
Abstract. Van der Woude Syndrome (VWS) is an autosomal
craniofacial disorder characterized by lower lip pits and cleft
lip and/or palate. Mutations in the interferon regulatory factor 6
(IRF6) gene have been identified in patients with VWS. To
identify novel IRF6 mutations in patients affected by VWS,
we screened 2 Brazilian families, sequencing the entire IRF6-
coding region and flanking intronic boundaries. Two novel
heterozygous mutations were identified: a frame shift mutation
with deletion of G at the nucleotide position 520 in the exon
6 (520delG), and a missense single nucleotide substitution
from T to A at nucleotide position 1135 in exon 8 (T1135A). By
using restriction enzyme analysis, we were able to demon-
strate the lack of similar mutations in unrelated healthy
individuals and non-syndromic cleft lip and palate patients.
Our results further confirmed that haploinsufficiency of the
IRF6 gene results in VWS.

Introduction

Van der Woude syndrome (VWS) (OMIM #119300) is a rare
craniofacial disorder characterized by lower lip pits, cleft lip
and/or palate (CL/P) and, occasionally, hypodontia (1,2). This
syndrome occurs in approximately 2% of CL/P patients, and
is distinguished from non-syndromic CL/P by the presence of
lip pits (3). Its incidence is estimated at 1-2.5 cases per
100,000 live births (4). VWS is transmitted in an autosomal
dominant mode with high penetrance and varied clinical
expression (expressivity); however, 30-50% of VWS cases

represent de novo mutations (1,4,5). Mutations in the interferon
regulatory factor 6 (IRF6) gene have been found in patients
with VWS (6). To date, more than 70 different mutations in
the IRF6 gene have been reported in VWS affected patients
worldwide (5-17). IRF6 belongs to a family of 9 transcription
factors that share a highly conserved helix DNA-binding, and
a protein-interactive domain in the carboxyl-terminal region
called Smad-interferon regulatory factor-binding domain
(SMIR) (18). Most IRF members regulate the expression of
interferon α and ß after viral infection (19), but the exact
function of IRF6 remains unknown. Mutations in the IRF6 gene
also can cause popliteal pterygium syndrome (MIM #119500),
which shares some common features with VWS (14).

We recently described the clinical features of 2 large
Brazilian families affected by VWS (20). In the first family,
VWS was transmitted as an autosomal dominant character
with apparent low penetrance. All the affected members
demonstrated association of bilateral paramedian lower lip pits
and CL/P. In the second family, segregation of VWS was
consistent with an autosomal dominant mode with penetrance
appearing complete, and the expressivity was distinct among
affected members. Here, by sequencing the entire coding
region of the IRF6 gene of the 2 VWS families, we located
2 novel mutations (520delG and T1135A). The T1135A
mutation is located in the SMIR protein-interactive domain and
the 520delG abolishes this region, presumably affecting the
regulatory functions of IRF6 in the transcriptional control of
the downstream target genes.

Materials and methods

Families with VWS and controls. Pedigree and clinical details
of the 2 VWS families were previously described (20). From
Family 1, which is composed of 54 descendants with 12
presented features of VWS, sequencing analysis was performed
on 6 affected members and 10 unaffected members. In
Family 2, comprising 19 descendants with 8 affected by
VWS, sequencing analysis was performed on all members.

As a control, 100 unrelated healthy individuals and 50
patients with non-syndromic CL/P were recruited and
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Figure 1. Identification of an undescribed IRF6 mutation in the VWS Family 1 of this study. (A) Portions of representative DNA-sequence eletropherograms
of an unaffected (top) and an affected (bottom) member of Family 1. Arrow indicates the altered nucleotide. The affected member is heterozygous for the
deletion of G at the nucleotide position 520 of IRF6 (520delG). (B) A portion of the normal amino acid sequence of IRF6 was aligned with the mutated
sequence. The amino acid sequence newly created by the 520delG mutation is indicated in italics. Note that this mutation resulted in the subsequent change of
49 amino acids, ending in a premature termination at amino acid 223.

Figure 2. Restriction enzyme analysis of the 520delG mutation. Representative samples from 1 healthy individual, 1 non-syndromic CL/P patient, and 2
members of Family 1 (1 unaffected and 1 affected member). The 520delG mutation eliminates the NarI site, thus preserving the digestion of the 432 full-
length amplicons generated from the mutated allele. PCR-amplified DNA from VWS individuals showed the 432-bp fragment in addition to the 318- and 114-bp
fragments originating from the normal digested allele. DNA from healthy individuals, non-syndromic CL/P patients, and unaffected family members
demonstrated only the 318- and 114-bp fragments.

