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Abstract. Members from two Van der Woude syndrome 
(VWS) families were screened to determine the prevalence of 
interferon regulatory factor 6 (IRF6) as a disease‑causing gene 
and to analyze the interrelationships between patient genotype 
and phenotype. The peripheral blood of 24 members from two 
VWS families and 200 control samples were collected. The 
family members were interviewed for medical histories and 
other clinical abnormalities using questionnaires. Polymerase 
chain reaction was directly performed on the peripheral 
blood to screen for the coding region of the IRF6 gene. Of 
the 24 family members, a total of 6 patients had mutations 
of IRF6 gene. c.1234C>T (p.R412X) heterozygous mutation 
was detected in 3 members of family 1. In families 2 and 3, 
members carried the c.1210G>A (p.E404K) heterozygous 
mutations. The other members of the families, were wild type 
(wt/wt) for IRF6. Genetic testing demonstrated that the disease 
mutations c.1234C>T and c.1210G>A co‑segregated with the 
two families' pathogenic mutations. The existence of genetic 
heterogeneity and the complexity of the clinical phenotype 
was demonstrated in Chinese VWS patients.

Introduction

Van der wood Syndrome [VWS; Online Mendelian Inheritance 
in Man (www.omim.org) 119300] is an autosomal dominant 
inheritance of cleft lip and palate deformities. The primary 
clinical features of VWS are lower lip fistula, teeth agenesis 
or pits, simple cleft palate, simple cleft lip or cleft palate and 
cleft palate merger, and several of the features may appear at 

the same time. VWS is a syndrome in cleft lip and palate, and 
accounts for 2% of all patients with cleft lip and palate (1). 
Kondo et al (2) succeeded in cloning the interferon regulatory 
factor (IRF) 6 gene that was the disease‑causing gene of VWS, 
and VWS has been considered to be the best genetic study 
model of non‑syndromic cleft lip with or without cleft palate. 
In 1986, the global incidence of VWS was 1~3/30,000, and the 
incidence in newborns was 1/100,000‑1/40,000 (3), but there 
was a big difference in phenotypes (3,4). The clinical phenotype 
of VWS patients differs with families and even among VWS 
patients within the same family. Due to the different pheno-
types, the clinical diagnosis of VWS has often been confused 
with non‑syndromic cleft lip with or without cleft palate 
(NSCL/P), with the lower lip pits easily mistaken for bite marks. 
Peyrard‑Janvid et al  (5) studied 17 families from Sweden, 
Finland, Norway, Thailand and Singapore, and reported that 
80% of VWS patients exhibited an IRF6 gene mutation, thus 
demonstrating that it was a reliable marker of VWS. IRF6 in 
VWS has not been so well reported in China, although previous 
studies have confirmed that IRF6 is associated with VWS in 
a clinical study of a VWS family (6,7). By a joint analysis of 
clinical data and genetic testing results of a VWS family, the 
present study aimed to clarify the nosogenesis of these patients 
from the perspective of genetics, and analyze the association 
between genotype and phenotype. It also aimed to clarify the 
VWS pathogenic mutations of Chinese VWS patients, and 
to identify the suspected gene mutation areas of interest. The 
pathogenic gene detection of VWS may be used for aiding 
clinical assessment in the future, and for prenatal diagnosis.

Materials and methods

General. The probands from two families were inpatients in 
the oral and maxillofacial surgery ward of Handan Central 
Hospital (Handan, China). The two families had 24 members, 
including 6 with VWS. At the same time, 200 peripheral blood 
samples from normal individuals who did not possess a family 
history of cleft lip or palate or other immune organic diseases 
were collected between January and March 2014; these 
individuals were recruited from the Department of Clinical 
Laboratory, Handan Central Hospital (Hebei, China). The 
genetic and patient information of probands were provided by 
their parents. The present study was conducted in accordance 
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with the declaration of Helsinki and with approval from 
the Ethics Committee of Handan Central Hospital. Written 
informed consent was obtained from all participants' guard-
ians and the 200 normal individuals.

