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Abstract

Rare heterozygous variants in IRF6 (interferon regulatory factor-6) gene cause van der Woude syndrome 1 (VWS1) or
Popliteal Pterygium syndrome, two forms of syndromic cleft lip/palate (CLP) that present with a variety of congenital
malformations due to impairment ectodermal homeostasis. These malformations include, in addition to CLP, lip
pits, pterygia, and intraoral and eyelid fibrous bands. Amniotic band sequence (ABS) is a rare condition of unknown
genetic etiology that involves a range of congenital anomalies caused by the entanglement of fibrous bands, which
disrupt fetal body parts. However, ABS co-occurs with CLP and other malformations that cannot be explained by this
mechanism. Therefore, investigating the genetic relationship between ABS and CLP may provide clues regardind the
genes involved in these conditions. Here, we report a case of a girl diagnosed with VWS, autism, intellectual disability,
and congenital right limb anomalies compatible with ABS. Molecular analysis revealed a novel, rare heterozygous
missense variant in IRF6 (NM_006147.3:¢c.970T>C) located in exon 7, inherited from her father. This variant results in
the replacement of serine by proline at position 324 of the IRF6 protein with potentially deleterious effects. This report
expands the mutational landscape of IRF6 and provides further support for a possible link between the genetics of

CLP and ABS.
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Introduction

Van der Woude syndrome 1 (VWS1; OMIM #119300)
is a developmental disorder with an overall prevalence of
1:35,000 - 1:100,000 live births (Cervenka et al., 1967,
Gorlin et al., 2001). It is a rare autosomal dominant inherited
disorder mainly characterized by orofacial manifestations,
such as fistulae (pits) on the paramedian portion of the
vermillion border of the lower lip, with or without spittle
excretion; cleft lip and/or cleft palate (CLP); hypodontia;
abnormalities of limbs, skin, and nails; hearing deficits;
congenital heart disease; cognitive deficits; and cerebral
abnormalities (enlarged volumes of the anterior regions of
the cerebrum) (Huang et al., 2007; Nopoulos et al., 2007a, b).
VWSI presents high penetrance (80% to 90%) and variable
expressivity, with familial recurrence observed in 61% of
cases (van der Woude, 1954; Kantaputra et al., 2002; Rizos
and Spyropoulos, 2004; Nopoulos ef al., 2007b; Angiero et
al.,2018). An allelic syndrome to VWS is Popliteal pterygium
syndrome (PPS; OMIM #119500), which additionally includes
popliteal pterygium, syndactyly, distinct toe/nail abnormality,
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syngnathia, genitourinary malformations, and risk of delayed
language development, learning disabilities, and other mild
cognitive problems (Wong & Hégg, 2004; Mujezinovic, 2017).
Both VWS and PPS may present with oral and eyelid fibrous
bands (Bennun ef al., 2018).

Most of the VWS cases are caused by haploinsufficiency
of the interferon regulatory factor-6 gene (IRF6), located on
1932.2 (VWS1; OMIM #119300). IRF'6 belongs to a family of
transcription factors that share a highly conserved N-terminal
DNA-binding domain (DBD; exon 3-4) and a less-conserved
C-terminal SMAD-interferon regulatory factor binding domain
(SMIR/TAD; exon 7-9), both of which are mutational hot spots
in VWS1. Missense, nonsense, frameshift, microdeletions and
splicing variants in /RF'6 have been reported to cause VWS1
(de Lima et al., 2009; Little et al., 2009). IRF'6 coordinates
epithelial proliferation/differentiation, and mutations in this
gene are responsible for the alterations in ectoderm-derived
tissues observed in VWS1 and PPS (Moretti et al., 2010;
Thomason et al., 2010).

Amniotic band sequence (ABS; OMIM %217100) is
a rare congenital disorder that affects between 0.19 and 8.1
per 10,000 births (Lopez-Muiioz and Becerra-Solano, 2018).
ABS refers to a spectrum of congenital anomalies associated
with amniotic bands that entangle body parts, leading to tissue
disruption. ABS typically presents with constriction rings
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and limb/digital amputations, with the addition of body wall,
neural, spine or craniofacial defects in some cases (Seeds et al.,
1982; Levy et al., 2007; Lopez-Muiioz and Becerra-Solano,
2018; Singh and Gorla, 2022). To date, no underlying genetic
mechanisms have been identified.

