
Short Communication
Diffuse Type Gastric and Lobular Breast Carcinoma
in a Familial Gastric Cancer Patient with an
E-Cadherin Germline Mutation

Gisela Keller,* Holger Vogelsang,† Ingrid Becker,*
Jörg Hutter,‡ Katja Ott,† Sonja Candidus,*
Tobias Grundei,† Karl-Friedrich Becker,*
James Mueller,† Jörg R. Siewert,† and
Heinz Höfler*§
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E-Cadherin alterations have been reported frequently
in sporadic diffuse type gastric and lobular breast
carcinomas. Germline mutations of this gene have
been identified recently in several gastric cancer fam-
ilies. We analyzed seven patients with a family history
of the disease who had diffuse type gastric cancer
diagnosed before the age of 45 for germline mutations
in CDH1 , the gene encoding the E-cadherin protein.
We identified a frameshift mutation in exon 3 in one
patient with a strong family history of gastric cancer.
The same germline mutation was found in the pa-
tient’s mother, who had metachronous development
of lobular breast and diffuse type gastric carcinomas.
Immunohistochemistry for E-cadherin protein ex-
pression revealed an abnormal staining pattern in
both of these tumors, suggesting complete inactivation
of the cell adhesion molecule. Thus, our finding sug-
gests that besides diffuse type gastric cancer, lobular
breast carcinomas may be associated with germline
CDH1 mutations. (Am J Pathol 1999, 155:337–342)

E-cadherin is a calcium-dependent cell adhesion mole-
cule whose intact function is crucial for the establishment
and maintenance of epithelial tissue polarity and struc-
tural integrity.1 The extracellular portion of the molecule
mediates homophilic cellular interactions,1 whereas its
intracellular part provides a link to the actin cytoskeleton
through an association with the catenins.2 One of the

catenins is b-catenin, an important multifunctional protein
involved not only in cell adhesion but also in signal trans-
duction.3

Somatic mutations of CDH1, the E-cadherin-encoding
gene, have been implicated in the carcinogenesis of
some gynecological cancers4 and in a substantial pro-
portion of diffuse type gastric and invasive lobular breast
carcinomas.5–9 The latter two tumor types have in com-
mon a diffuse growth pattern, which is considered to be
the result of loss of cell adhesion mediated by E-cad-
herin. Due to the frequent finding of E-cadherin alter-
ations in advanced tumor stages and in the process of
metastasis, it was initially categorized as a tumor invasion
suppressor gene.10 However, the finding of somatic mu-
tations in lobular carcinomas in situ of the breast11 and in
intramucosal gastric carcinomas7 as well as the involve-
ment of the protein in the transition from adenomas to
carcinomas in a transgenic mouse model of pancreatic
b-cell carcinogenesis,12 also suggests a role for CDH1 in
early steps of tumor development. Furthermore, germline
mutations in CDH1 have been demonstrated recently to
be the underlying genetic cause of a familial gastric
cancer syndrome characterized by the occurrence of
diffuse type gastric carcinoma and a predominant early
onset of the disease. So far, germline mutations have
been reported in three kindreds of Maori descent13 and
for five diffuse type gastric cancer families of European
origin.14,15 Interestingly, no germline mutations have
been identified yet in families with intestinal type gastric
carcinoma.14

In this study we analyzed a group of diffuse type
gastric cancer patients suspected to have a genetic pre-
disposition for the disease, based on a young age at
diagnosis and a positive family history of the disease, for
germline mutations in CDH1. We found a new germline
mutation that was also present in another family member
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who had metachronous development of lobular breast
and diffuse type gastric carcinoma. Because somatic
E-cadherin mutations have frequently been reported in both
these tumor types, this finding suggests that lobular breast
carcinoma may be a component of the tumor spectrum
associated with germline E-cadherin mutations.

