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1 | INTRODUCTION

Orofacial clefts (OFC) are the most common craniofacial
malformations in humans with complex pathogenesis, which
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Abstract

Background: Interferon Regulatory Factor 6 (IRF6) gene encodes a member of
the IRF family of transcription factors. Mutations in /RF6 cause Van der Woude
Syndrome (VWS), which is the most common malformation of syndromic orofacial
clefts in humans.

Methods: Here, we performed sequencing studies of six families with VWS in the
Chinese Han population. The entire /RF6-coding region and the exon—intron bound-
aries including exons 3-8 and part of exon 9 were screened among all the collected
family members by Sanger sequencing.

Results: We found a novel splice site variant c.175-6T>A, two novel missense
variants (p.Lys66Arg and p.Pro107Thr), in addition with a previously reported mis-
sense variant (p.Leu87Phe), which were all located in and nearby exon 4 of IRF6.
Meanwhile, a novel frameshift variant p.G257Vfs*46 in exon 7 of IRF6 was also
detected. All the mutations presented to be co-segregated in each family.
Conclusion: Our study has advanced the understanding of the genetic architecture
of VWS and provides the basis for genetic counseling, antenatal diagnosis, and gene

therapy of high risk groups.
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are often classified as syndromic or nonsyndromic (Dixon,
Marazita, Beaty, & Murray, 2011; Mossey, Little, Munger,
Dixon, & Shaw,2009). So far, according to the Online Mendelian
Inheritance in Man (OMIM) database (www.omim.org),
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more than 500 syndromes with clefting phenotypes have been
reported worldwide. Among them, VWS (OMIM: 119300) is
the most common form, accounting for 2% of all OFC cases,
with the birth prevalence rate of 1 in 35,000 approximately
(Leslie et al., 2013). The VWS is inherited as an autosomal
dominant mode with high penetrance (96.7%) and variable
manifestations (Janku et al., 1980; de Lima et al., 2009). In
VWS patients, lower lip pits and/or sinuses are considered to
be the main characteristic features, which varies from a single
barely evident depression to bilateral fistulae. Lip pits totally
present in over 80% of VWS cases, and sometimes are the only
visible defect in 64% VWS patients. The other frequently asso-
ciated phenotypes with VWS include cleft lip with or without
cleft palate (CL/P), cleft palate only (CPO), and hypodontia
(Rizos & Spyropoulos, 2004; Wang et al., 2019).

IRF6 (OMIM: 607199) has been reported to cause VWS
in almost 70% of the affected families among different pop-
ulations (Peyrard-Janvid et al., 2014). IRF6, which belongs
to a family of transcription factors, has two conserved do-
mains, a winged-helix DNA-binding domain (DBD), and a
protein-binding domain which is also termed SMIR (Smad-
interferon regulatory factor-binding domain; Kondo et al.,
2002; Leslie et al., 2013; de Lima et al., 2009). To date, over
300 different mutations in /RF6, including missense, non-
sense, frameshift, microdeletions, splice-site mutations, and
so forth, have been reported to cause VWS, Popliteal pteryg-
ium syndrome (PPS, MIM: 119500), Oral clefts and other
diseases, of which more than 200 mutations were detected in
VWS. A majority of these identified mutations are nonran-
domly distributed and observed to be enriched in either exon 3
and 4, which encodes the DNA-binding domain, or in exon 7
and 9, which are in the protein-binding domain (Busche, Hehr,
Sieg, & Gillessen-Kaesbach, 2016; Charzewska et al., 2015;
Kondo et al., 2002; Leslie et al., 2013; de Lima et al., 2009).

To gain a better understanding of the genetic basis underly-
ing VWS in the Chinese Han population, we screened the ge-
nomic DNA from six Chinese pedigrees with VWS by Sanger
sequencing of all coding exons and the flanking intronic re-
gions in /RF6 (exons 3-9). We found a novel splice site vari-
ant ¢.175-6T>A, two novel missense variants (p.Lys66Arg
and p.Prol107Thr), and a previously reported missense variant
(p.Leu87Phe), which were all in exon 4. In addition, a novel
frameshift variant p.G257Vfs*46 in exon 7 was also detected.