Here, we report a girl with VWSI, clinical features
of ABS, autism spectrum disorder (ASD) and intellectual
disability (ID), harboring a rare, novel missense /RF'6 variant.
VWS1 and ABS are rare conditions that may share causative
factors, and reporting new cases where they co-occur may
provide grounds to elucidate etiological mechanisms.

Subject and Methods

Clinical evaluation

At the age of nine, the female patient was referred to
the Genetics Clinic of the Medical School of Sdo José do Rio
Preto, Sdo Paulo, Brazil due to severe autistic behavior. She
was the second daughter of a non-consanguineous marriage,
and her mother was 27 years old and her father was 26
years old. She was born at term (birth weight: 2.280 g, birth
length: 47.5 cm) and there was no teratogenic exposure or
any complications during pregnancy and delivery.

At the first evaluation, at 9 years of age, she presented
with short stature (3rd percentile), flat midface, narrow
palpebral fissures, bilateral lower lip pits, submucous cleft
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palate, bifid uvula, hypodontia (missing right upper canine),
congenital right limb anomalies suggestive of ABS (reduction
and ring-like finger constrictions), ID and ASD. According to
her parents, the developmental milestones were normal until
about one year of age, after which they noticed developmental
regression with onset and progression of autistic-like behaviors,
such as deficit in social communication, repetitive behaviors
(including hand flapping), absence of speech, self-injury,
hyperactivity, irritability, mood disorder and tantrums. At
the age of 3 years, she was diagnosed with ASD. Magnetic
resonance imaging of the brain showed normal results. Her
father presented only bilateral pits in the lower lip, and
had normal neuropsychomotor development. Her sister
had bilateral pits and sinuses in the lower lip, and learning
disabilities. The patient completed the period of regular formal
schooling (9 years) but with great difficulty. She did not
agree to undergo a psychological assessment. They received
the clinical diagnosis of VWSI1. At the age of 17 years, a
second examination of the patient additionally revealed motor
impairment (march with hip swivel), cervical kyphosis and
thoracolumbar scoliosis, and maintenance of important clinical
and behavioral characteristics, such as short stature associated
with ASD and severe cognitive impairment.

Figure 1 shows the clinical characteristics of the patient
at 17 years of age, as well as of her father and sister after
surgical excision of the lower lip pits.

Figure 1 — Patient presenting with short stature and kyphoscoliosis (a and b), lower lip pits (c), hypodontia (absence of the upper right canine tooth) (d),
alteration of right hand with reduction and ring-like finger constrictions (e and f) and normal left hand (g). The father (h) and the sister (i) presenting
with bilateral lower lip pits. Informed consent was obtained from the patient's legal guardian authorizing the publication of these images. Eyes were not

blackened because they contain relevant clinical information.
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Cytogenetic and molecular analysis

The patient’s peripheral blood karyotype was
normal female (46, XX). The array Comparative Genomic
Hybridization (Agilent SurePrint G3 Human CGH Microarrays
4x180K [180,000 oligonucleotide probes]) for screening of
Copy Number Variations (CNVs) was applied (Text S1). The
analysis found no clinically significant CN'Vs.

We performed sequencing analysis of the /RF6 gene,
including coding exons 3 to 8 and a portion of exon 9; the 5’
untranslated region (5’UTR), which includes exons 1 and 2; a
portion of the 3’ untranslated region (3’UTR) comprising part
of exon 9; and the sites of the exon-intron splice extending up
to about 100bp on flanking intronic sequences. An extension
of 143bp corresponding to the upstream region of IRF6 was
also sequenced (Text S1).

Nine Single Nucleotide Variants (SNVs) in /RF6 have
been identified in the proband: eight known variants and one
variant not previously described in the literature, including
ClinVar (Landrum et al., 2016), VarSome (Kopanos et al.,
2019), gnomAD, and the Professional Human Gene Mutation
Database (HGMD).

This novel variant is a heterozygous missense mutation,
NM_006147:c.970T>C, (DNAgl1274T>C, NC_000001.10,
2209963930A>G). This SNV is located in exon 7 within
the IRF6 SMIR/TAD domain (Figure 2) and it leads to the
replacement of serine by proline at position 324 (NP_006138.1;
p-Ser324Pro).