Family 1 (VWS1): Proband A (III:3; Figs. 1A and 2), male, 
2 years old, had congenital cleft palate and bilateral labium fistula. 
His mother did not experience a cold or a fever or use drugs 
during pregnancy. There were 3 generations and 11 members in 
this family. The VWS patients in this family were 3 in total, and 
distributed in each generation. Pedigree analysis was compat-
ible with the law of autosomal dominant inheritance. Through 
detailed examination by maxillofacial surgeons, congenital 
malformations, and cardiovascular, cerebrovascular and mental 
diseases were excluded for the patients in this family. Although 
the patients in this family expressed typical symptoms of VWS, 
the individual phenotype in each generation was different. The 
symptoms of the patient in the first generation (I:2) were char-
acterized by simple red small pits on the lower lip, not easy to 
distinguish from bite marks. The patients in the second (II:3) 
and third (III:3) generations demonstrated serious cleft lip and 
palate deformities and lower lip fistula.

Family 2 (VWS2): Proband B (III:7; Figs. 1B and 3), male, 
3 years old, had congenital cleft soft palate. His mother did not 
experience a cold or a fever or use drugs during pregnancy. 
There were 3 generations and 13 members in this family and 
congenital malformations, and cardiovascular, cerebrovascular 
and mental diseases were excluded. The VWS patients in this 
family were 3 in total, and appeared in the second and third 
generation. Pedigree analysis was also compatible with law of 
autosomal dominant inheritance. Through detailed examina-
tion by maxillofacial surgeons, the symptoms of VWS patients 
in the second generation were characterized by bite marks in 
the red defects of the lower lip and occult cleft palate. The 
VWS patients in the third generation were siblings. The elder 
sister (III:3) demonstrated cleft palate and lower lip fistula. 
The young brother was the proband and demonstrated cleft 
soft palate.

Medical history collection. The genetic and patient information 
of probands were filled in registration forms by their parents. 
The information in the hereditary information registration 
form included general information concerning the patients, 
pregnancy risk factors, pregnancy situation, family history, the 
VWS patient situation and laboratory tests. The information 
in the patient information forms included the patients' general 
information, general situation, history of mother's pregnancy 
(including history of infection, drug administration and 
childbirth), physical examination (including systemic physical 
examination and professional oral medical examination) 
and various clinical data. All family members from whom 
peripheral blood samples were collected provided written 
informed consent. The family members who agreed to donate 
blood were provided with a medical examination and 5 ml of 
peripheral venous blood was extracted for subsequent testing.

Genomic DNA extraction. The genomic DNA was extracted 
by AxyPrep blood genomic DNA extraction kit (Axygen 
Scientific, Inc., Union City, CA, USA) in strict accordance 
with the manufacturer's protocol. DNA concentration and 
purity were detected by NanoDrop 1000 determination 

(Thermo Fisher Scientific, Inc., Wilmington, DE, USA). When 
the extraction process was complete, all DNA samples were 
diluted to 10 ng/µl in 96 well plates and stored at ‑20˚C.

Gene sequencing. The amplification primer sequences of 
IRF6 were designed by online software Primer 3 version 
3.0.0 (www.biotools.umassmed.edu/bioapps/primer3_www 
.cgi). The amplified fragment was the exons between 3 and 
9, since exons 1 and 2 were encoding fragments. Polymerase 
chain reaction (PCR) primer sequences and amplified frag-
ment length are listed in Table I. Primers were synthesized 
by Invitrogen (Thermo Fisher Scientific, Inc., Waltham, MA, 
USA). The PCR reaction conditions were: Pre‑denaturation at 
94˚C for 5 min, denaturation at 94˚C for 30 sec, annealing at 
6˚C for 30 sec, extension at 72˚C for 35 sec, 35 cycles in total; 
extension at 72˚C for 5 min. The PCR product was subjected 
to electrophoresis on 1.5% agarose gel and the results were 
analyzed by a gel imaging and analysis system (Gel Doc™ EZ; 
Bio‑Rad Laboratories, Inc., Hercules, CA, USA). PCR products 
were sequenced by an ABI 3730 (Applied Biosystems; Thermo 
Fisher Scientific, Inc.), and the mutation positive samples were 
sequence reversed for verification. The sequencing results 
were compared with the standard IRF6 genetic sequence on 
National Center for Biotechnology Information (https://www 
.ncbi.nlm.nih.gov; NM_006147) by Mutation Surveyor soft-
ware version 4.0 (SoftGenetics, LLC., State College, PA, USA).

