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Maternal MTHFR interacts with the offspring’s BCL3
genotypes, but not with TGFA, in increasing risk to
nonsyndromic cleft lip with or without cleft palate
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The 677 C-T polymorphism in the 5-10 methylenetetrahydrofolate reductase (MTHFR) gene has been
associated with nonsyndromic cleft lip with or without cleft palate (CL/P) in some populations, but not
others. Previous studies (ie, case–control and transmission disequilibrium tests (TDT)) in Brazilian families
with CL/P have been unable to replicate this putative association. However, our group observed a lower
proportion of CT heterozygotes among the mothers of CL/P probands, suggesting that the maternal
genotype for this polymorphism might influence predisposition to CL/P. In order to further examine this
issue, we performed a case–control study of the 677 C-T/MTHFR polymorphism in families with CL/P
ascertained in two regions of Brazil: 172 from São Paulo (SP) and 252 from Ceará (CE). The control samples
included 243 individuals from SP and 401 from CE. TDT was carried out in 102 patients with CL/P and their
parents. No evidence of an association was observed between the 677 C-T/MTHFR polymorphism and
CL/P using the case–control design, while borderline significance was obtained with the TDT (P¼ 0.055).
We have also looked for an interaction between maternal MTHFR genotypes and the propositi offspring’s
genotypes at two candidate susceptibility loci for CL/P, TGFA and BCL3. Interestingly, we observed an
interaction between the maternal MTHFR and offspring’s BCL3 genotypes (OR: 2.3; 95% CI: 1.1–4.8;
P¼0.03) but not with the offspring’s TGFA genotypes. Therefore, our results reinforce the idea that the
maternal MTHFR genotype plays a significant role in susceptibility to CL/P, but its teratogenic effect
depends on the genotype of the offspring.
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Introduction
Nonsyndromic cleft lip with or without cleft palate (CL/P)

is a common malformation that affects approximately one

in every 600 newborn babies.1 The inheritance of CL/P is

complex and environmental and genetic factors are

implicated in its occurrence.2 – 4

Deficiency of nutritional folic acid during embryonic

development has been proposed as a candidate environ-

mental factor in the etiology of CL/P, but the results of

several studies are inconsistent.5 – 9 It has also been

hypothesized that genetic variants in the enzymes con-

trolling folate metabolism might play a role in the

susceptibility of oral clefts. Two functional variants
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(677C-T and 1298A-C) in the 5-10-methylenetetrahy-

drofolate reductase (MTHFR) gene have been widely

studied. The 677 T allele is associated with a more

thermolabile enzyme with reduced activity and TT homo-

zygotes have a decrease of folate concentration in serum,

plasma and red blood cells and a mild increase of plasma

homocysteine concentrations. The 1298C allele also results

in decreased MTHFR activity, but is not associated with

higher homocysteine or lower plasma folate levels. Tolar-

ova et al10 first observed that homozygotes for the 677 T

allele were three times more frequent in CL/P Argentinean

patients than in controls. However, these findings were not

confirmed by most of the subsequent studies.11,12 In a

previous study, we also did not observe evidence of an

association between the 677 T allele and CL/P in patients.

However, this polymorphism did not conform to Hardy–

Weinberg (H–W) expectations among mothers of patients

with CL/P with a marginal level of significance (w2¼4,3;

Po0.05). While this finding might be due to random

chance, it could also suggest that the maternal genotype

influences the predisposition to this malformation.13 An

increased risk due to the maternal MTHFR genotype (677 T

or 1282A alleles) on predisposition to CL/P was suggested

by others.14 – 17 Therefore, the role of MTHFR genotypes of

patients or of mothers of affected individuals in the

predisposition to oral clefts is still under discussion. In

view of the importance of elucidating this issue, we

analyzed the 677C-T/MTHFR polymorphism through

using the TDT and a case–control design in a large sample

of Brazilian patients ascertained in different regions of

Brazil (São Paulo (SP) and Ceará (CE)).

