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Abstract

Background and aims. The aim of the present study is to determine the incidence of MTHFR C677 T and A1298C muta-
tions in Iranian patients with cleft lip and/or cleft palate.

Materials and methods. We screened 61 Iranian patients with cleft lip and/or cleft palate for mutations in the two alleles
of MTHFR gene associated with cleft lip and/or palate: A1298C and C677T, using Polymerase Chain Reaction following by
RFLP.

Results. The 677T and 1298C homozygote genotypes showed a frequency of 36.1% and 11.4%, respectively. Combined
genotype frequencies in newborns having oral clefts showed that the highest genotype was 677TT/1298AA (22.9%) and
677TT/1298CC genotypes were not observed.

Conclusion. The results showed that 65.6% of all patients had at least one T mutant allele in C677T and 58.9% C mutant
allele for A1298C. According to the frequencies of homozygosity of mutant alleles, it could be said that MTHFR genotype
of 677TT shows a greater role in having oral clefts.

Key words: A1298C, C677T, methylenetetrahydrofolate reductase, orofacial cleft, polymorphism.

sessed the prevalence.' Non-syndromic CL/P is be-

Introduction lieved to have a multifactorial threshold inheritance

left lip with or without cleft palate (CL/P) is one genetic model.”
the most common orofacial congenital defects Evidence shows that variations in genes associated
for which many epidemiological studies have as- with folate metabolism may greatly take part in the
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etiology of non-syndromic CL/P. Among genes re-
lated to folate metabolism, the methyletetrahydro-
folate reductase gene (MTHFR) has been shown to
be the most frequent one associated with non-
syndromic CL/P. This gene translates to an enzyme
which catalyzes the methylation of homocysteine
amino acid to methionine. Defects in this pathway
lead to metionine deficiency and the accumulation of
homocysteine.

Despite the critical role of methionine as an impor-
tant precursor in the DNA and RNA methylation
process, high serum homocysteine levels are terato-
genic during the embryogenesis.*” Two common
polymorphisms (C—T and A—C) exist within the
MTHFR gene at positions 677 and 1298, respec-
tively.'® Results regarding the association of MTHFR
gene polymorphism and the risk of nonsyndromic
CL/P have been contradictory. None of the previous
studies have examined Iranian patients. Therefore,
the aim of this study was to assess the role of
MTHFR C677T and A1298C in the development of
non-syndromic CL/P in an Iranian population.

Materials and Methods

Sixty-one patients with CL/P from those who were
referred to Mofid Hospital in Tehran, Iran, were se-
lected for the purpose of this study. The selected pa-
tients had non-syndromic cleft lip and/or palate;
those with other facial or skeletal malformations,
metabolic or neurologic disorders or anomalies of
other organs were excluded in case selection.

Ethical approval for the study was obtained from
the Ethics Committee of the Dental Faculty of the
Shahid Beheshti University of Medical Sciences.
Written informed consents were obtained from all
participants. In order to identify any possible prena-
tal contributory teratogenic factor that might have
influenced the development of CL/P, a detailed ques-
tionnaire was completed. The questionnaire was
modeled on the United States Centers for Disease
Control (CDC) questionnaire for risk factor surveil-
lance for birth defects. We asked all mothers for ma-
ternal illnesses, medication intake, history of abor-
tion, history of cardiovascular disease, smoking and
amount of folate intake during the periconceptional
period (ranging from 3 months prior to 1 month after
conception).

Blood samples were collected using a sterile 2-ml
disposable syringe. Blood samples were collected in
tubes containing 200 pl 0.5-M EDTA and stored at
—80°C until further analysis. Genotyping for C677T
and A1298C MTHFR gene mutations was performed
by enzymatic restriction digestion of PCR products
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with Hinfl and Mboll (Fermentas, Germany), re-
spectively.'"!?

For screening of the 677C—T and 1298A—C va-
riants in the MTHFR gene, exon 4 and 7 of the gene
were amplified by polymerase chain reaction (PCR)
following standard conditions and with the use of

modified primers: (4F:5'-
TCTTCATCCCTCGCCTTGAAC-3'; 4R:5'-
AGGACGGTGCGGTGAGAGTG-3' and 7F:5'-
CTTCTACCTGAAGAGCAAGTC-3' 7R:5'-
CATGTCCACAGCATGGAG-3', respectively).

DNA fragments were separated and visualized by
electrophoresis using 2% agarose gels.