Materials and Methods

Patients and Tumors

We studied seven gastric cancer patients with Laurén’s
diffuse type gastric carcinoma diagnosed before the age
of 45 (range, 22–43). In the families of four of these
patients there were at least two first-degree relatives with
gastric cancer. In one of these families the mother of the
index patient had metachronous development of carci-
noma of the breast and stomach. Histological examina-
tion confirmed diffuse type gastric cancer according to
Laurén’s classification and invasive lobular breast carci-
noma. The gastric carcinoma of this patient was limited to
the stomach and perigastric lymph nodes without evi-
dence of distant metastasis. In the families of the three
remaining patients there were two second-degree rela-
tives with gastric carcinoma.

DNA Isolation

Genomic DNA from frozen or paraffin-embedded normal
gastric mucosa or lymph nodes was isolated according
to standard procedures which have been described pre-
viously.16 DNA from the gastric carcinoma of the patient
with the E-cadherin germline mutation was isolated by
manual microdissection from a tumor area, which permit-
ted an isolation of at least 50% tumor cells, to perform
somatic mutational analysis of CDH1. In addition, DNA of
normal and gastric carcinoma cells of this patient and her
mother was isolated by a laser-based microdissection
technique using a high resolution UV laser microbeam as
previously described.17 DNA from the lobular breast car-
cinoma was isolated using both microdissection tech-
niques. Poor amplification rates of the DNA preparations of
the breast carcinoma prevented further analysis, however.

RNA Isolation and cDNA Synthesis

Total RNA was isolated from normal gastric mucosa with
the RNeasy isolation kit (Quiagen, Hilden, Germany) ac-
cording to the protocol provided by the manufacturer.
Reverse transcription was performed using SuperScript
reverse transcriptase (Gibco BRL, Karlsruhe, Germany)
and random hexamers according to standard proce-
dures.

Haplotype Analysis

Haplotype analysis was performed on two affected family
members with and one unaffected member without an
E-cadherin germline mutation. Six microsatellite markers

in the vicinity of CDH1 on chromosome 16q22.1 were
amplified using genomic DNA isolated from the normal
gastric mucosa or from a tumor-free lymph node as a
template. The markers analyzed were D16S503,
D16S400, D16S3057, D16S301, D16S512, and D16S522.
Detailed information about the markers is available in the
Genome Database. Polymerase chain reaction (PCR) us-
ing a fluorescent labeled primer and analysis of the PCR
products on an automated sequencing system (ABI 377,
Applied Biosystems, Foster City, CA) was performed es-
sentially as described.16

Mutation Analysis

Mutation analysis was carried out by direct sequencing of
PCR products. For four patients, germline mutation anal-
ysis was performed from genomic DNA and for three
patients, from cDNA isolated from the normal gastric
mucosa. Somatic mutation analysis was performed from
genomic DNA isolated from manually microdissected
gastric carcinoma cells of the patient with an E-cadherin
germline mutation for which sufficient DNA was available
for this analysis. Genomic DNA isolated from laser-based
microdissected gastric carcinoma cells of the proband
and her mother was used to examine loss of heterozy-
gosity (LOH). LOH was analyzed by direct sequencing of
the exon with the germline mutation. The primers and
PCR conditions for the amplification of exons 1 to 16 from
genomic DNA were essentially according to published
procedures.8 For cDNA PCR amplification, the E-cad-
herin cDNA was divided into five overlapping fragments.
The primers and PCR conditions used are available from
the authors on request. The PCR products were purified
from agarose gels using a gel extraction kit (Quiagen).
Cycle sequencing was performed using the Ready Re-
action Big Dye Terminator Cycle Sequencing kit (Applied
Biosystems) and an automated sequencing system (ABI
377, Applied Biosystems). Sequencing variants sus-
pected to represent mutations were analyzed twice, be-
ginning with a new PCR reaction with sequencing of the
forward and reverse strands.