It is possible that the effect of some predisposing genes

will be detected only when interaction between loci or

with environmental factors are taken into account. There-

fore, we also tested the hypothesis of an interaction

between maternal MTHFR and CL/P offspring TGFA

(transforming growth factor alpha) or BCL3 (B-cell leuke-

mia/lymphoma-3) genotypes in the predisposition to

nonsyndromic clefting. TGFA and BCL3 are known

candidate susceptibility genes for CL/P; however, their

effect on CL/P risk remains controversial.4,18 – 22

Patients and methods
Families

The sample studied comprised 424 families with at least

one affected patient with CL/P: 172 from SP and 252 from

CE. The SP families evaluated in our genetic counseling

unit were referred to us from the plastic surgery clinics of

the Hospital Menino Jesus and from the Hospital das

Clı́nicas, School of Dentistry, University of São Paulo, SP,

Brazil. The families from CE were ascertained through the

Hospital Albert Sabin of Fortaleza during voluntary surgical

missions of Operation Smile. All the patients were

evaluated by at least one dysmorphologist who confirmed

their nonsyndromic status. Familial history was investi-

gated for each patient; 24% of cases (103/424) were

classified as ‘familial’, that is, there was at least one 1st or

2nd degree affected relative. Study participants were

classified as white and non-white (mulattoe and black)

using a well-known subjective classification.23

A total of 644 control individuals were included in the

analysis: 243 were relatives of patients with neuromuscular

disorders (mean age: 34710 years) ascertained in our

center at SP and 401 were healthy female subjects (mean

age 29.679.8 years) attending the Hospital Albert Sabin,

CE, for gynecologycal and obstetric routine. They had no

family history of CL/P and were matched to the cases and

their mothers by socio-economic status and ethnic back-

ground.

All the individuals included in this research signed an

informed consent in conformity with the regulations of

the local Institutional Review Board.

Genotyping of the 677C-T polymorphism in the
MTHFR gene

DNA was isolated from whole peripheral blood samples or

buccal swabs according to standard techniques.24,25 The

677 C-T/MTHFR mutation was detected using standard

protocols.26 All CT heterozygotes were also genotyped

using the SNuPE test (Single Nucleotide Primer Extension),

a semiautomatic method based on the primer extension

assay and analyzed at Megabace (Amersham-Biosciences).

The primer sequence used was 50GCTGCGTGCTGATG

AAATGC30.

Statistical analysis

For association between the disease locus and the candi-

date gene, the data were analyzed using the w2-test and

TDT.27 H–W equilibrium was tested according to the

method of Guo and Thompson28 and performed with the

help of the Arlequin software.29

We tested for the hypothesis of interaction between the

maternal 677T/MTHFR allele and the CL/P offspring C2/

TaqI allele at the TGFA locus (N¼ 274) or the CL/P

offspring 135 bp allele of the intragenic marker in the

BCL3 gene (N¼ 292). We also tested for interactions

between the 677T/MTHFR allele and the C2/TaqI–TGFA

or 135bp/BCL3 alleles in mothers of CL/P patients and

among the affected individuals. Some of the BCL3 and

TGFA data have already been included in previous

reports.20,22

Gene–gene interactions were tested using a two-step

approach. First, we applied a linkage disequilibrium test to

verify if a combination of alleles at two different loci is

preferentially present in the considered sample. The tested

markers were located in different chromosomes; thus, any

significant result would be due to an increased combina-

tion of genotypes in the tested samples and not to genetic

linkage. The tests were performed according to the method
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proposed by Slatkin and Excoffier30 with the help of the

Arlequin software.29 This method uses information of

genotypic data from two loci in the absence of information

on the gametic phase of alleles, assuming H–W equili-

brium. In the second step, to identify the high-risk alleles

for both loci, we performed the case-only method de-

scribed by Yang et al31 for four possible combinations,

where x in the BCL3 locus stands for any allele other than

the 135 bp allele, according to the different schemes of

dominance: (a) maternal 677C/MTHFR allele and off-

spring’s 135 bp/BCL3 allele; (b) maternal 677C/MTHFR

allele and offspring x/BCL3 allele; (c) maternal 677T/

MTHFR allele and offspring 135 bp/BCL3 allele; (d) mater-

nal 677T/MTHFR allele and offspring x/BCL3 allele. Under

the assumption of independent gene frequencies in the

population, the case-only design provides an estimate of

the ratio of the joint effect divided by the product of the

individual effects of each gene alone, which can be

regarded as effect measure modification of risk ratio on a

multiplicative scale or a gene–gene interaction of the risk

ratio.