All variants were classified on VarSome (Kopanos et
al., 2019) according to the American College of Medical
Genetics and Genomics (ACMG) standards and guidelines
for the interpretation of variants (Richards et al., 2015), and
based on the following criteria: PM1 (location in mutational hot
spot or well-established functional domain), PM2 (frequency
in control databases, e.g. 1000 Genomes, ExAC, ESP), PP3
(computational evidence, e.g. conservation, splicing impact,
etc), PP1 (co-segregation with disease in family members

in a disease-associated gene), and PP4 (disease-specific
patient’s phenotype or family history). The novel variant
NM _006147:¢.970T>C was classified as likely pathogenic,
and was not present in any control database, including the
Brazilian population (ABraOM) (Naslavsky et al., 2022). The
other eight variants were classified as benign or likely benign.

Sequencing of the proband’s relatives revealed that her
father and sister, but not her mother, carried the same ¢.970T>C
variant, compatible with their VWS clinical presentation. The
mother, father and sister shared nearly all of the benign/likely
benign variants detected in the proband (Table 1).

We obtained the approval of the Human Ethics Committee
of the School of Medicine of Sao Jose do Rio Preto (FAMERP),
State of Sao Paulo, Protocol n° 3306/2010. Informed consent
was obtained from the patient’s father (legal guardian) for the
publication of this case report and its accompanying images.

Discussion

Atleast 200 different variants in the /RF'6 gene have been
described, most of which are missense or protein truncation
mutations (nonsense and frameshift). Overall, 78% of the
VWSI1 pathogenic mutations are located in exons 3, 4 and 7
(Kondo et al., 2002; de Lima et al., 2009). Here, we report a
novel and rare heterozygous missense variant in /RF6 exon
7, ¢.970 T>C:p.(Ser324Pro), classified as likely pathogenic.

Previous work indicates that children with isolated
orofacial clefts may have increased risk for neurodevelopmental
disorders, including ASD and ID (Tillman et al., 2018), while
lower cognitive function and structural brain alterations have
been observed both in individuals with isolated CLP and VWS1
(Nopoulos et al., 2002; Nopoulos et al., 2007a, b). Here, the
patient has ASD and ID that could not be explained by CNVs,
but we cannot rule out the contribution of other genetic and/or
environmental factors. Therefore, whether haploinsufficiency
of IRF6 is a risk factor for these neuropsychiatric phenotypes
remains to be confirmed.

Figure 2 — Representation of the structure of the /RF6 gene showing all the variants found in the proband. The missense mutation in exon 7 occurs at
the binding site of IRF6 protein, where serine is replaced by (red arrow). Chromatogram of exon 7 in the /RF6 gene, illustrating the novel heterozygous
missense mutation (T>C) characterized as NM_006147.3: ¢.970T> C (red arrow).



Table 1 — SNVs found in the /RF6 gene sequencing of the proband.
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Genomic location2

. . S . . . . L . .
Single Nucleotide Variant Gene region (GRCh37/hg19) mRNA location ACMG prediction ClinVar status Publications associated with oral clefts
157545542 upstream 2.209979635C>T c.-304-115G>A Likely Benign Not described Not described
1s7545538 upstream 2.209979613C>G ¢.-304-93G>C Benign Not described Mijiti et al., 2015
Likely . .
rs34743335 upstream 2.209979529A>T c.-304-9T>A Benign Benign Not described
rs12403006 5’UTR (Exon 1) 2.209979518T>A c.-302A>T Benign Benign Not described
S . . Vieira et al., 2007,
1s861019 5’UTR (Exon 2) 2.209975386A>G c.-73T>C Benign Benign Pegelow et al., 2008
. . Zechi-Ceide et al., 2007;
1s7552506 Intron 3 2.209969902G>C c.175-5 C>G Benign Benign Pegelow et al., 2008
Scapoli et al., 2005; Park et al., 2007,
c.459G>T . . Marazita et al., 2009; Lu et al., 2013;
152013162 Exon 5 2:209968684C>A p.Serl53= Benign Benign Wattanawong et al., 2016; Xu et al., 2016;
Soleymani et al., 2022
Scapoli et al., 2005; Huang et al., 2009;
1s2235375 Intron 6 2.209965587G>C ¢.667+27C>G Benign Benign Gurramkonda et al., 2018; Suazo et al., 2020,
Soleymani et al., 2022
Novel variant Exon 7 2209963930A >G c.970T>C Likely Pathogenic Not described Not described
p-(Ser324Pro)