Immunohistochemical Analysis

Immunohistochemical analysis of the two gastric carci-
nomas and the one lobular breast carcinoma from the
family members with an E-cadherin germline mutation
was performed on 4-mm sections of paraffin-embedded,
formalin-fixed tissues. The sections were pretreated in a
pressure cooker for 4 minutes. Two monoclonal E-cad-
herin antibodies, AEC (Transduction Laboratories, Ham-
burg, Germany) and HECD-1 (Takara Biomedicals,
Shiga, Japan), were used in dilutions of 1:1000 and
1:500, respectively. The AEC antibody has been raised
by immunization with a C-terminal protein fragment en-
compassing the intracellular domain of the E-cadherin
molecule, which corresponds to exons 14–16 of the
gene. The antibody HECD-1 has been demonstrated to
recognize an epitope of the extracellular domain,18 which
could be assigned to the protein region corresponding to
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exon 8 (Becker and Handschuh, unpublished observa-
tion). For immunohistochemical analysis of b-catenin a
monoclonal antibody (Dianova, Hamburg, Germany) in a
dilution of 1:300 was used. Staining was carried out using
the streptavidin-biotin-peroxidase system (Vectastain,
Vector Laboratories, Burlingame, CA). Appropriate posi-
tive and negative controls were included with each reac-
tion. E-cadherin and b-catenin expression was normal
when a minimum of 90% of the tumor cells showed a
clear, membrane-associated stain. Irregular membra-
nous, cytoplasmic, or nuclear staining was considered to
be abnormal expression.

Results

Germline Mutation Analysis

CDH1 germline mutation analysis of the seven unrelated
patients with diffuse type gastric cancer revealed a het-
erozygous, 1-bp deletion in a run of six cytosines at
cDNA position 372–377 in exon 3 in the normal DNA of
one patient, indicating a germline mutation (Figure 1A).
The patient’s family had a strong clustering of gastric
cancer with four affected individuals, three of whom were
very young (36, 37, and 15 years) at the time of diagnosis
(Figure 1B). The same mutation was also present in the
DNA isolated from the normal gastric mucosa and from a
tumor-free lymph node from the proband’s mother, who
had developed metachronous lobular breast and diffuse
type gastric carcinoma at the ages of 49 and 58, respec-
tively. Because diffuse type gastric carcinomas fre-
quently show somatic mutations of CDH1,5–7 we repeated
the analysis of exon 3 in both family members using
laser-microdissected normal gastric mucosa cells to ex-
clude any possible contamination of the normal cells with
tumor cells. Sequence analysis revealed the same results
in both analyses, unequivocally demonstrating a germ-
line mutation. The mutation was absent in a 69-year-old
unaffected family member. Consistent with this was the
finding in the two affected family members of a common
haplotype with 6 microsatellite markers in the vicinity of
CDH1 on chromosome 16q22.1 that was not present in
the analyzed unaffected individual, who did not carry the
mutation.

Somatic Mutation Analysis and LOH

Somatic mutation analysis of the whole E-cadherin gene
of the tumor of the proband with the E-cadherin germline
mutation revealed no additional mutation. Sequencing of
exon 3 starting from DNA isolated from laser-microdis-
sected tumor cells of the gastric carcinoma of the pro-
band and her mother revealed that the mutation in exon 3
was also present in the heterozygote state in the tumor,
indicating that there was no LOH. Poor amplification rates
of the DNA extracted from the lobular breast carcinoma
precluded our attempts to analyze the E-cadherin gene
for LOH or somatic mutations in this tumor. The results
are summarized in Table 1.

Figure 1. Sequence analysis of exon 3 of the E-cadherin gene and pedigree
of the gastric cancer family with the E-cadherin germline mutation. A: The
wild-type sequence in comparison with the heterozygote mutation, found in
one of the seven unrelated analyzed gastric cancer patients, is shown. An
overlapping pattern is observed (arrow) starting at the deletion point of the
“C” corresponding to nucleotide position 372–377. B: Pedigree of the family.
Squares represent males; circles, females; symbols marked with a diagonal
represent deceased individuals. Open symbols indicate no neoplasm and
filled symbols represent persons with carcinomas of the stomach (sto) and
breast (br). Numbers beside the symbols indicate age at diagnosis; arrow,
analyzed proband. The germline mutation in exon 3 in the E-cadherin gene
was found in the normal DNA of the proband and in the normal DNA of her
mother. The mutation was not found in the normal DNA of the 69-year-old
sister of the mother of the proband. The children of the proband were not
analyzed.
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Immunohistochemistry

