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Abstract: Objective: Congenital, non-syndromic orofacial clefts (CL/P) are infrequently monogenic
in etiology. However, heterozygous pathogenic CDH1 germline variants were reported in a few
non-syndromic CL/P families, as well as in one syndromic form of CL/P: the blepharocheilodontic
syndrome. CDH1 encodes epithelial cadherin (E-cadherin), and close to 300 different pathogenic
CDH1 variants are listed in the ClinVar mutation database. The majority of CDH1 germline variants
are implicated in hereditary diffuse gastric cancer (HDGC) susceptibility. The purpose of this study
was to classify the CDH1 c.760G>A (p.Asp254Asn) mutation with respect to its resulting phenotype.
Methods: Exome sequencing and targeted Sanger sequencing were performed in a family segregating
CL/P. A review of pathogenic CDH1 variants in ClinVar and those identified in a PubMed/MEDLINE
search was performed. Results: We identified a family with six individuals, who were 35–77 years
old (mean 56 years) at their last examination, uniformly affected with bilateral CL/P. The CDH1
c.760G>A variant segregated with CL/P. This variant had been reported in 21 individuals, most
often children and young adults, from six families. We determined a significant sex preponderance
for this variant regarding CL/P: all 16 male and 5 of 11 female heterozygotes presented with CL/P.
Furthermore, none of the heterozygous individuals in seven families reported any gastrointestinal
tumors. Conclusions: The recurrent CDH1 c.760G>A mutation confers a high risk for CL/P, with
strong male preponderance. This review of 27 mutation carriers, including 3 who were 68, 70, and
77 years of age, indicates that c.760G>A does not confer an increased risk for HDGC. The relevance
of differentiating craniofacial from cancer phenotypes in mutation carriers is substantial for precision
medicine and for counseling families.

Keywords: E-cadherin; CDH1 mutation; CDH1 variant; cleft lip; cleft palate; genotype-phenotype
correlation; dominant inheritance; CDH1 germline mutation; syndromic CL/P

1. Introduction

Orofacial clefts (CL/P) comprise an isolated cleft palate and cleft lip with or without
a cleft palate and can result from genetic and environmental risk factors. The incidence
of CL/P within different populations is considered in the range of 1:700–1:1000 newborns.
Affected individuals may experience feeding, hearing, speech, and psychological prob-
lems. Around 30% of CL/P cases are syndromic, and syndromic forms of CL/P fre-
quently represent monogenic disorders, such as blepharocheilodontic syndrome (BCDS) [1].
Non-syndromic CL/P is infrequently monogenic [2], but heterozygous pathogenic CDH1
germline variants were identified in a few non-syndromic CL/P families [3–6], as well
as in BCDS [7,8]. CDH1 encodes epithelial cadherin (E-cadherin), and close to 300 dif-
ferent pathogenic variants in CDH1 are listed in the ClinVar mutation database (https:
//www.ncbi.nlm.nih.gov/clinvar/, accessed on 12 September 2024). The majority of CDH1
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germline variants were implicated in hereditary diffuse gastric cancer (HDGC) susceptibil-
ity [9–12]. However, 27 distinct pathogenic variants were implicated in CL/P, and eight
distinct CDH1 mutations were segregated with both CL/P and HDGC within families [5].

Although diffuse gastric cancer is the dominant tumor type in HDGC, other malignant
neoplasms are common [5]. The incomplete penetrance and the phenotypic consequences
of pathogenic CDH1 mutations create significant challenges for genetic counseling and
tumor prevention [9,12,13].

We report here the segregation of a recurrent c.760G>A in CDH1 with CL/P in
six adults from one family. These data and a literature review of 21 reported individ-
uals with this genotype indicate that this particular variant predisposes to CL/P with high
penetrance and with sex-dependent penetrance, but that it might not confer an elevated
risk for HDGC.

2. Materials and Methods

The study was approved by the Institutional Review Boards of the Medical University
of Innsbruck (No. UN4501), Innsbruck, Austria. Written informed consent was obtained
from the patients for publication of this study and any accompanying images.