! All variants except for ¢.970T>C (novel variant) were shared by family members. rs7545542, rs7545538, rs34743335, rs12403006 and rs8610192 were shared by the father and sister, while the mother was not evaluated. rs7552506,
rs2013162 and rs2235375 were shared by the mother, father and sister.

2 Accession numbers of the reference sequences of genomic DNA regarding the chromosome, complementary DNA and protein were NC_000001.10, NM_006147.3 and NP_006138.1, respectively (http://www.ncbi.nlm.nih.gov/

RefSeq).
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To date, this is the second report of an ABS-like
presentation in a VWS patient. Kuster and Lambrecht (1988)
reported a girl with VWS and ABS, whose hands showed
a similar presentation to that of our patient’s right hand.
Considering the overall birth prevalence of VWS and ABS,
the probability of co-occurrence of these syndromes would
roughly fall between 1:40,000,000 and 1:5,000,000,000, which
would arguably be a considerably rare, or even unlikely event
if independent etiologies are regarded.

Although “classical” ABS is considered to originate via
disruption of fetal tissue by amniotic bands, some congenital
defects present in part of the ABS cases do not seem to
follow this paradigm. These include malformations such as
CLP and congenital heart defects, which are developmental
phenotypes (Robin et al., 2005). Notably, this observation has
led some authors to suggest that a possible etiological overlap
may be a clue to the genetic etiology of ABS, especially in
the case of syndromic CLP forms associated with oral and
facial fibrous bands. These include VWS/PPS and Hay-Wells
syndrome, caused by mutations in 7P63 (tumor protein p63)
(Robin et al., 2005; Cignini et al., 2012). Interestingly, while
it has been hypothesized that ABS originates from early
ectodermal defects (Hunter et al., 2011), IRF6 and TP63
are known to interact in a regulatory loop responsible for
ectodermal homeostasis that, when disturbed, may result in
either IRF6- or TP63-associated phenotypes (Moretti et al.,
2010). Therefore, one may speculate that disturbances in this
regulatory mechanism may also play a role in at least part
of the ABS cases.

In summary, we report a novel pathogenic variant in
IRF6, expanding the mutational landscape of VWS1 and
PPS. Importantly, disturbances in /RF6 functions during
embryonic development may be an underlying cause of both
VWSI1 and ABS, and exploring this possibility may advance
understanding of their pathogenic mechanisms.

Acknowledgements

We are grateful to the parents of the patient and her sister
for participating in this study. Support was provided by
FAPESP (Grants numbers 2010/14943-6,2011/07833-2, and
2023/08976-9).

Conflict of Interest

The authors declare that they have no competing interests.

Author Contributions

ALBM conceived the study, carried out cytogenetic analysis,
performed data analysis and drafted the manuscript. JGCM
participated in data analysis, helped carry out the clinical
evaluation and writing of the manuscript. ABG helped carry
out the clinical evaluation. GSK and MRPB participated in
the writing, reviewing and editing of the manuscript. ACFC
made contributions to the acquisition and interpretation of
data and helped to draft the manuscript. All authors read and
approved the final manuscript.

References

Angiero F, Farronato D, Ferrante F, Paglia M, Crippa R, Rufino
L, Trevisiol A, Mazzola RF and Blasi S (2018) Clinical,
histomorphological and therapeutic features of the Van der

Woude Syndrome: Literature review and presentation of an
unusual case. Eur J Paediatr Dent 19:70-73.

Bennun RD, Stefano E and Moggi L (2018). Van der Woude and
popliteal pterygium syndromes. J Craniofac Surg 29:1434—
1436.

Cervenka J, Gorlin RJ and Anderson VE (1967) The syndrome
of pits of the lower lip and cleft lip and/or palate: Genetic
considerations. Am J Hum Genet 19:416-432.