2 | METHODS

2.1 | Ethical compliance and samples

The current study was approved by the institutional ethics com-
mittee of the Hospital of Stomatology, Wuhan University. All
the patients were interviewed and clinically assessed by at least
two experienced clinicians, and a detailed questionnaire was

completed to clarify the diagnosis and understand the genetic
background. The criteria for the diagnosis of VWS were the
presence of lower lip pits and/or sinuses, with or without CL/P
or CPO. Informed written consent was taken from each proband
or the guardians of those who were under age. Peripheral blood
samples were collected from affected probands, their parents,
and from available affected and unaffected family members.

Approximately 4 ml EDTA anticoagulated venous blood
sample was collected from each participant. Genomic DNAs
of the cases were extracted from peripheral blood lympho-
cytes using the standard sodium dodecyl sulfate-proteinase
K-phenol/chloroform method. After quality control, DNAs
were diluted to working concentrations of 100 ng/pl for se-
quencing. DNA samples of 200 unrelated healthy controls
were selected from our previous study.

2.2 | Clinical information
The six enrolled families were listed as follows (Figure 1;
Table S1).

Family 1: Patient Il:1 had bilateral lower lip pits, and com-
plete bilateral cleft of the lip, palate and alveolar (BCCLP).
The patient's father had bilateral lower lip pits and incomplete
right cleft of the lip (RICL).

Family 2: Patient II:1 had bilateral lower lip pits and
BCCLP. The patient's mother had bilateral lower lip pits, and
complete left cleft of the lip, palate, and alveolar (LCCLP).

Family 3: Patient Il:1 had bilateral lower lip pits, com-
plete bilateral cleft of the lip (BCCL), incomplete cleft palate
(ICP), and complete bilateral cleft of the alveolar (BCCA).
The patient's mother had ICP.

Family 4: Patient II:2 had bilateral lower lip pits, BCCL
and BCCA. The patient's father also had bilateral lower lip
pits, BCCL and BCCA.

Family 5: Patient Ill:1 had bilateral lower lip pits without
CL/P (No image data). The patient's grandmother, father, and
his first uncle all had bilateral lower lip pits, complete right
cleft of the lip (RCCL), and complete right cleft of the al-
veolar (RCCA). In addition, the patient's second uncle had
bilateral lower lip pits, complete left cleft of the lip (LCCL),
and complete left cleft of the alveolar (LCCA).

Family 6: Patient II:1 had bilateral lower lip pits, and com-
plete right cleft of the lip, palate and alveolar (RCCLP). The
patient's mother had RCCLP (No image data).

2.3 | Sequencing

Exons 3-8 and part of exon 9 of /RF6 which spanned the en-
tire IRF6-coding region and the exon—intron boundaries were
amplified by using the primers that were designed via Primer3
(http://primer3.ut.ee/; Rozen & Skaletsky, 2000; Untergasser
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FIGURE 1 Pedigrees of the Van = 175-6T>A
der Woude Syndrome (VWS) families. F—( ) T 6 c..r T 6T C A G
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VWS family. The plus signs represent the
patients who have bilateral lower lip pits.
The solid black circle and square represent
the patients who have CL/P. In Family 1, a
novel splice site variant ¢.175-6T>A was
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found in I:1 and Il:1. Two novel missense
variants p.Prol07Thr and p.Lys66Arg
were detected in Family 2 and Family 3,
respectively. A novel frameshift mutation
p-G257V{s*46 was found in both Family

4 and Family 5, and affected totally seven
patients. In Family 6, a previously reported

missense variant p.Leu87Phe was detected
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et al., 2012). The polymerase chain reaction (PCR) primers

