
The development of the head and face is one of

the most complex and tightly controlled events

during embryonic development. Disturbances

during the period critical for the formation of the

face (4–10 weeks for humans) may lead to

orofacial clefts (OFCs) (Rice 2005) which are

among the most common malformations in hu-

mans and, although surgically treatable, result in

lifelong medical and social consequences.

Clinically diverse OFCs are generally classified

as cleft palate only (CPO, MIM 119540), cleft lip

only (CLO, MIM 119530) and cleft lip with cleft

palate (CLP, MIM 119530). The latter 2 catego-

ries are often collectively referred to as cleft lip

with or without cleft palate (CL/CP), which is

a group of OFCs considered to be separate from

the CPO group. However, it is recognized that

there are many common pathways and cellular

mechanisms. OFCs have a wide geographic distri-

bution, with average birth prevalence in the world

ranging from 1/300 to 1/2500 births for CL/CP,

and around 1/500 births for CPO (Mossey and Lit-

tle 2002). The prevalence of OFCs in Lithuania,

1.84 per 1000 newborns (1/544 livebirths)

(Vasiliauskas et al. 2004), appears to be similar

as in other European populations.

The majority of OFC cases (~70%) are consid-

ered nonsyndromic (NS-OFC), where the clefts

occur without any other abnormalities. NS-OFC

arises as a complex multifactorial trait with a con-

siderable genetic component, together with envi-

ronmental overlays and stochastic factors (Murray

2002; Jugessur and Murray 2005). Extensive at-

tempts to reveal the genetic basis of NS-OFC are

being undertaken by using various approaches

(Jugessur and Murray 2005). As a result, over 30

potential candidate loci and candidate genes

throughout the human genome were identified

(some of them were identified in more than

1 study). The MSX1 (4p16.1), TGFA (2p13),
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TGFB1 (19q13.1), TGFB2 (1q41), TGFB3

(14q24), RARA (17q12), MTHFR (1p36.3) genes

are among the strongest candidates (Marazita et al.

2004; Lidral and Moreno 2005; Vieira et al. 2005).

Numerous studies were aimed to reveal the allelic

association of these loci with the NS-OFC pheno-

type, but the results often appeared to be conflict-

ing, possibly due to bias, lack of statistical power,

population diversity, etc. Therefore, investiga-

tions in this field are aimed both to reveal new can-

didate loci, especially by application of modern

high-throughput technologies (Jugessur and

Murray 2005; Park et al. 2006), and to test already

known loci for potentially causal alleles and their

association with the NS-OFC phenotype.

The purpose of this study was to test the hy-

pothesis on the relation of the TGFA, TGFB3,

GABRB3, RARA, and BCL3 genes to NS-OFC by

evaluating allelic association of a number of bi-

nary and microsatellite markers within or close to

these loci with the clefting phenotype in nuclear

families from the population of Lithuania.

Family-based approach was applied. The study

group consisted of 112 unrelated nuclear families

(triads: child with NS-OFC – father – mother). Re-

cruitment of the patients and their families from all

regions of Lithuania was performed in the Institute

of Odontology and the Department of Human and

Medical Genetics, Faculty of Medicine, Vilnius

University. Written informed consent was ob-

tained from each person (or his/her legal guardian)

participating in the study. The OFC phenotype

was evaluated and genealogical analysis was per-

formed to screen for the presence of associated ab-

normalities or syndromes, and only the cases of

NS-OFC were included in the study. The NS-OFC

cases were divided into 2 groups according to the

phenotype: CL/CP (94 triads) and CPO (18 triads).

Venous blood samples were obtained from each

individual under investigation and total genomic

DNA was extracted. Biological paternity was con-

firmed in all investigated families.

Initial databank screening was performed to

choose biallelic and microsatellite markers within

or close to candidate genes for the analysis of

allelic association with the NS-OFC phenotype:

TGFA – rs2166975, rs1058213, rs538118,

rs3732253, rs473698, rs503314, TaqI marker,

D2S292; TGFB3 – rs3917210, rs3917169,

D15S97; GABRB3 – rs10438462, rs12437487,

rs6576605, rs17117193, rs11634050, D17S1335;

RARA – rs12946680, D14S61; BCL3 – rs1046881.

Genotyping for all selected DNA markers was

based on polymerase chain reaction (PCR): ampli-

fication of the DNA fragment covering a relevant

marker with subsequent identification of its alleles

by running PCR products on polyacrylamide gel,

using denaturing high-performance liquid chro-

matography, restriction fragment length polymor-

phism (RFLP) analysis, TaqMan technology,

or direct sequencing. All protocols of experimen-

tal procedures and oligonucleotide primer se-

quences used for PCR are available from the

authors upon request. Allelic association analysis

between the putative susceptibility alleles and

NS-OFC phenotype groups was performed by us-

ing the standard transmission disequilibrium test

(TDT) (Spielman et al. 1993) and extended TDT

for multi-allele marker loci (Sham et al. 1995).

Selected SNPs and TaqI marker in the TGFA lo-

cus were initially validated as true polymorphisms

with minor allelic frequency >1% (except for BCL3

locus marker rs1046881, which appeared to be

monomorphic and was excluded from the study) by

genotyping 48 unrelated individuals from the gen-

eral population of Lithuania.
Out of the 20 markers tested, only rs2166975 in

the TGFA locus showed considerable association
with the risk of CPO phenotype (P = 0.045, df 1).
No association of TaqI marker alleles and the risk
of both NS-OFC phenotypes was shown in the
population of Lithuania, although this marker
most often yielded a positive association in Cauca-
sian populations (Mitchell 1997). Our finding is
consistent with the assumption that much of the
variation in the allele frequencies of this marker
could be accidental (Vieira 2006). For
microsatellite markers, an association was found
between the D2S292 marker of the TGFA gene
and CL/CP in allele-wise TDT (P = 0.005, df 9)
and genotype-wise TDT (P = 0.021, df 24). In the
total NS-OFC group, significant excess in trans-
mission of allele 6 (182 bp) of this marker
(P = 0.015) was shown by the test.

A close to borderline association (P = 0.085,

df 3) of the BCL3 marker (BCL3 gene) was found

with the risk of CPO. The TDT test showed excess

in transmission of allele 3 (128 bp) (P = 0.0523).
Transmission disequilibrium was not detected

(P > 0.05) for other alleles of the tested DNA
markers, providing no evidence for the association
of the TGFB3, GABRB3 and RARA loci with the
NS-OFC phenotype in the population of Lithua-
nia. On the other hand, this does not exclude the
potential for other alleles in these loci as well
as the necessity to increase the number of NS-OFC
triads.

Thus our results seem to support rather defini-
tively the association between TGFA and clefting
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but do not support the hypothesis that TGFA is
a major causal gene of CL/CP, implying that this
gene is probably a genetic modifier of clefting
in humans. The observed TDT results suggest dif-
ferent roles of TGFA and BCL3 genes in CL/CP
and CPO.
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