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Abstract
Germline changes in the CDH1 tumor suppressor gene predispose to diffuse gastric cancer and lobular breast cancer. In
carriers of deleterious germline CDH1 variants, prophylactic gastrectomy is recommended. In case of germline missense
variants, it is mandatory to assess the functional impact on E-cadherin, the protein encoded by CDH1, and to predict their
clinical significance. Herein, we have identified a recurrent germline missense variant, c.1679C>G, segregating with gastric
cancer in three unrelated Spanish families. Through genetic, transcriptional, in silico and in vitro studies, we demonstrate the
deleterious effect of the c.1679C>G variant and its association with hereditary diffuse gastric cancer, providing relevant data
to relatives and allowing an accurate genetic counseling.

Introduction

Hereditary diffuse gastric cancer (HDGC; OMIM #137215)
is an autosomal dominant condition associated with het-
erozygous germline changes in the tumor suppressor gene
CDH1, which encodes the key cellular adhesion protein E-
cadherin. The cumulative risk of developing diffuse gastric
cancer (DGC) for CDH1 alteration carriers by age 80 is
reported to be 70% for men and 56% for women; women

carriers also have a cumulative risk of 42% for developing
lobular breast cancer (LBC) by the age of 80 [1]. There is
currently no evidence of increased risks for other cancer
types in CDH1 variant carriers [2].

In areas with a low incidence of gastric cancer, like Spain
[3], germline variants in CDH1 are found in about 30–50%
of families fulfilling the clinical criteria for HDGC [1, 2, 4]
and it was reported recently that 6% of the cases might be
explained by alterations in other genes [1].

Around 126 different deleterious variants and 29
unclassified variants of CDH1 have been reported to date
[1, 2]. In variants of uncertain significance (VUS), it is
crucial to study their functional outcome, in order to offer
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Fig. 1 Family pedigrees. The three probands were referred to our
institution for genetic evaluation because of their family history. In
each family, several individuals were diagnosed with gastric cancer at
early ages (ranging from 27 to 45 years old). Two cases of breast
cancer were found in the families, one confirmed as a LBC case. AMI

acute myocardial infarction, CRC colorectal cancer, DGC diffuse
gastric cancer, Gast gastrectomy (unknown if partial or total), HNC
head and neck cancer, LBC lobular breast cancer, nc non-carrier of
c.1679C>G, SRC signet ring cells, SubGast subtotal gastrectomy
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suitable clinical management to carriers. In the present
study, we described three unrelated Spanish families with
HDGC that carry the same missense variant in the CDH1
gene. We performed in silico, segregation, population, and
functional studies to assess the pathogenicity of this variant.

Subjects and Methods

This material can be found in the Supplementary material.

Results

CDH1 genetic testing revealed the presence of the germline
variant c.1679C>G in exon 11 in all individuals with gastric
cancer from three unrelated Spanish families (Fig. 1). The
putative effects of the variant were first explored by using
nine in silico predictors, five of which suggested a dama-
ging effect of the p.(T560R) change: SIFT: 0.04, PPHEN:
0.997, FATHMM: 0.71, MutationTaster: 0.997 and Align-
GVGD: C65 (GV: 0.00-GD: 70.97). The variant frequency
was then evaluated in a cohort of 730 healthy individuals
from all over Spain, but it was not found in any of them.
Furthermore, we assessed a possible founder effect, how-
ever, no common haplotype segregating with the variant
was observed through microsatellite marker analysis.

cDNA analysis revealed that carriers of the c.1679C>G
variant produced three transcripts of different sizes corre-
sponding to the full-length transcript, a transcript with exon
11 deleted, and a transcript with a deletion of 32 nucleotides.
In the control samples only the full-length transcript and the
one in which exon 11 was skipped were detected (Fig. 2).

Since the c.1679C>G variant occurs in a pivotal site for
post-translational processing of E-cadherin, and aberrant
transcripts may be difficult to detect in vitro by colony
screening, we decided to study the functional impact of the
variant at the protein level, namely its effects on expression,
localization, cell-cell adhesion, and invasion.

CHO cells transfected with a vector encoding the p.
(T560R) E-cadherin produced a slight decrease in protein
levels, together with a band mobility shift in the gel, despite
similar transfection efficiencies (Fig. 3a–c).

E-cadherin immunofluorescence showed that p.(T560R)-
expressing cells presented a less intense and more irregular
staining at the plasma membrane, when compared with the
strong and well-defined membrane expression of cells
expressing the wild-type protein. A diffuse pattern of E-
cadherin expression could also be observed throughout the
cytoplasm of mutant protein-expressing cells, but not in the
wild-type counterparts (Fig. 3d).

p.(T560R) cells formed smaller and more diffuse cell
aggregates than the wild-type cells (Fig. 3f, g). Consistent
with this loss of cell-cell adhesion behavior, the p.(T560R)

Fig. 2 CDH1 transcript analysis. a cDNA fragments generated through
RT-PCR in patients (named according to the pedigrees) and control
samples. b Representative cDNA sequences of each cDNA fragment:
one with a deletion of the last 32 nucleotides of exon 11

(GTACACAGCCCTAATCATAGCTACAGACAATG), one with a
deletion of the entire exon 11, and one corresponding to the full-length
fragment (arrowhead points the WT nucleotide c.1679C)
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cells showed an increased ability to invade a Matrigel
matrix (Fig. 3e).