Results

Clinical examination results. There were 6 VWS patients in 
the two families that comprised 24 individuals in total. Of the 
6 patients, 5 (83.3%) presented cleft lip and palate, 5 (83.3%) 
presented labial fistula and 1 (III:7) in the second family was 
without labial fistula. These VWS patients presented no teeth 
dysplasia or other organ deformity, although the phenotypic 
lip fistula with cleft lip was common. Although the patients 
belonged to the same family, their clinical phenotype differed: 
3 patients in the first family all had lower lip fistula or labium 
fistula with cleft lip and palate, patient I:2 was the only one 
exhibiting bilateral labium fistula, patient II:3 demonstrated 
degree II right cleft palate and patient III:3 demonstrated degree 
III left cleft palate. Two of the total 3 patients in the second 
family had lower lip bite marks. Patient II:3 presented lower 
lip bite marks on the sides and cracked palate, patient III:3 was 
characterized by degree II left cleft palate for and lower lip bite 
marks, and patient III:7 demonstrated soft cleft palate alone.

Genetic testing results. The gene sequencing of IFR6 between 
exons 3 and 9 was conducted on 14 members of the 2 fami-
lies. The results demonstrated that the 6 VWS patients all 
had genetic mutations. The 3 patients in the first family all 
carried c.1234C>T (p.R412X) heterozygous mutation on exon 
9 of the IRF6 gene (Fig. 4). In family 2, 3 patients all carried 
c.1210G>A (p.E404K) heterozygous mutation on exon 9 of 
the IRF6 gene (Fig. 5). In addition, II:3 and III:3 in family 2 
carried the rs2235373 single nucleotide polymorphism (SNP) 
on exon 7 of the IRF6 gene. Other family members who were 
not VWS patients did not carry IRR6 gene mutations. Genetic 
testing results demonstrated that the mutation and disease 
exhibited co‑segregation.
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Normal test results. In order to rule out that the two muta-
tion sites detected in the two families were not SNPs in local 
people, the exon 9 gene sequencing of IFR6 was conducted 
on 200 local normal individuals and the c.1234C>T and 
c.1210G>A mutations were not observed.

Discussion

VWS, an autosomal dominant inherited clefting syndrome 
first described by Demarquay in 1845, is a rare congenital 
syndrome (8). The characteristics of the phenotype are labium 
fistula with cleft lip and palate. In VWS, the formation of 
congenital lip pits is associated with the occurrence of labium 
fistula with cleft lip and palate; this is a common clinical problem 
that occurs in 80% of patients with VWS (9). Therefore, certain 
patients with VWS were characterized only by simple cleft lip 
or cleft palate, and this made VWS and NSCL/P indistinguish-
able from the outward appearance of patients. However, for the 
congenital anomaly of epidemiology and etiology, accurate 
phenotyping is important. If the heterogeneous group is regarded 
as a single group, the effect of detection may be weakened (10). 

Consequently, for the diagnosis of VWS, a detailed survey of the 
patient's family and clinical phenotyping is required.

With the development of molecular biology and the 
completion of the human genome map, research has made 
progress regarding the disease genes associated with VWS. In 
1954, Van der Woude first described the clinical manifestation 
of VWS and discussed its hereditary pattern (11). Then, in 
1987, Bocian and Walker (12) first reported that these patients 
were missing chromosome lq32‑q41. In 2002, Kondo et al (2) 
analyzed a large VWS family: No matter what the phenotype 
of VWS family members, there was an 18 bp fragment missing 
in the chromosome lq32‑q41 areas of the IRF6 genes of the 
affected individual. Kondo et al (2) successfully cloned the 
VWS IRF6 disease‑causing genes and similar results have 
also been identified in other VWS families. Therefore, the 
study demonstrated that VWS had significant phenotypic 
differences. Certain reports have confirmed that the IRF6 gene 
is one of the pathogenic genes for VWS (13,14). The present 
study demonstrated that IRF6 is important in jaw development 
and fusion. IRF6 gene expression analysis demonstrated that 
the gene is not only widely expressed in embryonic and adult 
mice, it is also expressed in adult and fetal tissue. There was 
a wide range of expression in the secondary cleft palate in 
14.5‑15 day mouse embryos and adult skin tissue (2).