§ were made by Sangon Biotech Co., Ltd. The sequence of the
g é primers are shown in Table S2. After amplifying and purifying,
B~ 0 < e~ the DNA sequences were detected with an ABI 3730XL genetic
N .In .. analyzer (Applied Biosystems). Sequence aligning and analyz-
- 2 § % 2 § ing were performed by CHROMAS and BLAST program on
'§ 5 § g é % é the National Center for Biotechnology Information (NCBI). To
SE | £ 22L& confirm the DNA sequence variants, sequencing of the opposite
- 2 strand was performed. In addition, to exclude the possibility of
;é) o %D o single-nucleotide polymorphism (SNP), 200 unrelated healthy
) §) g,, §o controls were examined, respectively. After these, we then
g 5 5 5 compared the mutations found in this study to mutations which
£ z z z are shown in Ensembl database (http://asia.ensembl.org/index.
E:: | i i | i html) and the Human Gene Mutation Database (HGMD, http://
= - www.hgmd.cf.ac.uk/ac/index.php). Reference sequences for
g Z" 2,3 Z" IRF6 genomic DNA, cDNA, and protein were NG_007081.2,
‘é ? %7 i NM_006147.4, and NP_006138.1, respectively.
24 | 848 1 | a8 To predict the functional effects of the mutations iden-
. tified in the study, in silico prediction programs were con-
é :§I Ei EI; ducted by using bioinformatics tools, including the Human
z gy g Splicing Finder (HSF v.3.1, http://www.umd.be/HSF; Desmet
E 3 “ ﬁ H et al., 2009), Protein Variation Effect Analyzer (PROVEAN,
G A http://provean.jcvi.org/index.php; Choi & Chan, 2015),
PolyPhen-2 (http://genetics.bwh.harvard.edu/pph2/; Adzhubei
et al., 2010), Mutation Taster (http://www.mutationtaster.org/;
g g A A E E oA Schwarz, Cooper, Schuelke, & Seelow, 2014) and HOPE
£ 3 B8 2 2 3 (https://www3.cmbi.umen.nl/hope; Venselaar, Beek, Kuipers,
Hekkelman, & Vriend, 2010).
2 s g
g F1717777 3 | RESULTS
R=
E - = . FF oy All the six pedigrees involving two or three generations were
§ g 2, § § Em é g continuously inheriting, that was at least one patient affected
2 g g | ni 3: é é 112 in each generation. Patients all had bilateral lower lip pits and
£ CL/P except patient in Family 5 who had only bilateral lower
% 5 lip pits, but the phenotypes among them varied severity. The
g z < N . 3 affected parents also had bilateral lower lip pits and CL/P, ex-
g g S35 %3 S cept the affected mothers in Family 3 and 6 who did not show
% & % % % % % % § lip pits/sinuses. It was worth mentioning that in Family 1 to
% g Family 3, and Family 6 the clinical phenotypes of the offsprings
% < g 3 & 5 4 E‘; were more serious than their affected parents (Figure 1).
—é’ "é § g £ g § =1 According to the sequencing analyses, we found a novel
S = | EE & & E g frameshift variant, two novel and one previously reported
E 5 2 missense variants, as well as a novel splice variant, which
§ E . H-B “g were all heterozygous mutations (Figure 1; Figure S1). None
g § of the novel mutations was detected in healthy controls or
E = g previously reported. In Family 1, a new splice variant c.175-
= e 2 6T>A was found at the splice site of exon 4. In Family 2,
- M- c0 T = g a novel missense variant ¢.319C>A, led to a p.Prol07Thr
ﬁ g % § = change in amino acid level. In Family 3, we found a new
ﬁ E ;‘ z\ % missense variant c.197A>G at a previously reported muta-
= Bo ey e zz§E tion site, that led to p.Lys66Arg which was different from
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previously reported p.Lys66X in VWS (Butali et al., 2014)
and p.Lys66Thr found in PPS (Kondo et al., 2002). A pre-
viously known missense variant ¢.259C>T (p.Leu87Phe; de
Lima et al., 2009) was found in Family 6. All the above mu-
tations were in and nearby exon 4. In addition, a single-base
deletion in exon 7, ¢.770delG leading to a frameshift and in-
troducing a premature stop codon p.G257Vfs*46 was identi-
fied in Family 4 and Family 5. The mutations presented to be
co-segregated in each family.

The three missense mutations were all predicted to be
destructive according to in silico studies (Table 1). HOPE
revealed that at the amino acid position 107, the wild-type
residue was more hydrophobic than the mutant residue,
which changed from nonpolar amino acid to neutral polar
amino acid, while at the position 66 and 87 the hydropho-
bicity value did not change between residues of the wild type
and the mutant. The mutant residue is bigger than the wild-
type residue at positions 66 and 87 (Figure 2a—c). The three
amino acids were all located in the DNA-binding domain of
IRF6. In the 3D-structure, it can be seen that at position 87

¥

FIGURE 2
the original (left) and the mutant (right)