Cignini P, Giorlandino C, Padula F, Dugo N, Cafa EV and Spata
A (2012). Epidemiology and risk factors of amniotic band
syndrome, or ADAM sequence. J Prenat Med 6:59-63.

Gorlin RJ, Cohen MMJ and Hennekam RCM (2001) Orofacial
clefting syndromes: Common and well-known syndromes. In:
Motulsky AG, Bobrow M and Harper PS (eds) Syndromes of
the head and neck, 4th edition. Oxford University Press, New
York, 2001, pp 877-911.

de Lima RL, Hoper SA, Ghassibe M, Cooper ME, Rorick NK, Kondo
S, Katz L, Marazita ML, Compton J, Bale S ef al. (2009)
Prevalence and nonrandom distribution of exonic mutations
in interferon regulatory factor 6 in 307 families with Van der
Woude syndrome and 37 families with popliteal pterygium
syndrome. Genet Med 11:241-247.

Gurramkonda VB, Syed AH, Murthy J and Lakkakula BVKS (2018)
IRF6 152235375 single nucleotide polymorphism is associated
with isolated non-syndromic cleft palate but not with cleft
lip with or without palate in South Indian population. Braz J
Otorhinolaryngol 84:473-477.

Huang JJ, Hou JW, Tan YC, Chen KT, Lo LJ and Chen YR (2007)
Van der Woude syndrome: Clinical presentation in 64 patients.
Cleft Palate Craniofac J 44:649—652.

Huang Y, Wu J, Ma J, Beaty TH, Sull JW, Zhu L, Lu D, Wang Y,
Meng T and Shi B (2009) Association between IRF6 SNPs
and oral clefts in West China. J Dent Res 88:715-718.

Hunter AG, Seaver LH and Stevenson RE (2011) Limb-body wall
defect. Is there a defensible hypothesis and can it explain all the
associated anomalies? Am J Med Genet A 155A:2045-2059.

Kantaputra PN, Sumitsawan Y, Schutte BC and Tochareontanaphol
C (2002) Van der Woude syndrome with sensorineural hearing
loss, large craniofacial sinuses, dental pulp stones, and minor
limb anomalies: Report of a four-generation Thai family. Am
J Med Genet 108:275-80.

Kondo S, Schutte BC, Richardson RJ, Bjork BC, Knight AS, Watanabe
Y, Howard E, de Lima RL, Daack-Hirsch S, Sander A et al.
(2002) Mutations in IRF6 cause Van der Woude and popliteal
pterygium syndromes. Nat Genet 32:285-289.

Kopanos C, Tsiolkas V, Kouris A, Chapple CE, Albarca Aguilera
M, Meyer R and Massouras A (2019) VarSome: The human
genomic variant search engine. Bioinformatics 35:1978-1980.

Kuster W and Lambrecht JT (1988) Cleft lip and palate, lower lip
pits, and limb deficiency defects. ] Med Genet 25:565-567.

Landrum MJ, Lee JM, Benson M, Brown G, Chao C, Chitipiralla
S, Gu B, Hart J, Hoffman D, Hoover J et al. (2016) ClinVar:
Public archive of'interpretations of clinically relevant variants.
Nucleic Acids Res 44:D862-D868.

Levy R, Lacombe D, Rougier Y and Camus E (2007) Limb body
wall complex and amniotic band sequence in sibs. Am J Med
Genet A 143A:2682-2687.

Little HJ, Rorick NK, Su LI, Baldock C, Malhotra S, Jowitt T, Gakhar
L, Subramanian R, Schutte BC, Dixon MJ et al. (2009).
Missense mutations that cause Van der Woude syndrome
and popliteal pterygium syndrome affect the DNA-binding
and transcriptional activation functions of IRF6. Hum Mol
Genet 18:535-545.

Loépez-Muiioz E and Becerra-Solano LE (2018) An update on amniotic
bands sequence. Arch Argent Pediatr 116:e409-e420.

LuY, Liu Q, Xu W, Li Z, Jiang M, Li X, Zhao N, Liu W, Sui Y,
Ma C et al. (2013) TGFA and IRF6 contribute to the risk of



nonsyndromic cleft lip with or without cleft palate in northeast
China. PLoS One 8:¢70754.

