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Background: Nonsyndromic cleft lip with or without cleft palate (NSCL/P) is one of the most
common craniofacial malformations observed. Several studies suggest that the decrease in
folate has been associated with a higher risk of NSCL/P. The present study aimed to determine
the association of 5,10-methylenetetrahydrofolate reductase (MTHFR) C677T polymorphism
gene with the occurrence of NSCL/P in the Moroccan population.

Methods: MTHFR C677T was genotyped in 52 Moroccan patients and 182 unrelated controls,
using a PCR followed by restriction fragment length polymorphism.

Results: The results of the study revealed a genotypic and phenotypic distribution in equilibrium
with Hardy—Weinberg’s law (%’=0.36, P=0.55). The frequency of heterozygous genotype C/T
and the T allele in controls and patients were 40.7% vs 15.4% and 26%, respectively.
Conclusion: A low association was found between the C677T polymorphism of the MTHFR
gene and a risk for the development of NSCL/P in the Moroccan population (OR =0.24,
P=0.0005).
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Introduction

Cleft lip with or without cleft palate (CL/P) is one the most prevalent orofacial con-
genital diseases among children.!? The prevalence of oral clefts varies among different
ethnic groups, the highest in Asian populations, intermediate in Caucasian populations,
and its estimated prevalence is 1.23 per 1,000 live births in Morocco.? Nonsyndromic
CL/P (NSCL/P) is polygenic disease affected by both genetic and environmental fac-
tors.* The genomic revolution has led to major changes in our understanding of the
underlying genetics of NSCL/P.

Several lines of evidence have demonstrated a significant association between varia-
tions in genes related with folate metabolism, and elevated risk of oral clefts.> Among
genes correlated to folate metabolism, the 5,10-methylenetetrahydrofolate reductase
(MTHFR) has been shown to be the most frequent one associated with NSCL/P. This
gene is located on chromosome 1 at 1p36.3 and translates to an MTHFR enzyme that
catalyzes irreversible reduction of MTHFR to 5-methyltetrahydrofolate that produces
the methylation of homocysteine amino acid to methionine.® Defects in this pathway
encode a thermolabile enzyme, leading to reduced enzyme activity and decreased
plasma concentration of folate.” Many studies examined the association of MTHFR
gene polymorphisms and the risk of NSCL/P, but their data were contradictory.>® 12
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None of the previous investigations have examined Moroccan
patients. Therefore, the aim of this study was to assess the
relationship between the MTHFR C677T and the develop-
ment of NSCL/P in a Moroccan population.

Materials and methods
Sample study

This study was conducted in the Department of Pediatric Sur-
gery at University Hospital EL HAROUCH]I, in Casablanca
(Morocco), on a total of 52 patients with NSCL/P. The study
was approved by the Institutional Ethics Committee of the Fac-
ulty of Medicine and Pharmacy, Casablanca, Morocco, and it
was conducted in accordance with the Declaration of Helsinki.
Written informed consent was obtained from the parents or
guardians and/or the participants. All the patients were examined
clinically by two surgeons for their individual phenotypic char-
acteristics, and also a questionnaire of risk factor surveillance
for congenital malformation in accordance with US Centers for
Disease Control (CDC) was completed. Control patients did
not have physical or psychiatric diseases, history of congenital
malformations, or familial history of orofacial clefts.

Genotyping

From each study subject, a 2 mL blood sample was col-
lected into an EDTA vacutainer. Genomic DNA of the above
samples was isolated by standard protocols with phenol-
chloroform extraction and ethanol precipitation. Genotyping
for MTHFR C677T polymorphism was performed follow-
ing published PCR followed by restriction fragment length
polymorphism (PCR-RFLP) methods.'*!* The polymorphism
at position 677 in the MTHFR gene was studied by PCR fol-
lowed by Hinf I restriction enzyme digestion. The digested
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PCR products after separation on a 3% agarose gel, demon-
strated one band of 198 bp corresponding to the wild-type
homozygous (CC), three bands of 198, 175 and 23 bp for
the heterozygous (CT), two bands of 175 and 23 bp for the
mutated homozygous (TT).

Statistical analyses

Data were analyzed by using SPSS, version 16.0 (Chicago,
IL, USA). The results of continuous variables were expressed
as means = SD. MTHFR gene variants under investigation
were evaluated for deviation from Hardy—Weinberg equilib-
rium analyses (HWP) by comparing observed and expected
genotype frequencies by means of % test in case and control
groups. Odds ratios ORs and confidence intervals (Cls)
were calculated. The results were considered significant
at P<0.05.