The IRF6 gene possesses a total length of 2,171  bp, 
comprising 10 exons. Exon 1, 2 and 10 are non‑coding regions. 
The coding regions of IRF6 gene, a total of 1,404 bp, encodes 
467 amino acids (2). It is a member of the interferon regula-
tory factor family and this gene family is characterized by a 
highly‑conserved helix‑turn‑helix DNA binding domain and 
a protein binding domain termed Smad‑interferon regulatory 
domain (SMIR)  (15). The DNA binding domain mediates 
the adhesion between IRF6 and the target sequence, while 
the SMIR domain is necessary to form homologous dimers 
or heterologous dimers, to translocate dimers to the nucleus, 
along with other transcription factors in target genes (16). The 
SMIR domain mediates the morphological development of 
the mouth‑face region through transforming growth factor‑β 
signal transduction pathways. At present, the majority of 
the mutations are in these two domains. According to The 

Figure 3. Proband III:7 of the Van der Woude syndrome 2 family.

Figure 2. Proband III:3 of the Van der Woude syndrome 1 family. Arrows 
indicate lower lip fistula.

Figure 1. Genogram of the two families. (A) VWS family 1 and (B) VWS 
family 2. Van der Woude syndrome.
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Human Gene Mutation Database statistics (www.hgmd.cf.ac 
.uk/ac/index.php), as of September 2012 there are a total of 
219 IRF6 gene mutations, including 191 IRF6 gene mutations 
identified in patients with VWS. These mutations include 
missense/nonsense, control area, frameshift and various other 
different forms of mutations, however the majority appear to 
be missense/nonsense mutations.

The VWS families in the present study exhibited two 
mutations, which were located on exon 9 in the coding region 
of the IRF6 gene. In the first VWS family, c.1234C>T resulted 
in a truncation mutation, and the 412th amino acid appeared 
as an early termination codon (p.R412X). The first generation 
of VWS family members with this mutation were generally 
characterized by concave lower lip or fistula; the second and 
third generations demonstrated serious cleft palate. In 2009, 
this mutation was reported in a European VWS family (17). 
The emergence of these nonsense mutations resulted in partial 

IRF6 gene encoding protein and thus loss of normal function: 
IRF6 decreased, leading to developmental disorders in the 
maxillofacial development process that affected the lips and/or 
jaw. In the present study, the second VWS family carried the 
c.1210G>A mutation, an alteration in the 404th amino acid 
which replaced glutamic acid with lysine (p.E404K). The 
first‑generation members of this VWS family did not carry the 
IRF6 mutations and were not VWS cases; II:3 may therefore 
be an instance of a novel mutation.

In 2009, de Lima (18) reported this genetic mutation in 
VWS. However, the pathogenic mechanism of the mutation 
remains to be elucidated. In the present study, the three 
websites consulted (www.genetics.bwh.harvard.edu, www.
sift.jcvi.org and www.pantherdb.org) all suggested that the 
mutations may result in damaging effects on the IRF6 protein. 
It was hypothesized that as the mutation was only 10 amino 
acids from the downstream SMIR function structure domain, 
the mutation may lead to an alteration in the nature of the 
amino acids, thus affecting the function of the protein. Two 
mutations in line with the White family (17) were detected 
in the mutation. In order to confirm if these two mutations 

Figure 5. The c.1210G>A heterozygous mutation of interferon regulatory 
factor 6 gene. (A) Regular nucleotide sequence, (B) mutated nucleotide 
sequence. Arrow indicates mutation base.

Figure 4. The c.1234C>T heterozygous mutation of interferon regulatory 
factor 6 gene. (A) Regular nucleotide sequence, (B) mutated nucleotide 
sequence. Arrow indicates mutation base.

Table I. Primer sequences and fragment lengths for IRF6 gene in polymerase chain reaction.

Primer name	 Primer sequences (5'‑3')	 Fragment length (bp)

IRF6‑3F	 CCACCTGGCACAGCTTATTC	 492
IRF6‑3R	 AGACATGCCCCCAAAAGAG	
IRF6‑4F	 TCTCTGTAAATCGGGGTTGG	 527
IRF6‑4R	 TTTGTTTTCTGGGTCCTTCC	
IRF6‑5F	 GGAGGTCCTTCCATGAGAGA	 496
IRF6‑5R	 GGGATAACTGAGCCAACAGG	
IRF6‑6F	 GGAGCAGGGGAACCTTATTT	 500
IRF6‑6R	 CCTGGTGACTCATGGGCTA	
IRF6‑7F	 CTATGGCAGTGGCCTTCCT	 700
IRF6‑7R	 GTTGCCTAGGTCACCTCCAA	
IRF6‑8F	 TGACTAATGTGACCCAGGAACT	 430
IRF6‑8R	 AGCATGAGTCCTACTGCACAAA	
IRF6‑9F	 TCATTTGAACCAACTTCCACAG	 600
IRF6‑9R	 AGTCTGAAGGGTGATTTTTCCA

F, forward; R, reverse.