Schematic structures of

amino acid. The backbone, which is the
same for each amino acid, is colored red.
The side chain, unique for each amino

acid, is colored black. (a) A Proline into a
Threonine at position 107 in Van der Woude
Syndrome (VWS) Family 2; (b) a Lysine
into an Arginine at position 66 in VWS

O

Family 3; (c) a Leucine into a Phenylalanine
at position 87 in VWS Family 6

H
NH
OH

the wild-type residue was located in an o-helix. The muta-
tion converted the wild-type residue in a residue that did not
prefer a-helices as the secondary structure. Of the other two
amino acids that were both located at the random coil regions
(Figure 3a-i; Figures S2-S7), the wild-type residue at posi-
tion 66 was annotated to be involved in DNA interaction type:
"IRF tryptophan pentad repeat". The three missense muta-
tions changed the size, hydrophobicity, and structure of each

amino acid residue, thus affecting the function and disturbed
regulation of the protein.

4 | DISCUSSION

Phenotypic heterogeneity are detected in the six VWS
families. Two of the fifteen patients do not show the typi-
cal phenotypes: lip pits/sinuses, which are consistent with
previous findings (Janku et al., 1980; Kaul, Mahajan,
Gupta, & Kotwal, 2014). It was reported that sometimes
the lip pits may be too tiny to be found, such as the form
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FIGURE 3 Overview of the IRF6 protein in ribbon presentation. The protein is colored by element; a-helix = blue, p-strand = red,

turn = green, 3/10 helix = yellow and random coil = cyan. Other molecules in the complex are colored gray when present (a, d and g). The protein

is colored gray, the side chain of the mutated is colored magenta and shown as small balls (b, e and h). The side chains of both the wild-type and

the mutant residue are shown and colored green and red, respectively (c, f and i). (b, e and h) are the partial enlarged views of (a, d and g). (c, f and

i) are close-ups of the mutations at positions 107, 66, and 87, respectively

of a single barely evident depression or transverse slit
(Desmyter et al., 2010; Rintala & Ranta, 1981). So care-
ful examinations are needed when a patient has the fam-
ily history of orofacial clefting. The main cause of lip pits
present in VWS is thought to be notching of the lip with
fixation of the tissue at the base of the notch or failure of a
complete union of the embryonic lateral sulci of the lip, at
an early stage of the labial development (Deshmukh et al.,
2014; Ural, Bilgen, Cakmakli, & Bekerecioglu, 2019). The
phenotypes of both lip pits and CL/P show variable forms,
even in the same family the manifestations of the patients
are different though they carry the same mutation in /IRF6,
which is in accordance with previous studies (Butali et al.,
2014; de Lima et al., 2009; Tan, Lim, Lim, & Lee, 2017),
and the reason may be epigenetic modification of DNA in

IRF6. By comparing the phenotypes and genotypes among
the six VWS families, we observed that the type of mu-
tation has no correlation in predicting the severity of this
disease, which was similarly described in a previous study
(Butali et al., 2014).

Totally, five different mutations of /RF6 in six Chinese
Han VWS families were identified. We found a novel
splice-site variant c.175-6T>A at 5' end of exon 4, which is
predicted to locate in an acceptor site by using the HSF da-
tabase. Although no significant splicing motif alteration was
detected by searching c.175-6T>A or c.175-5C>G (a SNP,
1s7552506), respectively, in HSF database, when searching
the combination of them which presented in both patient and
his affected father in Family 1 (Figure 1), it is predicted to alter
the wild-type acceptor site and most probably affect splicing.
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The novel frameshift mutation ¢.770delG (p.G257V{s*46)
found in exon 7 is predicted to result in a change in the IRF6
reading frame and introduce a stop codon within exon 7, lead-
ing to 166 amino acids truncation of the protein encoded by
IRF6, thus destroying the function of IRF6. The frameshift
mutation was predicted to be disease causing according to the
Mutation Taster database.

