTHFR gene is
associated with CTD, and 677TT genotype might be a risk factor for congenital heart malformations.
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Most of congenital heart diseases result from the
interaction between genetic predisposition and environ-
mental factors. Conotruncal heart defects (CTD) are a
group of severe, complex congenital heart disease with

cyanosis and hypoxemia, which include tetralogy of
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Fallot (TOF) , double-outlet right ventricle (DORV) ,
persistent truncus arteriosus ( PTA ), transposition of
the great arteries (TGA) and aortic arch anomalies.
Up to now, the cause and pathogenesis of CTD in neo-

nates have not been very clear.
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Use of folic acid to supplement periconceptional
maternal diet is known to reduce the risk of occurrence
of congenital malformation which contains neural tube
defects, urinary tract defects cardiovascular
1. Folic acid the
homocysteine metabolism, in which the methylenetetra-
hydrofolate reducatase ( MTHFR) is a key enzyme.
The MTHFR gene is located on the short (p) arm of

chromosome 1 at position 36. 3. The major product of

and

. e . . .
malformations" is involved in

the MHTFR gene in humans is a catalytically active
74.6KD protein,
10-methylenetetrahydrofolate into 5-methyltetrahydrofo-
late. The MTHFR 677C—T polymorphism results in

conversion of an alanine to a valine, resulting in a

catalyzing the reduction of 5,

“thermolabile” variant of the enzyme. Individuals who
are homozygous for the thermolabile variant of MTHFR
(TT) have an increased risk of hyperhomocysteinemia
and lower levels of folate in plasma and red blood

cellst*

. It has been demonstrated that hyperhomocys-
teinaemia is an independent risk factor for inducing
congenital defect and cardiovascular diseases'®’’. This
experiment aimed to study the relation between
MTHFR gene C677T mutation and CTD in Chinese

children.
Subjects and methods

Subjects

A total of 97 Chinese children with CTD admitted
to Xinhua Hospital and the Children’s Medical Center
of Shanghai Second Medical University (61 males and
36 females aged 1 month -15 years, with a mean age of
3.3 + 3.8 years) were enrolled in this study. CTD
was confirmed by clinical findings, echocardiography,
A total of 118

healthy children from the same geographic area were

heart catheterization and operation.

used as controls.
Methods

White blood cells were isolated from EDTA-trea-
ted venous blood using routine measurements of hema-
tology. The genomic DNA was phenol-chloroform
extracted, anhydrous alcohol precipitated, dissolved in
TE buffer, then quantitated by ultraviolet spectropho-
tometer. The genotypes were detected by polymerase
chain reaction-restriction fragment length polymorphism
(PCR-RFLP), and were PCR amplified using pl
primer 5'-TGA AGG AGA AGG TGT CTG CGG GA-3’
and p2 primer 5'-AGG ACG GTG CGG TGA GAG
TG-3'"*".  Each pl. DNA
template, 2.5 L 10 x reaction buffer, 1 pL 10 mM

reaction contained 1

dNTPs, Taq polymerase (3 U/pL), 1 uL pl and p2
primers ( 12.5 pmol/ L) respectively and double dis-
tilled water to a final volume of 25 pL. PCR was
performed as follows: denaturation at 94°C for 5 minutes
followed by 35 cycles of denaturation at 94°C (30 sec-
onds) , annealing at 62°C (45 seconds) and extension
at 72°C (45 seconds) ,the final extension was at 72°C
for 10 minutes. The PCR products were 198 bp and
were digested with Hinfl for 16 hours at 37°C. PCR
fragments were electrophoresis on a 10% polyacrylam-
ide gels for 2 hours, then stained with silver.
Statistical analysis

Using SPSS version 10.0 statistical software,
genotype frequencies in patients and controls were com-
pared by x° analysis or Fisher’s exact test. An odds
ratios (OR) and 95% confidence intervals (CI) were

calculated.