Immunohistochemistry for E-cadherin in the gastric car-
cinoma of the proband revealed positive staining with
both antibodies, HECD-1 and AEC, which was both mem-
branous and cytoplasmic with a diffuse or granular dis-
tribution (Figure 2, a and b). The gastric carcinoma of the
proband’s mother revealed reduced, diffuse cytoplasmic
staining with the HECD-1 antibody, but no protein expres-
sion with the antibody AEC (Figure 2, c and d).

The invasive lobular breast carcinoma of the proband’s
mother had an abnormal E-cadherin staining pattern with
both antibodies. Immunohistochemistry with HECD-1
showed no staining, whereas the AEC antibody demon-
strated abnormal, diffuse cytoplasmic and nuclear stain-
ing (Figure 2, e and f). Immunohistochemistry for b-cate-
nin, which was performed in this tumor to clarify whether
the abnormal nuclear staining of E-cadherin was associ-
ated with nuclear staining of b-catenin, revealed no im-
munoreactivity for this molecule.

The results of the immunohistochemical analyses are
summarized in Table 1.

Discussion

In this study we found a germline E-cadherin mutation in
one of seven analyzed patients. This patient had a strong
clustering of gastric cancer in her family and the mutation
was also identified in another family member with meta-
chronous diffuse type gastric and lobular breast carcino-
mas. So far, E-cadherin germline mutations have been
reported in three gastric cancer families of Maori origin,13

and in three of ten14 and two of seven15 European diffuse
type gastric cancer families. Thus, our result represents
additional evidence that CDH1 is important for genetic
predisposition in a subset of diffuse type gastric carcino-
mas. The identified 1-bp deletion results in a frameshift
mutation leading to a truncated E-cadherin protein, which

is predicted to be completely functionally inactive inas-
much as the affected portions are responsible for its
correct processing and integration into the cell mem-
brane. In addition, none of the calcium binding sites
essential for normal E-cadherin function remain intact.

Based on the limited data to date, diffuse type gastric
carcinomas are the most common tumors in families with
E-cadherin germline mutations, although individuals with
colorectal and prostate cancer have also been report-
ed.13–15 Of interest is that the two tumors found in the
proband’s mother with an E-cadherin germline mutation,
diffuse type gastric and invasive lobular breast carci-
noma, are by far the most frequent tumor types reported
to have somatic E-cadherin mutations.19 E-cadherin pro-
tein expression abnormalities detected by immunohisto-
chemistry and complete gene inactivation due to LOH
affecting the remaining wild-type allele have also been
demonstrated for these tumors,19,20 indicating that loss of
function of this molecule follows the classical two-hit in-
activation mechanism for tumor suppressor genes. E-
cadherin germline mutations therefore would predispose
not only to diffuse type gastric carcinoma, but also to
lobular breast carcinoma, a relationship which could only
be proven by observing segregation of both types of
carcinomas with the germline mutation in families. How-
ever, an analysis of the E-cadherin for a second tumor-
specific alteration in our study could also provide further
evidence in support of this idea.

The immunohistochemical staining pattern of both an-
tibodies showed normal membranous and abnormal dif-
fuse or granular cytoplasmic E-cadherin expression in
the gastric carcinoma of the proband. The significance of
the latter finding is unclear because this analysis was
performed on autopsy material, which is prone to arti-
facts. The lack of LOH fits with the positive protein ex-
pression pattern. Mutational analysis of the whole gene
failed to reveal an additional mutation. Thus, there was no
evidence for a second, inactivating hit in this case. Pos-
sible explanations include the following: i) a larger dele-
tion including exons not corresponding to the recognition
sites of the antibody may have been present, which
would not have been detectable by sequencing each
exon; ii) contamination by nontumorous tissue cells lead-
ing to failure to detect a mutation; iii) aberrant posttrans-
lational modifications; or iv) transdominant negative de-
fects in other cadherins or genes coding for E-cadherin
binding partners. Silencing of gene expression by meth-
ylation of the promotor region of the E-cadherin gene has
been reported in various human carcinomas,21 but this is
unlikely to be the second, inactivating hit in this case,
since both antibodies indicated that there was E-cad-
herin protein expression.