Marazita ML, Lidral AC, Murray JC, Field LL, Maher BS, Goldstein
McHenry T, Cooper ME, Govil M, Daack-Hirsch S, Riley
B, Jugessur A et al. (2009) Genome scan, fine-mapping, and
candidate gene analysis of non-syndromic cleft lip with or
without cleft palate reveals phenotype-specific differences
in linkage and association results. Hum Hered 68:151-170.

Mijiti A, Ling W, Guli and Moming A (2015) Association of
single-nucleotide polymorphisms in the IRF6 gene with non-
syndromic cleft lip with or without cleft palate in the Xinjiang
Uyghur population. Br J Oral Maxillofac Surg 53:268-274.

Moretti F, Marinari B, Lo Iacono N, Botti E, Giunta A, Spallone G,
Garaffo G, Vernersson-Lindahl E, Merlo G, Mills AA et al.
(2010) A regulatory feedback loop involving p63 and IRF6 links
the pathogenesis of 2 genetically different human ectodermal
dysplasias. J Clin Invest 120:1570-1577.

Mujezinovi¢ PM (2017). A case of familial Van der Woude syndrome
and popliteal pterygium syndrome. In: Proceedings of 16th
World Congress in Fetal Medicine, Slovenia.

Naslavsky MS, Scliar MO, Yamamoto GL, Wang JYT, Zverinova
S, Karp T, Nunes K, Ceroni JRM, de Carvalho DL, da Silva
Simoes CE et al. (2022). Whole-genome sequencing of 1,171
elderly admixed individuals from Sdo Paulo, Brazil. Nat
Commun 13:1004.

Nopoulos P, Berg S, Canady J, Richman L, Van Demark D and
Andreasen NC (2002) Structural brain abnormalities in adult
males with clefts of the lip and/or palate. Genet Med 4:1-9.

Nopoulos P, Richman L, Andreasen N, Murray JC and Schutte B
(2007a) Cognitive dysfunction in adults with Van der Woude
syndrome. Genet Med 9:213-218.

Nopoulos P, Richman L, Andreasen NC, Murray JC and Schutte
B (2007b) Abnormal brain structure in adults with Van der
Woude syndrome. Clin Genet 71:511-517.

Park JW, MclIntosh I, Hetmanski JB, Jabs EW, Vander Kolk CA,
Wu-Chou YH, Chen PK, Chong SS, Yeow V, Jee SH et al.
(2007) Association between IRF6 and nonsyndromic cleft
lip with or without cleft palate in four populations. Genet
Med 9:219-927.

Pegelow M, Peyrard-Janvid M, Zucchelli M, Fransson I, Larson
O, Kere J, Larsson C and Karsten A (2008) Familial non-
syndromic cleft lip and palate—analysis of the IRF6 gene and
clinical phenotypes. Eur J Orthod 30:169-175.

Richards S, Aziz N, Bale S, Bick D, Das S, Gastier-Foster J, Grody
WW, Hegde M, Lyon E, Spector E et al. (2015) Standards
and guidelines for the interpretation of sequence variants:
A joint consensus recommendation of the American College
of Medical Genetics and Genomics and the Association for
Molecular Pathology. Genet Med 17:405-424.

Rizos M and Spyropoulos MN (2004) Van der Woude syndrome:
A review. Cardinal signs, epidemiology, associated features,
differential diagnosis, expressivity, genetic counselling and
treatment. Eur J Orthod 26:17-24.

Robin NH, Franklin J, Prucka S, Ryan AB and Grant JH (2005)
Clefting, amniotic bands, and polydactyly: A distinct phenotype
that supports an intrinsic mechanism for amniotic band
sequence. Am J Med Genet A 137A:298-301.

Scapoli L, Palmieri A, Martinelli M, Pezzetti F, Carinci P, Tognon M
and Carinci F (2005) Strong evidence of linkage disequilibrium
between polymorphisms at the IRF6 locus and nonsyndromic
cleft lip with or without cleft palate, in an Italian population.
Am J Hum Genet 76:180-183.

Seeds JW, Cefalo RC and Herbert WN (1982) Amniotic band
syndrome. Am J Obstet Gynecol 144:243-248.