Genomic DNA was extracted from peripheral blood samples of 10 participating family
members using standard procedures. The proband’s coding DNA fragments were enriched
with the SureSelect Human All Exon V6 (61 Mb) kit (Agilent, Santa Clara, CA, USA)
according to the protocol of the manufacturer and captured libraries were sequenced on a
HiSeq platform (Illumina, San Diego, CA, USA) with 100 bp read length and paired-end
sequencing. Reads were aligned to reference genome “Genome Reference Consortium
Human Build 38 Organism: Homo sapiens (GRCh38)” (University of California Santa
Clara, Santa Clara, CA, USA) and variants were called with the Genome Analysis Toolkit
(GATK) version 4.0 (https://github.com/broadinstitute/gatk, accessed on 20 July 2020).
Sequencing reads were also aligned to the human reference genome “Genome Reference
Consortium Human Build 37 Organism: Homo sapiens (GRCh37)” with Burrows–Wheeler
Alignment BWA-MEM [14] and variants were called with samtools [15]. The resulting
lists of sequence variants were filtered for an allele frequency below 0.001, and for a
predicted effect on protein function (missense, stop gain, frameshift, inframe insertion and
deletion, canonical splice-site alteration). Pathogenic or likely pathogenic variants were
preferentially searched for in genes associated with those listed in the gene panel “Clefting
(Version 6.0)” (https://panelapp.genomicsengland.co.uk/panels/81/, accessed in February
2022). All variants were evaluated in silico for pathogenicity using CADD (http://cadd.gs.
washington.edu/score, accessed in February 2022) [16]; missense variants were evaluated
by PolyPhen-2 (http://genetics.bwh.harvard.edu/pph2, accessed in February 2022) [17]
and SIFT (accessed in February 2022) [18]; and splice site variants were evaluated using
SpliceAI lookup (https://spliceailookup.broadinstitute.org/, accessed in February 2022).
ES data were evaluated for copy-number variants (CNVs), including single exon deletions
and duplications with the panelcn.MOPS v1.28.0 software [19]. An analysis for CNVs, i.e.,
to detect partial and complete gene deletions or duplications, was complemented with
chromosomal microarray analysis (Illumina HumanCytoSNP-12v2 BeadChip SNP array
with 300 k markers, Illumina, San Diego, CA, USA).

Sanger sequencing of a genomic PCR fragment of 368 bp in size, obtained with
forward primer 5′gtaaaacgacggccagtCCTAGGAAGGTGTGGCAGC and reverse primer
5′caggaaacagctatgacCTGTCCGTAGGAAGGATCAGC permitted CDH1 variant validation
and segregation within the family. The sequencing made use of M13 tags to the primers
(small letters in primer sequences). CDH1 variant designation is based on National Center
for Biotechnology Information reference sequence for CDH1 transcript NM_004360.5.

In order to obtain information on CDH1 sequence variants that were considered
to underlie clinical symptoms of the HDGC spectrum and/or CL/P, a list of the CDH1
variants listed as pathogenic and likely pathogenic in the ClinVar mutation database was
obtained; the literature cited with these ClinVar mutations as well as mutation-specific
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information obtained with PubMed/MEDLINE searches were evaluated for genotype-
phenotype correlations. The PubMed/MEDLINE search was conducted with the following
keywords: CDH1 mutation, CDH1 variant, CDH1 germline mutation, E-cadherin mutation,
CDH1 cleft palate.

3. Results

We identified a Caucasian family with six individuals in three consecutive generations
affected with bilateral, complete cleft lip and palate (Figure 1A,B). The orofacial clefts were
expressed to the same degree of severity in all affected persons. The proband presented an
additional unilateral congenital thumb hypoplasia, a rare component of BCDS. All family
members were subjected to genetic counseling and detailed health histories were obtained
that included inquiries to any known tumor history. None of the six individuals with CL/P
(age range: 35–77 years, mean 56 years) had undergone a cancer check-up with endoscopy
at this time. However, there was neither a history of tumors affecting the digestive tract,
nor of those of the HDGC spectrum in mutation carriers and non-carriers in this family.
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Figure 1. Typical familial expression of the CL/P phenotype before (A) and after (B) surgery.

The c.760G>A mutation in CDH1 was identified in the proband through exome se-
quencing and was shown to segregate with the phenotype in this family using targeted
Sanger sequencing (Figure 2A).

This mutation is not listed in the population database gnomAD v4.1.0 (https://
gnomad.broadinstitute.org/, accessed on 12 June 2024), indicating it is an ultrarare variant
in the general population. However, in the literature referring to CDH1 mutations and
phenotypes, the c.760G>A mutation represents a frequently reported variant. The recurrent
CDH1 variant c.760G>A was previously reported in 21 individuals from six families, of
whom 15 individuals showed orofacial clefts (Figure 2B–G). Our review of the data indi-
cates that the heterozygous c.760G>A mutation confers an overall risk of 77.8% (95%-CI:
0.5774–0.9138) for CL/P development. However, we find that this risk is significantly
different between sexes: while all 16 male heterozygotes for this mutation presented with
CL/P, 5 out of 11 female heterozygotes presented with CL/P (Fisher exact test statistic
0.0016, p < 0.05). The age at the last examination of the 27 reported heterozygotes for the
CDH1 variant c.760G>A, with and without CL/P ranged from 1 to 77 years, with a mean
and median age of 30 and 28 years. None of these heterozygous individuals reported any
gastrointestinal tumors within or outside the HDGC spectrum.
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below each genotyped family member’s symbol: G/G, wildtype; G/A: heterozygote, genotype is in-
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Figure 2. The CDH1 mutation c.760G>A underlies CL/P in 7 unrelated families. (A) The family
studied here, the proband is denoted by an arrow. The status of CDH1 mutation c.760G>A is depicted
below each genotyped family member’s symbol: G/G, wildtype; G/A: heterozygote, genotype
is inferred in the founder II-3. Conclusive information on individuals in generation I regarding
congenital CL/P could not be obtained. (B–G). Reported families with the CDH1 mutation c.760G>A
segregating with CL/P. a, age at last examination (years). (H). Legend to symbols.