All the three missense mutations (p.Prol07Thr, p.Lys-
66Arg, and p.Leu87Phe) are localized in regions encoding
the DNA-binding domain. At the amino acid 107 position,
HOPE revealed that the novel mutated residue was not in
contact with a metal, however, one of the neighboring res-
idues did make a metal-contact that might be affected by
the mutation in its vicinity. And the mutation might cause
loss of hydrophobic interactions with other molecules on
the surface of the protein. The wild-type residue proline is
known to be very rigid and therefore induce a special back-
bone conformation which might be required at this position,
but the mutation can disturb this special conformation. At
position 66, a mutation to "Threonine" was found at this
position and was annotated as PPS (Kondo et al., 2002) and
a nonsense variant p.Lys66X was reported in a VWS family
in sub-Saharan Africa (Butali et al., 2014), which are dif-
ferent from the mutation found in our study. HOPE showed
that the residue was located on the surface of the protein,
and mutation of this residue could disturb interactions
with other molecules or other parts of the protein. Based
on these studies, we speculate that the amino acid in posi-
tion 66 in IRF6 is a mutational hot spot of syndromic CL/P
among different populations. The same mutation p.Le-
u87Phe found in our study was previously reported by de
Lima et al. in the VWS family (de Lima et al., 2009). Of the
three missense mutations, the mutated residues are located
in a domain that is important for binding of other molecules
and in contact with residues in a domain that is also import-
ant for binding. The mutations might disturb the interaction
between these two domains and thereby affect the function
of the protein. None of the mutations at these three posi-
tions was observed in other homologous sequences. Based
on the in silico studies such as PROVEAN, SIFT, PolyPhen
and Mutation Taster, the three missense mutations were all
predicted to be disease causing.

The five mutations in our study segregate in their families,
respectively. These patterns of inheritance are in accordance
with the pattern of VWS caused by autosomal dominant in-
heritance. As the most common form of syndromic OFC,
VWS affects about 200,000 people in the world. However,
the genetic basis of VWS is still not clear. More sequencing
and functional investigations of VWS would provide theoret-
ical basis for genetic consultation, antenatal diagnosis, and
gene therapy of CL/P. Meanwhile, it is helpful to elucidate
the pathogenesis of nonsyndromic CL/P.

ACKNOWLEDGMENTS

We appreciate the patients and their families for participating
in this study. This work was funded by the National Natural
Science Foundation of China (81970904 and 81970923),
the National Science Foundation of Hubei Province
(2018CFB507), and the Independent scientific research pro-
ject of Wuhan University (413000065).

CONFLICT OF INTEREST
The authors have no conflicts of interest relevant to this

article.

AUTHOR CONTRIBUTIONS

Z.B.and Y. Q. Y. conceived the study. Y. Q. Y. and Y. T.
W. performed the experiments, analyzed the data, and wrote
the manuscript. C. Q. Q. collected the samples. M. H. and H.
T. Y. participated in the study design. M. H., C. Q. Q., and
H. T. Y. reviewed and revised the manuscript. All authors
approved the final manuscript as submitted and agree to be
accountable for all aspects of the work.

ORCID

Yangin Yu "= https://orcid.org/0000-0003-4817-5769
Miao He "= https://orcid.org/0000-0001-8255-8072
REFERENCES

Adzhubei, I. A., Schmidt, S., Peshkin, L., Ramensky, V. E., Gerasimova,
A., Bork, P, ... Sunyaev, S. R. (2010). A method and server for pre-
dicting damaging missense mutations. Nature Methods, 7, 248-249.
https://doi.org/10.1038/nmeth0410-248

Busche, A., Hehr, U., Sieg, P., & Gillessen-Kaesbach, G. (2016). Van
der Woude and Popliteal Pterygium Syndromes: Broad intrafamil-
ial variability in a three generation family with mutation in IRF6.
American Journal of Medical Genetics. Part A, 170, 2404-2407.

Butali, A., Mossey, P. A., Adeyemo, W. L., Eshete, M. A., Gaines, L.
A.,Even, D, ... Murray, J. C. (2014). Novel IRF6 mutations in fam-
ilies with Van Der Woude syndrome and popliteal pterygium syn-
drome from sub-Saharan Africa. Molecular Genetics & Genomic
Medicine, 2, 254-260. https://doi.org/10.1002/mgg3.66

Charzewska, A., Obersztyn, E., Hoffman-Zacharska, D., Lenart, J.,
Poznanski, J., & Bal, J. (2015). Novel mutations in the IRF6 gene
on the background of known polymorphisms in polish patients
with orofacial clefting. Cleft Palate-Craniofacial Journal, 52,
el61-167.