Singh AP and Gorla SR (2022) Amniotic Band Syndrome. In:
StatPearls. StatPearls Publishing, Treasure Island (FL).

Bossolani-Martins et al.

Soleymani M, Ebadifar A, Khosravi M, Esmaeilzadeh E and Khorram
Khorshid HR (2022) Association of rs2013162 and rs2235375
polymorphisms in IRF6 gene with susceptibility to non-
syndromic cleft lip and palate. Avicenna J Med Biotechnol
14:181-185.

Suazo J, Recabarren AS, Marin NR and Blanco R (2020) Association
between IRF6 variants and nonsyndromic cleft lip with or
without cleft palate in Chile. Reprod Sci 27:1857-1862.

Tillman KK, Hakelius M, Hoijer J, Ramklint M, Ekselius L,
Nowinski D and Papadopoulos FC (2018) Increased risk for
neurodevelopmental disorders in children with orofacial clefts.
J Am Acad Child Adolesc Psychiatry 57:876-883.

Thomason HA, Zhou H, Kouwenhoven EN, Dotto GP, Restivo G,
Nguyen BC, Little H, Dixon MJ, van Bokhoven H and Dixon
J (2010) Cooperation between the transcription factors p63
and IRF6 is essential to prevent cleft palate in mice. J Clin
Invest 120:1561-1569.

Van Der Woude A (1954) Fistula labii inferioris congenita and
its association with cleft lip and palate. Am J Hum Genet
6:244-256.

Vieira AR, Modesto A, Meira R, Barbosa ARS, Lidral AC and Murray
JC (2007) Interferon regulatory factor 6 (IRF6) and fibroblast
growth factor receptor 1 (FGFR1) contribute to human tooth
agenesis. Am J Med Genet Part A 143:538-545.

Wattanawong K, Rattanasiri S, McEvoy M, Attia J and Thakkinstian
A (2016) Association between IRF6 and 8q24 polymorphisms
and nonsyndromic cleft lip with or without cleft palate:
Systematic review and meta-analysis. Birth Defects Res Part
A Clin Mol Teratol 106:773-788.

Wong FK and Hiagg U (2004) An update on the aetiology of orofacial
clefts. Hong Kong Med J 10:331-336.

Xu W, Han WT, Lu YP, Feng WH and Dai M (2016) Association of
single-nucleotide polymorphisms, rs2235371 and rs2013162,
in the IRF6 gene with non-syndromic cleft palate in northeast
China. Genet Mol Res 15:gmr.15038210.

Zechi-Ceide RM, Guion-Almeida ML, de Oliveira Rodini ES, Jesus
Oliveira NA and Passos-Bueno MR (2007) Hydrocephalus
and moderate mental retardation in a boy with Van der Woude
phenotype and IRF6 gene mutation. Clin Dysmorphol 16:163—
166.

Internet Resources

OMIM - Online Mendelian Inheritance in Man, http://www.ncbi.
nlm.nih.gov/OMIM (accessed 7 August 2022)

VarSome, http://www.varsome.com (accessed 23 January 2023)

ClinVar, https://www.ncbi.nlm.nih.gov/clinvar/ (accessed 17 January
2023)

gnomAD, https://gnomad.broadinstitute.org/ (accessed 11 January
2023)

Professional Human Gene Mutation Database (HGMD), http://
www.hgmd.cf.ac.uk/ac/index.php (accessed 8 January 2023)

ABraOM, https://abraom.ib.usp.br/ (accessed 20 June 2023)

Supplementary material
The following online material is available for this article:

Text S1 — IRF6 sequencing and screening for CNVs.

Associated Editor: Lavinia Schiiler-Faccini

License information: This is an open-access article distributed under the terms of the
Creative Commons Attribution License (type CC-BY), which permits unrestricted use,
distribution and reproduction in any medium, provided the original article is properly cited.


http://www.ncbi.nlm.nih.gov/OMIM
http://www.ncbi.nlm.nih.gov/OMIM
http://www.varsome.com
https://www.ncbi.nlm.nih.gov/clinvar/
https://gnomad.broadinstitute.org/
http://www.hgmd.cf.ac.uk/ac/index.php
http://www.hgmd.cf.ac.uk/ac/index.php
https://abraom.ib.usp.br/