4. Discussion

We identified a family with clustering of CL/P indicating autosomal-dominant inher-
itance. Formally, Y-chromosomal inheritance was another possibility, however unprece-
dented, and unlikely due to the small gene content of the Y chromosome. Genetic testing in
this family followed the usual approach with ES, with special emphasis on the evaluation
of known genes for non-syndromic and syndromic CL/P, and with the consideration of
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small sequence variants (single nucleotide variants, indels) and CNVs. CNV detection in
ES data are generally complimented with chromosomal microarray analysis.

The vast majority of close to 300 reported that CDH1 mutations are associated with
HDGC and less commonly with other tumor susceptibility. A recent review of published
CDH1 mutations revealed 27 distinct germline CDH1 mutations, including c.760G>A
(p.Asp254Asn) [3,4,8], that are linked to congenital syndromic and non-syndromic orofa-
cial clefts without apparent susceptibility to tumor development, whereas eight further
CDH1 mutations were associated with both HDGC and CL/P [5,9,10]. CL/P-only related
mutations are predominantly missense variants at the conserved Asp254-Gln255-Asn-256-
Asp257 ‘linker’ region and at other sites of CDH1-CDH1 binding as well as late-truncating
variants [5,7]. This missense mutation causes the exchange of a highly conserved aspartic
acid to asparagine at codon 254 in the CDH1 polypeptide (p.Asp254Asn). A detrimen-
tal effect of the CDH1 p.Asp254Asn mutation has been shown; its expression induced
incomplete development to total absence of head structures in zebrafish embryos, and
resulted in a decreased adherence of cells in a MCF7 cell model, supposedly by interfer-
ing with cis-dimerization of E-cadherin and the rigidity of the extracellular domain [8].
Mutations associated with the HDGC spectrum include almost all cadherin truncating
variants (stop codons, frameshifts, splicing) suggesting a complete loss-of-function as a
disease mechanism, and that HDGC-associated missense variants confer a loss-of-function,
too [5]. The loss of the other allele and promoter methylation occur as second genetic hits
in CDH1-related HDGC [20,21]. Particular CDH1 germline mutations that are associated
with HDGC and CLP in families are predominantly splice-site mutations, such as the
c.687+1G>A mutation, that leads to a protein with a 14 amino acid in-frame deletion, which
might act simultaneously both by a complete loss of the normal function and HDGC and
by expression of an abnormal protein that is expected to affect CDH1-CDH1 binding like
linker missense mutations [6].

The relevance of differentiating craniofacial from cancer phenotypes is substantial
in order to provide tumor preventive measures and for counseling couples on the risk of
having a child with CL/P. Predicting the effect of individual CDH1 mutations is complicated
by incomplete and age-dependent penetrance with respect to HDGC as well as CL/P.
Pathogenic CDH1 variants were reported to convey a lifetime risk (until the age of 80 years)
of diffuse gastric cancer in the range from 37% to 70% in men and 25% to 83% in women;
the average age of gastric cancer diagnosis ranged from 38 to 80 years, with the earliest
reported diagnosis made at age 14 years [10,11,22–24]. Here, we provide evidence for
classification of the CDH1 mutation c.760G>A as causing CL/P-only, by reporting its
segregation with CL/P in a large family with an average age of mutation carriers of
56 years. In total, 27 heterozygous individuals with this mutation are now known, of
whom 21 presented with CL/P. None of these individuals, including three individuals of
68, 70, and 77 years of age reported here, presented with HDGC, and this holds true for
one family with two heterozygous individuals for a c.760G>T mutation affecting the same
codon (p.Asp254Tyr) [7]. However, we cannot exclude the later occurrence of gastric cancer
and lobular breast cancer in c.760G>A carriers in the family reported here; however, the
current absence in all 27 mutation carriers from seven families appears noticeable to us. It
is a limitation of this study that all c.760G>A carriers are, or were, at an age that does not
rule out the occurrence of CDH1-related tumor development.

Male preponderance for CL/P and female preponderance for CP in general has long
been noticed. Male preponderance for CL/P development in c.760G>A carriers is signifi-
cant but unexplained at present by the mutation itself. Of note, trio-based sex-stratified
genome-wide association studies recently identified 13 loci that appear to contribute to
inherent sex-specific risks [25]. Genetic risk factors might contribute to the phenotype
independently or dependent on the presence of environmental risks for CL/P development
such as exposure to maternal multivitamin use [26], maternal alcohol consumption [27] or
smoking [28].
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5. Conclusions

The recurrent CDH1 c.760G>A mutation confers an overall risk of 78% for CL/P,
with strong male preponderance. The identification of c.760G>A in three individuals of
68, 70, and 77 years with CL/P and without HDGC may indicate that it does not confer
an increased risk for HDGC. The relevance of differentiating craniofacial from cancer
phenotypes is substantial in order to provide tumor preventive measures [12,13] and for
counseling couples on the risk of having a child with CL/P.
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