MOLECULAR MEDICINE REPORTS  17:  1241-1246,  2018 1245

are VWS hot spot mutations, further samples and analyses 
are required.

The two mutations identified are VWS heterozygous 
mutations, resulting in an insufficient haploid dose of the 
IRF6 gene, affecting the maxillofacial growth of the patients. 
However, it was also identified that even the same mutations 
present in patients from the same family exhibited different 
clinical phenotypes. The propositus of the second VWS 
Family (III:7) was only characterized by simple cleft palate, 
whereas the other two patients in the family were character-
ized by lip and cleft palate with fistula phenotype. In the same 
family, syndrome and non‑syndrome occurred in patients with 
cleft lip and palate cleft lip, which is relatively rare. Therefore, 
the IRF6 gene sequencing results for the 3 patients of the 
second VWS family were analyzed. The results demonstrated 
that II:3 and III:3 exhibited lip fistula and carried SNP loci 
(rs2235373), and the propositus simply carried p.E404k 
heterozygous mutations. However, the rs2235373 polymorphic 
loci was located in the IRF6 gene downstream of the exon 7 of 
135 bp, so its effect on IRF6 encoding protein requires further 
studies. Currently, there are no reports that these mutations 
affect IRF6 protein production, therefore further studies are 
required. Salahshourifar (19) summarized the gene mutation 
and IRF6 introns and exons of mutation loci in different VWS 
phenotypes. VWS patients with cleft palate II phenotype 
carried rs2235373 and exon 7 p.V274I loci. These phenomena 
illustrated that rs2235373 may be associated with the VWS 
phenotype loci. The present study also identified a phenotypic 
generational aggravating phenomenon in the first VWS family, 
a phenomenon that has occurred in other similar studies in 
the literature (20‑22). It has additionally been suggested that 
there may be other modifiers in virulent VWS genes (23). Due 
to the diversity of clinical phenotypes in VWS patients, even 
individuals with a family genetic disposition, may be misdiag-
nosed by antenatal ultrasound examination; however, genetic 
testing may help to remedy these shortcomings.

Recently there have been a large number of studies on the 
VWS IRF6 gene in patients with novel mutations (17,18,23,24). 
From these studies, it may be suggested that the majority 
of  mutations associated with VWS are point mutations, 
although splice site mutations resulted in a more intense clin-
ical phenotype (17,19,25). The majority of these reports were 
from Asian patients and consistent with the previously identi-
fied higher percentage incidence of cleft palate among them. 
Tan et al (25) identified that the 396C‑T mutation in the IRF6 
gene fragment may be a IRF6 pathogenic factor. In addition, 
the study suggests that the IRF6 gene mutation distribution 
in VWS patients is not random and the majority of mutations 
are located on exons 3, 4, 7 and 9, with ~1/5 of the mutations 
present on exon 9 (18‑20,23,24,26). The pathogenic mutation 
research for VWS has been performed with a relatively small 
Chinese cohort. The present study collected data from two 
VWS families and identified that the pathogenic mutations 
were all located on exon 9. Therefore, the exon 9 may be a hot 
spot mutation in VWS occurring in Chinese patients. It will be 
necessary to expand the sample size in the future in order to 
conduct in‑depth research.

In conclusion, the accumulation of these clinical data and 
the study of pathogenic mutations may prove useful for the 
differential diagnosis of VWS and NSCL/P. In addition, the 

results of the present study may identify potential therapeutic 
targets. They also provide the basis and support for genetic 
counseling and prenatal diagnosis, and the prevention of cleft 
lip and palate with gene therapy. With the advent of the genome, 
improved pathogenic mutation research into the syndrome 
of cleft lip and palate may be achieved, and the association 
between VWS and NSCL/P analyzed and clarified in the 
Chinese population. It is hypothesized that genetic research 
regarding NSCL/P and study of the underlying molecular 
mechanism of the occurrence of cleft lip and palate, will 
make greater progress in the future. The authors believe that 
the study of mutations in this syndrome will aid therapeutic 
research and improve the quality of life in patients with VWS.
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