The level of significance adopted for all analysis was

0.05.

Results
677 C-T allele prevalence by geographic region and
racial group

The genotypic frequencies of all groups were in H–W

equilibrium and did not differ between each of the groups

ascertained in the two different regions of Brazil (data

available upon request). Therefore we merged each cate-

gory ascertained in SP and CE respectively into three

groups (patients, n¼424; mothers of CL/P patients,

n¼336; and controls, n¼644; Table 1) in both the case–

control and the TDT analyses.

We observed a similar proportion of white and nonwhite

in all the sample groups (Table 1) and no statistical

difference in the TT genotype frequency (or allele 677 T

frequency) was observed between white and nonwhite in

each of the three groups (Table 1). Therefore, ethnicity was

not used in any further analysis.

Association studies between 677 C-T/MTHFR
polymorphism and CL/P

We did not observe a significant difference of the 677 T

allele or TT genotype frequencies between the CL/P

patients and controls (w2¼1.47; 2 df; P¼0.48). Gender,

type of cleft and number of affected individuals in the

family did not influence the results (data not shown). TDT

analysis was carried out in 102 trios, but only 62 were

informative. Marginally significant evidence of excess

transmission of the T allele at MTHFR was observed

(w2¼3.75, 1 df; P¼0.055).

Gene–gene interactions

We did not find any evidence of interaction between

maternal MTHFR genotype and offspring’s TGFA genotype

(exact P¼0.86); however, evidence of dependence with a

borderline level of significance was observed between

maternal MTHFR genotypes and offspring BCL3 genotypes

(exact P¼0.05). This effect was also observed through the

case-only method. As shown in Table 2, the most

significant result of allelic grouping of genotypes was

obtained when the presence of the maternal 677 T allele of

Table 1 Genotypes and allelic distribution of 677C-T/MTHFR polymorphism in patients, their mothers and controls

Categories Ethnic group
Genotypes N (%)

N
Allelic frequencies

H–Wa

CC CT TT C T

Patients Whites 168(49.5) 140(41) 32(9.5) 340
Nonwhites 39(58.2) 23(34.3) 5(7.5) 67
Unclassified 6(35.3) 9(52.9) 2(11.8) 17

Total 213(50.2) 172(40.6) 39(9.2) 424 0.71 0.29 w2¼0.25; 1 df; P¼0.61

Mothers Whites 126(53.6) 88(37.4) 21(9.0) 235
Nonwhites 40(51.9) 31(40.3) 6(7.8) 77
Unclassified 8(33.3) 12(50.0) 4(16.7) 24

Total 174(51.8) 131(39.0) 31(9.2) 336 0.71 0.29 w2¼0.77; 1 df; P¼0.38

Controls Whites 235(49.6) 202(42.6) 37(7.8) 474
Nonwhites 43(47.8) 39(43.3) 8(8.9) 90
Unclassified 49(61.3) 28(35.0) 3(3.7) 80

Total 327(50.8) 269(41.8) 48(7.4) 644 0.72 0.28 w2¼0.52; 1 df; P¼0.47

aH–W¼Hardy–Weinberg; Comparison between whites and non-whites; Controls: w2¼0.17; 2 df; P¼0.92; patients: w2¼1.74; 2 df; P¼0.42;
mothers of CL/P patients: w2¼0.24; 2df; P¼0.89.
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MTHFR locus was assessed with the offspring non 135 bp/

BCL3 alleles (odds ratio (OR)¼2.3, P¼0.03, 95% CI¼1.1–

4.8; Table 2). No evidence of interaction was observed

between MTHFR and TGFA in mothers of CL/P patients

(n¼77; exact P¼ 1.0) or in affected propositi (n¼263;

exact P¼ 0.65). A similar search for interaction among

MTHFR and BCL3 genotypes among 274 children (exact

P¼0.85) and 82 mothers (exact P¼0.42) yielded no

statistically significant evidence of association.