Results

MTHEFR gene polymorphism

PCR products were analyzed by electrophoresis in
a 2% agarose gel. A clear strip of 198bp was ob-
served. After digestion with Hinfl restriction enzyme,
products were analyzed by electrophoresis in a 10%
polyacrylamide gel. Three kinds of genotype could be
classified ;: homozygotic mutation TT genotype with one
fragment of 175bp, normal CC genotype with one frag-
ment of 198bp and heterozygotic mutation CT genotype
with two fragments of 198bp and 175bp (Figure 1).

Figure 1 Result of polyacrylamide gel electrophoresis

1 Negative control; 2, 7 CC normal homozygote; 3, 5 CT hete-

rozygote; 4, 6 TT homozygosis mutation

Table1 MTHFR gene polymorphism test for Hardy-Wein-
berg equilibrium in the Control group (n=118)

Genotype
CC CT TT
Expected value 39 58 22
Observed value 33 69 16
Hardy-Weinberg equilibrium test
Genotype distribution of MTHFR-677 in the
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Control group is shown in Table 1. Statistical analysis
confirmed its accordance with Hardy-Weinberg law of
genetic equilibrium (x* = 2. 40, P > 0.05), which
indicated that cases were sampled from a same popula-
tion of genetic equilibrium.

Genotype distribution in the CTD group and Con-
trol group were also in accordance with the Hardy-
Weinberg law of genetic equilibrium (x> = 5.20,P >
0.05), suggesting that cases were sampled from a

same population.

Table 2 MTHFR genotype and allele frequencies in the
CTD and Control groups
Genotype Alleles
Group n
CC(%) CT(%) TT(%) C(%) T(% )

Control 118 33(27.9) 69(58.5) 16(13.6) 135(57.2) 101(42.8)
CTD 97 19(19.6) 54(55.7) 24(24.7) 92(47.4) 102(52.6)

Allele frequency of C/T in MTHFR-677
Compared with the Control group, the CTD group

had a higher TT homozygotic mutation frequency
(24.7% vs 13.6% , x* = 4.40,P = 0.036, OR =
2.1,95% CI 1.04-4.22) and a higher T allele fre-
quency (52.6% vs 42.8% , X2 =4.09,P = 0.043,
OR =1.5,95% CI1.01-2.17 )(Table 2).
Comparison of TT genotype frequency on CTD
categories

CTD was classified into subgroups in order to
analyze the TT genotype frequency in different CTD. It
was noticed that in most subgroups of CTD, the
MTHFR-677 TT genotype frequency was higher than
that of the Control group. The MTHFR-677 TT
genotype frequencies were relatively higher in patients
with interruption of aortic arch, coarctation of aorta and
tetralogy of Fallot (40.0% , 37.5% and 29.7% re-
spectively) as well as the OR value of relative risk
(4.3, 3.8 and 2.7 respectively). A significant differ-
ence was observed between the cases of tetralogy of
Fallot and the Control group (P = 0.024). See Table
3.

Table 3 Comparison of the MTHFR-677 TT genotype frequency in the control group and the subgroups of CTD

Group n 677TT( % ) OR(CI) P

Control 118 16(13.6) - -

CTD 97 24(24.7) 2.1(1.04-4.22) 0.036
Tetralogy of Fallot 37 11(29.7) 2.7(1.12-6.50) 0.024
Double-outlet right ventricle 17 4(23.5) 2.0(0.57-6.77) >0.05
Transposition of the great arteries 15 3(20.0) 1.6(0.41-6.28) >0.05
Coarctation of aorta 8 3(37.5) 3.8(0.83-17.58) >0.05
Interruption of aortic arch 5 2(40.0) 4.3(0.66-27.44) >0.05
Ventricular septal defect (sub-PA) 7 1(14.3) 1.1(0.129.41) >0.05
Persistent truncus arteriosus 2 0 -

