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The etiology of cleft lip (CL) and/or cleft palate (CP) has been studied in the past decade and it seems
to be heterogeneous and multifactorial, with a combination of both genetic and environmental risk
factors. Epidemiological surveys have shown that CL and/or CP (CL/P) are among the most
frequently observed birth defects in children. The advances in the field of genetics during the past
decades have led to great improvements in the early diagnosis, intervention, prophilaxy and also
therapy of various genetic disorders, including those involving the abnormal development of cranio-
facial structures. Fogh-Andersen (1942) provided the first population-based evidence that OC has a
strong genetic component. Since then, various linkage studies have suggested numerous loci could
have a causal role in CL/P. Inconsistent results could be caused by the small size of the studies or
genetic heterogeneity association studies. There are many roles of the genes that are involved in oral
cleft: some genes function as growth factors (eg, TGF-a, TGF-B3), transcription factors (MSXI,
IRF6, TBX22), or factors that play a part in xenobiotic metabolism (CYP1Al, GSTM1, NAT2),
nutrient metabolism (MTHFR, RARA) or immune response (PVRL1, IRF6). The most intensively
investigated genes have been the TGF-a and MTHFR genes. Although a large number of candidate
gene studies have been conducted in this field, and several genome-wide association studies (GWAS)
have recently provided more clues, specific causal variants and biological mechanisms responsible for
occurrence of nonsyndromic cleft lip with or without cleft palate (NSCL/P) remain unclear
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Background both sides (bilateral). Orofacial clefting

The etiology of cleft lip (CL) can be separated into two main types: (1)
and/or cleft palate (CP) has been studied in cleft lip with or without cleft palate and (2)
the past decade and it seems to be cleft palate only (Figure 1) [2-4]. Within
heterogeneous and multifactorial, with a babies born with a cleft palate 50% are
combination of both genetic cleft lip and palate, 30-35% are cleft
and environmental risk factors [1, 2]. palate, 15-20% are cleft lip only.

An orofacial cleft is when a child Epidemiological surveys have shown that
has cleft lip, cleft lip with a cleft of the CL and/or CP (CL/P) are among the most
palate, cleft palate on its own. The cleft lip frequently observed birth defects in
can occur on one side (unilateral) or on children [4].
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Figure 1. Cleft lip with or without cleft palate [after 3]

In most of the cases (70%), a cleft
occurs in isolation, and the baby has no
other medical problems. In the mildest
form, the lip alone is unilaterally cleft,
whereas in the most severe form, the lip
and palate are affected on both sides [2, 4,
5]. Approximately 30% of all patients with
a cleft will have other congenital
conditions so it is important that each baby
will have a detailed examination to rule
out any other possible conditions they may
have [5, 6].

Embryology

The first, second and third
branchial arches play a critical role in the
development of the face, mouth and
tongue. At around embryonic day 24 the

Lateral nasal
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Figure 2. Frontonasal development [after 11]

Epidemiology

There are differences, some
considerable, concerning the prevalence
with which cleft lip with or without cleft
palate is reported throughout the different
populations worldwide. This stands as

frontonasal development consist of 2
process on each side by maxillary that are
derived from the first branchial arch. By
the end of fourth week, bilateral nasal
placodes develop on each side of the lower
part of fronto-nasal protuberance followed
by the migration of neural crest cells into
that segment, and the region from which
the maxillary prominences will develop [7-
10].

As an effect to this migration, at
the outer limits of the olfactory placodes
the mesenchyme will proliferate, with the
appearance of the lateral and medial nasal
prominences (processes) and the maxillary
processes developing towards these
prominences (figure 2) [6, 8-11].

Nasolacrimal
grooves
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proof that genetic factors are involved, i.e.
genetic risk variants with frequency and
possibly effects variability from a
population to another [12-15].

The highest frequencies are
reported in the Asian and Amerindian
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populations (1/500 individuals), the lowest
rates can be found in the African
populations (1/2500), while for the
European populations the prevalence is in
between (1/1000) [14, 16].

There are  contrasts  when
discussing the side on which the unilateral
cleft lip tends to develop, with a 2:1

Genetic counseling

The advances in the field of
genetics during the past decades have led
to great improvements in the early
diagnosis, intervention, prophilaxy and
also therapy of various genetic disorders,
including those involving the abnormal
development of cranio-facial structures [5,
12, 21].

In this respect, it should be
important for dental healthcare providers
to know and understand the molecular
basis for the numerous genetic entities as
part of their daily medical practice.

Fogh-Andersen (1942) provided
the first population-based evidence that
OC has a strong genetic component [20-
22].

Since then, various linkage studies
have suggested numerous loci could have
a causal role in CL/P, for example regions
on chromosomes 1, 2, 4, 6, 14, 17, and 19

predominance of the left side cleft. Cleft
lip without palate and cleft lip and palate
have different frequencies distributions
depending on sex, as cleft lip without
palate is found twice more in men than in
women (2:1 ratio) while cleft lip with
palate has an opposite distribution, with a
2:1 women/men ratio [17-20].

(MTHFR,TGF-a, D4S175, F13A1, TGF-
B3, D17S250, and APOC2) [23-26].

Inconsistent  results could be
caused by the small size of the studies or
genetic heterogeneity association studies.

There are many roles of the genes
that are involved in oral cleft: some genes
function as growth factors (eg, TGF-a,
TGF-B3), transcription factors (MSXI,
IRF6, TBX22), or factors that play a part
in  xenobiotic metabolism (CYP1Al,
GSTM1, NAT2), nutrient
metabolism(MTHFR, RARA) or immune
response (PVRL1, IRF6). The most
intensively investigated genes have been
the TGF-a and MTHFR genes [24-26].

As the lip and primary palate have
distinct developmental origins from the
secondary palate, clefts of these areas can
be further subdivided into cleft lip with or
without cleft palate and cleft palate alone
to maximize homogeneity of cleft
phenotype (table 1) [1, 2, 23-26].

Locus Candidate genes GWAS Meta-analysis

1p22 ARHGAP?29 Beaty et al. 2010 Ludwig et al. 2012
1p36 PAXT7 Beaty et al. 2010 Ludwig et al. 2012
1932 IRF6 Beaty et al. 2010 Ludwig et al. 2012

Birnbaum et al. 2009

3pll EPHA3 Ludwig et al. 2012
8021 Ludwig et al. 2012
8g24 Ludwig et al. 2012
10925 VAX1 Ludwig et al. 2012
13g31 SPRY?2 Ludwig et al. 2012
15922 TPM1 Ludwig et al. 2012
17922 NOG Ludwig et al. 2012
200912 MAFB Beaty et al. 2010 Ludwig et al. 2012

Table 1. Candidate genes identified through GWAS studies
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conducted in this field, and several
genome-wide association studies have
recently provided more clues, specific
causal variants and biological mechanisms
responsible for occurrence of
nonsyndromic cleft lip with or without

Conclusions cleft palate (NSCL/P) remain unclear.

Although a large number of

candidate gene studies have been
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