Discussion
677 C-T allele prevalence in controls from SP and CE

The ethnic origin of the Brazilian population is highly

heterogeneous with three major components: Latin-Eur-

opean whites, Afro-Brazilian blacks and Amerindians. The

prevalence of homozygotes for the allele 677T/MTHFR is

higher among nonmixed white people (10%) and con-

siderably lower among black persons (1.45%) and Amer-

indian Brazilian groups (1.2%).32,33 The similar frequency

of the TT genotype (or 677 T allele) between white and

nonwhite observed in the present study should reflect the

large racial admixture of the Brazilian population, as

reported by others who also studied a mixed Brazilian

population.34

Genetic selection associated with the TT MTHFR geno-

type, including a decreased viability in utero for female

677 T homozygote fetuses, has been suggested by some

authors.35 The finding that all samples are in H–W

equilibrium together with the observation that the percen-

tage of female CL/P cases did not differ by MTHFR

genotype (data not shown) do not support selection of

TT genotype in our samples.

677 C-T/MTHFR polymorphism as a susceptibility
factor for CL/P

Our case–control study and TDT results suggest that the

677T/MTHFR allele alone does not have a strong genetic

effect on cleft susceptibility at the at-risk embryo. This is in

agreement with most of the published literature, including

our previous report.11 – 17,36

The MTHFR maternal genotype distribution observed in

the present study is comparable to that in controls and it is

in H–W equilibrium, suggesting that the slight deviation

of H–W in mothers of CL/P offspring previously reported

by us is likely to be a spurious result. Martinelli et al14

observed a significantly higher frequency of the mutant T

allele in mothers of CL/P as compared to controls, while

others observed this distortion only when the families were

subdivided by parental affection status15 or when haplo-

types at the MTHFR locus were analysed37 or if the mothers

had a low periconceptional folate intake.17 Still others,

found that mothers carrying either one or two copies of the

677 C-T variant presented a reduced risk to CL/P in the

child in a dose-dependent manner.16 In summary, the

contribution of the maternal MTHFR genotype to predis-

position of the orofacial cleft is still controversial; however,

the majority of the studies agree that the developing

embryo’s MTHFR genotype has little contribution to the

risk of this malformation.

Gene–gene interactions

It is possible that the effect of some predisposing genes will

be observed only if analyzed in conjunction with other loci

or with environmental factors. We can consider the

maternal genotype as an environmental factor, whose

effect would be indeed an increase or decrease of

substances that can act in embryo development. Taking

this into account, the analysis of the effect of maternal

genes is of particular interest, particularly those that

metabolize essential nutrients, which might play an

important role during early stages of the developing

embryo. In the present study, we investigated the possible

interaction of the maternal MTHFR genotype with TGFA or

BCL3 genotypes of their offspring with CL/P.

Ardinger et al18 first reported an association between the

rare allele of TaqI/C2 RFLP (restriction fragment poly-

morphism) at the TGFA locus and CL/P in a case–control

study. These findings were replicated in some studies, but

there have been a growing number of reports not

confirming this association (revised in).4,22 Considering

that deficiency of folate would cause an impairment on cell

proliferation or migration during embryogenesis, we

hypothesized that the presence of a maternal CT or TT/

Table 2 Maternal MTHFR and offspring BCL3 genotypes

Maternal MTHFR genotype
Offspring BCL3 genotypesa

135bp/135 bp 135bp/x x/x

CC 74 63 12
CT 44 51 13
TT 13 11 5
Total 149 114 29

Maternal MTHFR genotype Offspring genotypesb

135bp/x x/x

CC 137 (91.9%) 12 (8%)
CT+TT 119 (83%) 24 (16%)