Choi, Y., & Chan, A. P. (2015). PROVEAN web server: A tool to pre-
dict the functional effect of amino acid substitutions and indels.
Bioinformatics, 31, 2745-2747. https://doi.org/10.1093/bioinforma
tics/btv195

de Lima, R. L. L. F., Hoper, S. A., Ghassibe, M., Cooper, M. E.,
Rorick, N. K., Kondo, S., ... Schutte, B. C. (2009). Prevalence
and nonrandom distribution of exonic mutations in interferon reg-
ulatory factor 6 in 307 families with Van der Woude syndrome
and 37 families with popliteal pterygium syndrome. Genetics in
Medicine, 11,241-247. https://doi.org/10.1097/GIM.0b013e3181
97a49a


https://orcid.org/0000-0003-4817-5769
https://orcid.org/0000-0003-4817-5769
https://orcid.org/0000-0001-8255-8072
https://orcid.org/0000-0001-8255-8072
https://doi.org/10.1038/nmeth0410-248
https://doi.org/10.1002/mgg3.66
https://doi.org/10.1093/bioinformatics/btv195
https://doi.org/10.1093/bioinformatics/btv195
https://doi.org/10.1097/GIM.0b013e318197a49a
https://doi.org/10.1097/GIM.0b013e318197a49a

YU ET AL.

Molecular Genetics & Genomic Medicine_wl LEYM

Deshmukh, P. K., Deshmukh, K., Mangalgi, A., Patil, S., Hugar, D., &
Kodangal, S. F. (2014). Van der Woude syndrome with short review
of the literature. Case Reports in Dentistry, 2014, 1-6. https://doi.
org/10.1155/2014/871460

Desmet, F. O., Hamroun, D., Lalande, M., Collod-Beroud, G., Claustres,
M., & Beroud, C. (2009). Human splicing finder: An online bioin-
formatics tool to predict splicing signals. Nucleic Acids Research,
37, e67. https://doi.org/10.1093/nar/gkp215

Desmyter, L., Ghassibe, M., Revencu, N., Boute, O., Lees, M., Francois,
G., ... Vikkula, M. (2010). IRF6 screening of syndromic and a pri-
ori non-syndromic cleft lip and palate patients: Identification of a
new type of minor VWS sign. Molecular Syndromology, 1, 67-74.
https://doi.org/10.1159/000313786

Dixon, M. J., Marazita, M. L., Beaty, T. H., & Murray, J. C. (2011). Cleft
lip and palate: Understanding genetic and environmental influences.
Nature Reviews Genetics, 12, 167-178. https://doi.org/10.1038/
nrg2933

Janku, P., Robinow, M., Kelly, T., Bralley, R., Baynes, A., Edgerton, M.
T., & Opitz, J. M. (1980). The van der Woude syndrome in a large
kindred: Variability, penetrance, genetic risks. American Journal of
Medical Genetics, 5, 117-123. https://doi.org/10.1002/ajmg.13200
50203

Kaul, B., Mahajan, N., Gupta, R., & Kotwal, B. (2014). The syn-
drome of pit of the lower lip and its association with cleft pal-
ate. Contemporary Clinical Dentistry, 5, 383-385. https://doi.
org/10.4103/0976-237X.137961

Kondo, S., Schutte, B. C., Richardson, R. J., Bjork, B. C., Knight, A. S.,
Watanabe, Y., ... Murray, J. C. (2002). Mutations in IRF6 cause Van
der Woude and popliteal pterygium syndromes. Nature Genetics, 32,
285-289. https://doi.org/10.1038/ng985

Leslie, E. J., Standley, J., Compton, J., Bale, S., Schutte, B. C., & Murray,
J. C. (2013). Comparative analysis of IRF6 variants in families with
Van der Woude syndrome and popliteal pterygium syndrome using
public whole-exome databases. Genetics in Medicine, 15, 338-344.
https://doi.org/10.1038/gim.2012.141

Mossey, P. A., Little, J., Munger, R. G., Dixon, M. J., & Shaw, W. C.
(2009). Cleft lip and palate. Lancet, 374, 1773-1785. https://doi.
org/10.1016/S0140-6736(09)60695-4

Peyrard-Janvid, M., Leslie, E. J., Kousa, Y. A., Smith, T. L., Dunnwald,
M., Magnusson, M., ... Schutte, B. C. (2014). Dominant mutations
in GRHL3 cause Van der Woude Syndrome and disrupt oral perid-
erm development. American Journal of Human Genetics, 94,23-32.
https://doi.org/10.1016/j.ajhg.2013.11.009

Rintala, A. E., & Ranta, R. (1981). Lower lip sinuses: I. Epidemiology,
microforms and transverse sulci. British Journal of Plastic Surgery,
34, 26-30.