Results

Fifty-two subjects were available for analysis. All patients
had a Moroccan background. The dosages of DNA extracted
show very different concentrations between 33 ng/uL for
sample 42 and 448 ng/uL for sample 4. However, we can see
that the majority of our samples have DNA concentrations
>100 ng/pL. Since the DNA concentrations and purity of
the samples are known, we will be able to easily adapt the
volumes to be used for PCR. The Hinf I RFLP analysis for
MTHEFR polymorphism is illustrated in Figure 1.

The frequency of homozygosity for variant C allele is
much greater than for variant T allele in C677T. Homo-
zygosity for the C677T MTHFR SNP was detected in
84.61%. The frequency of the C677T heterozygotes was
15.4% (Table 1).

198 pb

198 pb+175 bp

Figure | Results of the digested PCR products by Hinf | enzyme after separation on a 3% agarose gel. CC: homozygosity (198 pb); CT: heterozygosity (198 pb +175 pb);

MZ; marker size.
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Table | Distribution of MTHFR genotypes and alleles in children
with NSCL/P and control group

Genotypes Alleles Controls Cases
(N=180) (%) | (N=52)
5,10 MTHFR Cé77T | CC 97 (53.3) 84.6
CcT 74 (40.7) 15.4
TT 11 (6) 0
Callele 0.737 0.92
T allele 0.263 0.08

Abbreviations: CC, homozygous; CT, heterozygous; MTHFR, 5,10-methylenete-
trahydrofolate reductase; NSCL/P, non-syndromic cleft lip with or without cleft
palate; TT, mutated homozygous.

These results show a genotypic and phenotypic distribu-
tion of the C677T polymorphism in equilibrium with the
Hardy—Weinberg law (%*=0.36 and P=0.55).

The OR was 0.24 (OR<1), with a CI of 0.1050-0.5367.
The P-value for this statistic analysis was very significant,
at 0.0005 (P<0.05).

Discussion
NSCL/P is a multifactorial complex that results from inter-
action between genetic susceptibility and environmental
stimulus.” In this study, we investigated the association of
MTHFR C677T polymorphisms with the risk for NSCL/P in a
Moroccan population which may help for future diagnosis and
early treatment. Fifty-two genotyping was performed by the
PCR-RFLP method. The results for the MTHFR variant C677T
shows a C/T genotype frequency of 15.4% vs 40.7% in the
control population. In addition, the frequencies of the T allele in
our study as well as in the control population were, respectively,
0.08% and 26.3%. The control population consisted of 182
healthy patients!® and, by comparing the number of times the
T allele was observed in patients and in controls, we conclude
that there is an association, but not a strong one, between the
variant C677T MTHFR and the occurrence of NSCL/P (OR<1)
in the Moroccan population. There are few studies assessing
the association of C677T MTHFR polymorphism and risk for
NSCL/P, and the results are unclear. Reutter et al'” also found
that the MTHFR C677CT polymorphism does not make a
major contribution to the occurrence of nonsyndromic cleft lip
and palate in the Central European population. In this study,
a transmission imbalance test was also performed to define
any effect of maternal genotype on the occurrence of splits
in neonates. However, the results were not significant and,
therefore, showed no evidence of involvement of the maternal
genotype in the appearance of this malformation.
Furthermore, a study done by Mills et al'®* demon-
strated an association between cleft lip palate (CLP) and

methylenetetrahydrofolate dehydrogenase 1 in both cases
and case mothers in the Ireland population. We also observed
similar studies including populations from Norway!’ and
Iran'' did not support this finding. In fact, Jahanbin et al'!
conducted in Iran a study of 45 patients with NSCL/P as
well as 43 patient mothers and 101 unrelated controls.
This study supports a possible implication of the MTHFR
1298 A>C polymorphism, but not the 677C>T variation,
in the development of nonsyndromic orofacial clefts. In
disagreement with our result, Guo et al*® did not find any
significant relationship between the genetic polymorphisms
of MTHFR C677T and NSCL/P using the same genotyping
techniques. They conclude that variations in the MTHFR
gene do not contribute to the development of malformation
in the Chinese population.

Conclusion

In conclusion, our data do not suggest that MTHFR C677T is
an important risk factor in NSCL/P. However, we are limited
by the small sample of patients, which might decrease the
statistical power of our study; thus, we recommend further
larger studies to determine whether these or additional gene—
gene interactions are crucial in determining the probability
of carriers of MTHFR alleles presenting an increased or
reduced risk of nonsyndromic CL/P.
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