Pulmonary artery atresia/ intact ventricular septum 3 0
Malposition of great artery 1 0
Other 2 0

also significantly increased (35% vs 13% ). Junker''"

Discussion reported that in 114 children with congenital heart

Since the first report of the association between
congenital neural tube defects and MTHFR gene C677T
homozygotic mutation by van der Put'®' in 1995, suc-
cessive studies have indicated that the MTHFR 677TT
genotype is a risk factor for coronary heart disease, hy-
pertension, stroke and diabetes mellitus. However, it
is controversial whether the MTHFR C677T mutation is
related to the development of congenital heart diseases.
! reported that the

amniotic fluid homocysteic acid concentration in the

Wenstrom and  colleagues'’

mother of a fetus with congenital heart disease was
higher than that of normal controls and the MTHFR

C677T mutation frequency in amniotic fluid cells was

diseases, MTHFR gene 677TT homozygotic mutation
was detected in 18. 4% of the cases; while in 228
normal children it was only 9.2% (P <0.05). They
found that the 677TT genotype mutation frequency was
as high as 38% -67% in cases with pulmonary artery
stenosis, hypoplastic left heart syndrome and coarcta-
A study performed by YAN and
colleagues''"! suggested that the MTHFR 677 polymor-

phism was related to the development of patent ductus

tion of aorta.

arteriosus, atrial septal defect in the Chinese popula-
tion. However, there are contradictory opinions.
McBride! "’ reported that the MTHFR C677T mutation
was not related to congenital left ventricular outflow

obstructive diseases such as aortic valve stenosis, co-
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arctation of aorta and hypoplastic left heart syndrome.
Storti'"*! reported that the parental MTHFR gene poly-
morphism was unrelated to CTD in children in the
Italian population. They also found that the 677 T
allele frequency in the Italian population was higher
than that in other European countries. It was reported
that the MTHFR gene 677 C-T mutation frequency var-
ied between different races, countries, and regions' '
Embryonic development of the conotruncal heart,
which originated from a locus connect to the neural
tube develop site, is related to neural crest cells'”’.
Currently, the MTHFR gene 677TT genotype is consi-
dered as one of the pathogenesis factors of congenital
neural tube defects, therefore it is worthy to study
whether this mutation is related to the development of
the conotruncal heart. The current study was performed
to elucidate the MTHFR gene C677T mutation distribu-
tion in Chinese CTD patients. The results showed that
the allele frequency distribution of normal controls is in
accordance to the Hardy-Weinberg law of genetic equi-
librium, suggesting that the population studied posse-
sses a genetic equilibrium background and is represen-
tative. The comparison analysis indicated that the
MTHFR 677TT homozygotic mutation frequency as well
as T allele frequency in CTD patients were significantly
higher than that of controls. These results suggested
that the MTHFR 677TT genotype was more frequent in
CTD patients and there might be a potential relation-
ship between the genotype and CTD. A MTHFR 677TT
homozygotic mutation may cause hyperhomocysteinae-
mia, which may be related to the development of CTD.
The subgrouping analysis indicated that the MTHFR
677TT genotype frequency in most of the CTD patients
was apparently higher than that of controls, especially
in interruption of aortic arch, coarctation of aorta and
tetralogy of Fallot subgroups. As relatively higher OR
values were also observed in these subgroups, which

1 It was ob-

was similar to the findings of Junker'
served in this study that the 677TT genotype frequency
in patients with tetralogy of Fallot was significantly
different from that of the Control group, while not in
other CTD subgroups, which may be attributed to the
limited sample number for other groups. Further
studies are needed to address the question whether the
CTD patients with 677TT genotype are complicated by
hyperhomocysteinaemia.

Results of this study indicated that the MTHFR
gene is related to the development of CTD, and that
the 677TT genotype may be one of the risk factors of

congenital heart malformation. Screening of fetuses in

high-risk group, early acidum folicum supplement and
interference of multiple vitamins may be helpful to pre-

vent or reduce the development of CTD.
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