Open Access,

Rizos, M., & Spyropoulos, M. N. (2004). Van der Woude syndrome:
A review. Cardinal signs, epidemiology, associated features, dif-

ferential diagnosis, expressivity, genetic counselling and treatment.
European Journal of Orthodontics, 26, 17-24.

Rozen, S., & Skaletsky, H. (2000). Primer3 on the WWW for general
users and for biologist programmers. Methods in Molecular Biology,
132, 365-386.

Schwarz, J. M., Cooper, D. N., Schuelke, M., & Seelow, D. (2014).
MutationTaster2: Mutation prediction for the deep-sequencing age.
Nature Methods, 11, 361-362. https://doi.org/10.1038/nmeth.2890

Tan, E. C., Lim, H. W., Lim, E. C. P, & Lee, S. T. (2017). A Novel
Interferon Regulatory Factor 6 Mutation in an Asian Family With
Van der Woude Syndrome. The Cleft Palate-Craniofacial Journal,
54, 442445 https://doi.org/10.1597/15-327

Untergasser, A., Cutcutache, 1., Koressaar, T., Ye, J., Faircloth, B. C.,
Remm, M., & Rozen, S. G. (2012). Primer3—new capabilities and in-
terfaces. Nucleic Acids Research, 40, el15. https://doi.org/10.1093/
nar/gks596

Ural, A., Bilgen, F., Cakmakli, S., & Bekerecioglu, M. (2019). Van der
Woude syndrome with a novel mutation in the IRF6 gene. Journal
of Craniofacial Surgery, 30, e465—e467. https://doi.org/10.1097/
SCS.0000000000005552

Venselaar, H., Te Beek, T. A., Kuipers, R. K., Hekkelman, M. L., &
Vriend, G. (2010). Protein structure analysis of mutations caus-
ing inheritable diseases. An e-Science approach with life scien-
tist friendly interfaces. BMC Bioinformatics, 11, 548. https://doi.
org/10.1186/1471-2105-11-548

Wang, T.J., Hsieh, K. S., Lai, J. P, Tsai, M. H., Liang, Y. C., & Chang,
Y. H. (2019). Novel mutations of IRF6 gene in Taiwanese Van der
Woude syndrome patients. Pediatrics & Neonatology, 60, 218-220.
https://doi.org/10.1016/j.pedneo.2018.04.008

SUPPORTING INFORMATION
Additional supporting information may be found online in
the Supporting Information section.

How to cite this article: Yu'Y, Wan Y, Qin C, Yue H,
Bian Z, He M. Novel IRF6 mutations in Chinese Han
families with Van der Woude syndrome. Mol Genet
Genomic Med. 2020;8:e1196. https://doi.org/10.1002/

mge3.1196



https://doi.org/10.1155/2014/871460
https://doi.org/10.1155/2014/871460
https://doi.org/10.1093/nar/gkp215
https://doi.org/10.1159/000313786
https://doi.org/10.1038/nrg2933
https://doi.org/10.1038/nrg2933
https://doi.org/10.1002/ajmg.1320050203
https://doi.org/10.1002/ajmg.1320050203
https://doi.org/10.4103/0976-237X.137961
https://doi.org/10.4103/0976-237X.137961
https://doi.org/10.1038/ng985
https://doi.org/10.1038/gim.2012.141
https://doi.org/10.1016/S0140-6736(09)60695-4
https://doi.org/10.1016/S0140-6736(09)60695-4
https://doi.org/10.1016/j.ajhg.2013.11.009
https://doi.org/10.1038/nmeth.2890
https://doi.org/10.1597/15-327
https://doi.org/10.1093/nar/gks596
https://doi.org/10.1093/nar/gks596
https://doi.org/10.1097/SCS.0000000000005552
https://doi.org/10.1097/SCS.0000000000005552
https://doi.org/10.1186/1471-2105-11-548
https://doi.org/10.1186/1471-2105-11-548
https://doi.org/10.1016/j.pedneo.2018.04.008
https://doi.org/10.1002/mgg3.1196
https://doi.org/10.1002/mgg3.1196