Figure 3. DNA-sequence eletropherograms showing the IRF6 mutation identified in VWS patients of Family 2. The top eletropherogram represents a portion of
IRF6 exon 8 of an unaffected member. The results of an affected member are demonstrated on the bottom eletropherogram. VWS patients are heterozygous at
position 1135, as revealed by the transversion of T to A (arrow), causing the substitution of a tryptofano to arginine (W379R).
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examined. Written informed consent was obtained from all
participants or their guardians before the study commenced.
This study was carried out with the approval of the Human
Research Ethics Committee of the University.

Sequence analysis. Genomic DNA was extracted from oral
mucosa cells as previously described (21). Exons 1-9 and
their flanking splice junctions were PCR amplified with
specific primers (9). This was followed by direct sequencing
in an ABI PRISM 3100 Genetic Analyzer (Applied
Biosystems, Hitachi). Detected mutations in affected
members were confirmed by repetition of the sequence
analysis on new DNA samples, and by restriction enzyme
analysis.

Restriction enzyme analysis. Restriction enzyme analysis was
performed to confirm the mutations in affected members and
to analyze the control individuals. Exon 6 PCR products
amplified from Family 1 and control DNA samples, were
directly incubated with the NarI restriction enzyme (New
England Biolabs Inc., Ipswich, MA, USA), whereas exon 8
PCR products from Family 2 and controls were incubated with
the EaeI restriction enzyme (Fermentas Inc., Hanover, MD,
USA). The same pairs of primers for the sequencing analysis
were used here. After incubation, the products were electro-
phoresed on an 8% non-denaturing polyacrylamide gel
containing 0.5 μg/ml of ethidium bromide.

Results

All affected members of Family 1 showed a heterozygous G
deletion at nucleotide position 520 of IRF6 cDNA (520delG),
the first nucleotide of alanine positioned at 174 (Ala174) of
the amino acid sequence of IRF6 protein (Fig. 1). This
mutation resulted in the subsequent change of 49 amino acids
and a premature termination at amino acid 223, abolishing
the carboxyl-terminal region of IRF6. The truncated protein
caused by this frame shift mutation is expected to lack the
SMIR domain, presumably important for interacting with Smad
transcription factors. Two of the 10 unaffected members of
this family demonstrated the G deletion, and were being
considered carrier members. To further confirm this finding,
we performed restriction enzyme analysis in all Family 1
members and in the control individuals (Fig. 2). The 520delG
mutation eliminates the NarI site, thus preserving the

digestion of 432 full-length amplicons generated from the
mutated allele. PCR-amplified DNA from VWS individuals
showed the 432-bp fragment in addition to the 318- and
114-bp fragments from the normal digested allele, while
unaffected family members, healthy control individuals and
non-syndromic CL/P patients demonstrated only the 318- and
114-bp fragments (Fig. 2).

In Family 2, the heterozygous T to A transversion at
nucleotide position 1135 of exon 8 of IRF6 (T1135A) resulted
in a tryptofano to arginine substitution at codon 379 (W379R)
of the IRF6 amino acid sequence (Fig. 3). The 379 residue is
located in the SMIR-binding domain, which is absolutely
conserved in the IRF6 orthologues. One clinically unaffected
member of Family 2 demonstrated this mutation. Since the T
to A transversion abolishes the EaeI restriction site in the exon
8, we confirmed the missense mutation (1135 T>A) by
incubating PCR products directly with EaeI enzyme. Exon 8
PCR products from unaffected family members, healthy
individuals and non-syndromic CL/P, incubated with EaeI
resulted in 2 fragments (145 and 291 bp). However, enzyme
incubation with PCR products from affected family members
resulted in 3 fragments [1 undigested, originating from the
mutated amplicon (436 bp) and 2 digested fragments],
confirming the specificity of the mutation (Fig. 4).