Results

Sixty-one subjects were available for analysis. All
patients had Iranian background.

Tables 1 & 2 show the prevalence of different ge-
notypes for the C677T and A1298C polymorphisms.
The frequency of homozygosity for mutant T allele
in C677T is much greater than for mutant C allele in
A1298C (almost three folds).

Homozygosity for the C677T MTHFR SNP was
detected in 36.1%. The frequency of the C677T het-
erozygotes was 29.5%. Also, homozygosity for the
MTHFR A1298C SNP was detected in 11.4% of the
tested individuals. 47.5% were heterozygote for this
SNP.

Table 3 shows the prevalence of combined
C667T/A1298C genotype frequencies. The highest
prevalence was represented by the 677TT/1298AA
genotype combination (22.9%), while the
677TT/1298CC genotype was not observed.

Discussion

Over the last few years, impaired MTHFR has been
widely investigated in order to establish its potential
role as a risk factor or marker of cardiovascular dis-
ease, neural tube defects, cognitive disorders, and

Table 1. Genotype frequency of MTHFR C677T

genotype CC CT T
Count 21 18 22
% Within group 344%  29.5%  36.1%

Table 2. Genotype frequency of MTHFR A1298C

genotype AA AC CcC
Count 25 29 7
% Within group 40.9% 47.5% 11.4%

Table 3. Prevalence of combined genotypes

MTHFR __ CB677CN (%)  CB677T N (%)  T677T N(%)
AL298A 5 (8%) 6 (9.8%) 14 (22.9%)
A1298C 12 (19%) 9 (14.7%) 8 (13.1%)
C1298C  4(6.5%) 3 (4.9%) 0
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cancer,>'* despite the frequently conflicting litera-
ture.

The MTHFR C677T transition induces an enzyme
theromlability with an in-vitro reduced enzyme ac-
tivity ranging from 30-70% in hetero and homozy-
gotes, respectively.”” The MTHFR A1298C poly-
morphism has been less investigated; the 1298C al-
lele is responsible for reduced enzyme activity al-
though it is less deteriorating than the 677T allele.
The phenotypic expression of these mutations, espe-
cially for the 677T polymorphism can be conditioned
by environmental interactions. In this context, folate
is of great importance because an inadequate folate
intake in addition to reduced MTHFR activity could
facilitate the clinical expression of the MTHFR mu-
tation-disease association.'®

The genotype prevalence and allele frequencies of
the two polymorphisms have not been reported in
CL/P patients previously. In a study conducted by
Yanamandra et al,'” heterozygote (CT) and variant
homozygote (TT) frequencies of 677TC were 18%—
46%—45% and 0.9%21%—11%, respectively, for
African-American—Hispanics—Caucasians.  Further-
more, 677TT variant homozygote in Hispanic new-
born population was higher than other ethnic groups
which can explain the higher prevalence of neural
tube defects in this population.'” Another study in
Italy showed the prevalence of 677TT and 1298CC
genotypes was 25% and 47.1%, respectively.'®

To date, only a few studies have evaluated the
A1298C genotype prevalence all over the world.
Thus, the results must be confirmed by further larger
epidemiologic studies. Several studies describe the
absence of other combined genotypes such as the
677CT/1298CC and 677TT/1298AC, which we
found at low percentages (4.9% and 13.1%, respec-
tively).

Despite the concern for double heterozygosity of
the 677T and 1298C allele, our results are not in
agreement with previous studies. Although this
genotype combination has been proposed to predis-
pose a reduction in MTHFR activity of about 50%
and an increase in homocysteine level, the data do
not relate to children with oral clefts. Therefore, it
could be claimed that TT genotype is an important
factor in developing oral clefts, while polymorphism
in 1298AC does not have a critical role.” '* "

The present investigation is among the few studies
in this regard that have analyzed the prevalence of
MHTFR genotypes in a newborn population.”**'
Moreover, the present study evaluated the prevalence
of the two MTHFR polymorphisms in an Iranian
population with CL/P.

The close relationship between MTHFR polymor-
phisms, folate serum levels in mothers, and the risk
of orofacial clefts in children raises the question
about the use of dietary supplements containing folic
acid by pregnant women. The study of the preva-
lence of these polymorphisms in different geo-
graphical areas could be of interest in evaluating the
possible clinical application deriving from the pre-
ventive folate supplementation.
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