We are showing the raw data and the grouping that showed a
significative interaction between maternal MTHFR and offspring’s
BCL3 genotype.
aThe BCL3 genotypes were merged in three classes (135bp/135bpb,
135bp/x and x/x) where 135bp denotes the allele most frequent and
x denotes, any other allele at the BCL3 locus. For odds ratio estimates,
four groupings were performed: (a) maternal 677C/MTHFR allele and
offspring’s 135bp/BCL3 allele; (b) maternal 677C/MTHFR allele and
offsprings x/BCL3 allele; (c) maternal 677T/MTHFR allele and off-
springs 135bp/BCL3 allele; (d) maternal 677T/MTHFR allele and
offsprings x/BCL3 allele.
bOR: 2.3; 95% CI: 1.1–4.8; P¼0.03.
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MTHFR genotype together with the embryo C1C2/TGFA or

C2C2/TGFA genotypes may favor the occurrence of CL/P.

We did not observe any interaction between maternal

MTHFR and TGFA offspring genotypes. Therefore, our data

further confirm that TGFA is not an important suscept-

ibility or modifier locus for orofacial clefts, at least in our

population.

BCL3, a proto-oncogene at 19q13 that encodes a member

of the IkB protein family of inhibitors of NF-kB that might

be involved with cell proliferation, differentiation and

apoptosis,38,42 has been considered a susceptibility locus

for CL/P.19,20,39 – 41 In most of the association studies, it has

been observed that the 135 bp/BCL3 allele segregates more

often to CL/P offspring than the other alleles. Because the

135 bp allele is, by far, the most frequent allele in all the

populations studied to date, it is very likely that the

associations reported of CL/P with this allele are mainly

due to its high frequency and not to a causal effect. As we

have suggested earlier,20 multiple predisposing mutations

may exist close to or within the BCL3 locus, because a

specific haplotype with markers of this region in significant

linkage disequilibrium with CL/P has not been found.

The case-only analysis in Table 2 suggests a possible

interaction between maternal MTHFR genotypes and the

child’s BCL3 genotype. Significant disequilibrium between

the two loci may also be the result of populational

admixture. However, this effect would also be produced

when the loci were analyzed in people of the same

generation. Once we have only observed disequilibrium

between the maternal MTHFR genotype and the propositus

genotype of BCL3, the hypothesis of an admixture effect

can be discarded.

The pathogenic mechanism by which a decrease in folate

exerts its detrimental effect is not well understood. Folate is

of fundamental importance in the synthesis of purines and

pyrimidines, which are the basic compounds of DNA and

tRNA. Therefore, a folate deficiency will easily influence

cell multiplication processes. On the other hand, homo-

cysteine is the demethylated derivative of methionine,

which is, after conversion to S-adenosylmethionine, the

most important methyl group donor in the body. Hypo-

methylation can change the transcriptional level of some

genes that might interefere in the cleft and lip morphogen-

esis.43 Less functional MTHFR in the mother will lead to an

increase of homocysteine plasma maternal level, which

can enter the amniotic fluid of the developing fetus at

levels correlating with those of their mothers. In these

cases, high homocysteine levels in the embryo may disrupt

the normal palate development, which might be through

apoptosis induced by oxidative stress.43,44 Therefore, based

on the data reported here, it is reasonable to speculate that

slightly higher maternal homocysteine levels might be

teratogenic possibly depending on the fetus genotype and

fetal BCL3 gene expression might be regulated by the

homocysteine metabolic pathway.

In conclusion, this study points to the importance of the

maternal MTHFR genotype on the predisposition to this

malformation. In addition, the effect of the maternal

MTHFR genotype depends on the embryo genotype at

other loci, as expected in a multifactorial inheritance. It

would be important to review the strategies used to

identify the loci predisposing for oral clefts or other

malformations with complex inheritance as well as to

better investigate the possible biochemical relationship

between homocysteine metabolism and BCL3 gene expres-

sion. In order to validate our findings, it is also important

to verify the expression pattern of BCL3, MTHFR during

the early stages of embryonic development.
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Concórdia, Santa Catarina, and Hospital Albert Sabin, Ceará, Brazil
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