Discussion

Since the first identification of the IRF6 mutation in VWS
patients by Kondo et al (6), more than 70 different mutations
have been reported in patients with this syndrome. The vast
majority are missense mutations, products of single amino
acid substitution, located in the DNA-binding domain or in
the protein-interactive domain of IRF6 (8,11,13,22). Mutations
in the regions presumably affected the regulatory function of
the IRF6 protein at the transcriptional control of the down-
stream target genes (23). The mutation detected in Family 1
(520delG) was not located in the DNA-binding domain or in
the SMIR domain of the IRF6 gene. However, the nucleotide
deletion caused an alteration in the codon-reading, introducing
a premature termination at exon 7 level and resulting in a
protein lacking the entire SMIR domain. Although the precise
function of IRF6 is unclear, the lack of the SMIR domain
inhibits the interaction with Smad transcription factors, which
are well known to transduce transforming growth factor-ß
signals, that play an essential role in palate and lip formation
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Figure 4. Restriction enzyme analysis of the T1135A mutation. Representative samples from 1 healthy individual, 1 non-syndromic CL/P patient, and 2
members of Family 2 (1 unaffected and 1 affected member), digested with EaeI. Digestion of the PCR product from affected family members resulted in 3
fragments: 1 undigested fragment, 436 bp and 2 digested fragments, 291 and 145 bp, confirming the heterozygous T1135A mutation.
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and fusion (24,25). In IRF3 and IRF7 orthologues, Smad
binding to the SMIR domain is required for interaction with
other transcription factors in the regulation of target genes
(26). It is presumed that the SMIR domain also plays an
essential role in the dimerization of IRF6 protein (26).

The tryptophane to arginine substitution (W379R) observed
in the affected members of Family 2, occurred in the SMIR
domain. This residue of tryptophane at position 379 is
conserved in all 9 members of the IRF family. Around this
amino acid, other substitutions, including phenylalanine to
serine at position 369 (F369S), cysteine to tyrosine at
position 374 (C374Y), and lysine to glutamic acid at position
388 (K388E) have been reported (6,11,16). Notably, at this
same tryptophane residue, Wang et al (8) related a TGG to
TGA transition, resulting in a premature stop codon (p.W379X).
By using bioinformatics analysis (27,28), we observed that
the tryptophane to arginine substitution resulted in an alteration
in the hydrophobic profile of the protein and in a shift in the
protein secondary structure, suggesting biological effects
in the regulatory activity of IRF6. Collectively, our data
demonstrate that mutations in IRF6, resulting in alterations in
the SMIR domain, are etiological for VWS, since those same
mutations were not found in 100 healthy control individuals
and in 50 control patients with isolated CL/P.

VWS is characterized by high penetrance and varied
expressivity (1,4,5). Pedigree analysis of Family 1 suggested
a low penetrance (20), which was confirmed by mutation
analysis. Two clinically unaffected members showed the same
mutation observed in the VWS members. Notably, one of the
carriers had an affected twin brother, and the second carrier
had her mother and one of her 5 siblings phenotypically and
genotypically affected. In Family 2, one member with no
signs of VWS was a mutation carrier. This implies incomplete
penetrance of the T1135A mutation, contrasting with the
clinical analysis of the pedigree. Although some studies
state that low penetrance is due to the lack of recognition of
patients with microforms or subclinical forms of the disease
(29), in this study, all patients were carefully examined.
Comparing the 2 mutations, the 520delG mutation resulted in
a truncated protein and in a homogeneous and more severe
phenotype. The lack of the entire SMIR domain probably
abolishes the protein function. However, single nucleotide
substitution in the SMIR domain, resulting in normal-sized
protein, under the influence of stochastic factors or modifier
genes, produced a protein with imprecise functions, resulting
in a marked phenotypic variation. Mechanisms underlying
penetrance and expressivity include the influence of alleles,
modifier genes, gender, and environmental factors (30), so
VWS is subject to genetic and environmental variation. It is
becoming clear that there are many allelic variants throughout
the genome, and these are not just coding variants. Differences
in transcriptional control through promoter and enhancer
differences are increasingly emerging (31,32). Furthermore,
gene expression is clearly subject to complex epigenetic
control (33), and we are just beginning to understand the
rules involved in the modulation of chromatin structure
(34). Finally, environmental variation plays a major role in
modulating all aspects of gene expression, particularly in CLP
(35), but individual responses to environmental factors are
under partial genetic control. Each mutation observed in any

individual is unique in its physiological, genomic, environ-
mental and spatiotemporal context.

In conclusion, we reported 2 novel mutations (520delG
and T1135A) in Brazilian families with VWS. These mutations
produced an impaired SMIR domain, suggesting that this
domain is essential for IRF6 function. Furthermore, VWS
occurs from the haploinsufficiency of IRF6, suggesting a direct
participation of IRF6 in craniofacial development. High levels
of IRF6 mRNA were identified along the medial edge of the
fusing palate during embryogenesis of mice (6).
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