Our observations regarding this variant have been
submitted to ClinVar (https://www.ncbi.nlm.nih.gov/clinva
r/) and can be found under accession number
SCV000693437.

Discussion

In the present work, we described three unrelated families
with HDGC, in which we identified the same CDH1 var-
iant: c.1679C>G. The clinical management of a germline
missense variant conveys significant limitations for an

Fig. 3 Functional evaluation of p.(T560R) E-cadherin. a CHO cells
transfected with vectors encoding the wild-type E-cadherin or the p.
(T560R) variant were analyzed for protein levels by western blot. The
empty vector was used as transfection control (Mock). Untransfected
cells (parental) were also examined. α-Tubulin was used as a loading
control. A diagram indicating putative N-glycosylation sites of the
wild type and the p.(T560R) proteins are shown at the right. b Band
intensity was determined and normalized against wild-type cells. The
average intensity+ SE of three independent experiments is shown. c

Transfection efficiency was controlled by flow cytometry using GFP
expression. d Cells were fixed and immunostained for E-cadherin
(green). Nuclei were counterstained with DAPI (blue). In the enlarged
image, arrows point to areas of irregular E-cadherin staining. e Cell
invasive abilities through a Matrigel matrix. The relative number of
invasive cells+ SE is represented. f Slow aggregation assay showing
distinct cell-cell adhesion phenotypes for wild-type and p.(T560R) E-
cadherin-expressing cells. g Average area+ SE of aggregates. *
represents p ≤ 0.05 and ****p ≤ 0.0001
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efficient genetic counseling, especially in the case of
HDGC, where early detection of the disease is very limited,
leaving prophylactic gastrectomy as the only effective pre-
ventive measure. Thus, we performed a comprehensive in-
depth analysis of the mentioned CDH1 variant that allowed
us to classify it as a variant that affects E-cadherin functions
and, therefore, to offer a precise counseling.

In fact, the initial approaches to assess the pathogenicity of
the c.1679C>G variant (through in silico predictions, familial
segregation, and population frequencies) suggested the
involvement of the variant in HDGC. Furthermore, this var-
iant had been reported twice before in the literature—in a
young patient with DGC [5] and in a family of Indian origin
also with DGC [6]—together with two unpublished cases
reported to the Institute of Molecular Pathology and Immu-
nology of the University of Porto (IPATIMUP; personal
communication from R Seruca, 2016). Benusiglio et al. did
not perform any type of functional analysis [5], while Yels-
kaya et al. described that the c.1679C>G variant disrupts
normal splicing, which presumably leads to truncation of the
protein [6]. In support of these findings, we also observed that
the c.1679C>G change generates an alternative 5′ splice site,
leading to the loss of 32 nucleotides in exon 11 or to a
premature stop codon at position 576 of the protein.
Remarkably, our study goes beyond the pathogenic con-
sequences of aberrant splicing by also assessing the behavior
of the variant p.(T560R) E-cadherin protein in vitro.

To verify the impact of the variant in vitro, we addressed
protein expression and localization, and the two main
functions of E-cadherin: the ability to establish cell-cell
adhesion and its role as an invasion suppressor. These are
well-recognized approaches to ascertain the pathogenicity of
E-cadherin missense changes [7–11]. With these analyses,
we demonstrated that the p.(T560R) change caused a
decrease in protein levels and an abnormal pattern of
expression in the cytoplasm (distinct from the correct plasma
membrane localization), possibly due to an impairment of N-
glycosylation of E-cadherin. Indeed, N-glycosylation of E-
cadherin seems to be essential for its correct folding, traf-
ficking, and stability at the plasma membrane [12–14]. We
verified that the variant here described alters the consensus
sequence NST in E-cadherin’s fourth extracellular domain
(EC4), which is required for protein N-glycosylation. The N-
558 residue has already been described as one of the most
important sites of E-cadherin N-glycosylation and its
dependent cell-cell adhesion [12]. Accordingly, we demon-
strated that the p.(T560R) variant disrupts cell-cell aggre-
gation and causes an increase in cellular invasion.

Given the common geographic origin of the families
(province of Madrid, Spain), we explored a possible foun-
der effect. The haplotype study indicated that a common
ancestry of this variant event for the three families is unli-
kely. This result was expected for two reasons: (1) a large

region of CDH1 (which includes our variant site) shows no
linkage disequilibrium (GTEX), which suggests it might be
very exposed to recombination; and (2) there are other
individuals reported to carry this variant who have very
distant geographic origins [5, 6].

In conclusion, we report a CDH1 missense variant
associated with gastric cancer in three unrelated families.
The pathogenicity of this variant was explored in two sce-
narios: a novel splicing event and a possible p.(T560R) E-
cadherin mutant protein. Overall, our results indicate a
damaging effect in both situations. On the one hand, the
c.1679C>G variant generates an alternative transcript (as a
result of the novel splicing site) with a 32-nucleotide
deletion, which is expected to be degraded by nonsense-
mediated decay (NMD) or, in case it produces a protein, this
protein would be truncated and non-functional. On the other
hand, if the full-length transcript with the variant nucleotide
is produced in vivo, we have shown that the p.(T560R) form
of E-cadherin protein has a deleterious effect by decreasing
its expression, altering its subcellular localization, interfer-
ing with cell-cell interactions, and increasing cell inva-
siveness. Thus, our study provides useful information to
offer a better management of the patients, and suggests that
individuals harboring this variant should undergo intensive
screening and prophylactic gastrectomy.
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