In contrast, the proband’s mother’s gastric carcinoma
showed reduced, diffuse cytoplasmic HECD-1 antibody
staining, but no staining with the AEC antibody. Reduced
E-cadherin staining with weak cytoplasmic staining has
been observed frequently in tumors including diffuse
type gastric carcinoma.20 The difference between the
two antibodies indicates an inactivation of the second
E-cadherin allele at the AEC-specific epitope in the E-
cadherin protein cytoplasmic domain corresponding to

Table 1. Summary of E-Cadherin Immunohistochemistry,
LOH, and Somatic Mutation Analysis of the
Carcinomas of the Family Members with an E-
Cadherin Germline Mutation in Exon 3

Carcinomas

Immuno-
histochemistry
with antibody

LOH*
Somatic

mutation†HECD-1 AEC

Proband
Gastric carcinoma 11‡ 11‡ 2 2

Mother of the
proband

Gastric carcinoma 1§ 2 2 n.d.
Breast carcinoma 2 1¶ n.d. n.d.

*For LOH, sequencing analysis of exon 3 from DNA isolated from
laser microdissected tumor cells was performed.

†Somatic mutation analysis was performed by sequencing all exons
of the E-cadherin gene from DNA of manually microdissected tumor
cells.

‡11: positive immunostaining of the cell membrane and diffuse and
granular cytoplasmatic staining of the tumor cells.

§1: reduced granular cytoplasmic staining pattern
¶1: reduced diffuse cytoplasmatic and nuclear staining
n.d., not done
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exons 14 to 16. The positive staining with HECD-1, which
recognizes an E-cadherin protein epitope coded for by
exon 8 (Becker and Handschuh, unpublished observa-
tion) argues for an intact extracellular domain, and is
consistent with our failure to identify LOH at exon 3 in this
tumor.

The proband’s mother’s invasive lobular breast carci-
noma stained abnormally with both E-cadherin antibod-
ies; HECD-1 was negative, and AEC demonstrated ab-
normal, diffuse cytoplasmic and nuclear staining. This
difference most likely reflects the different epitopes they
recognize, though nuclear E-cadherin staining has never
been reported in tumors before. Because cadherin-asso-

ciated cytoplasmic b-catenin can translocate to the nu-
cleus,3 the possibility of abnormal transfer of E-cadherin
by b-catenin to the nucleus was analyzed by immunohis-
tochemistry for b-catenin, which was negative. Thus, the
E-cadherin nuclear staining pattern remains unclear.

Although it is theoretically possible that the gastric
carcinoma of the proband’s mother was a metastasis
from the lobular breast carcinoma, the different homoge-
neous staining pattern with both antibodies in these tu-
mors clearly argues against this.

In conclusion, our identification of an E-cadherin germ-
line mutation in a gastric cancer family emphasizes the
importance of this gene for a genetic predisposition for

Figure 2. Immunohistochemical analysis of E-cadherin expression. a and b: Invasive gastric carcinoma in the muscularis propria of the stomach of the proband
(autopsy material). Positive immunostaining of the cell membrane and diffuse and granular cytoplasmic staining of the tumor cells with the antibodies HECD-1
(a) and AEC (b) are shown. Magnification, 3880. c and d: Invasive carcinoma cells of the gastric diffuse type carcinoma of the proband’s mother (resection
specimen). A reduced granular cytoplasmic staining pattern with antibody HECD-1 (c) is shown. No protein expression was detected with antibody AEC (d). The
normal gastric glands used as internal controls exhibited a strong cell membrane-associated immunostaining with both antibodies. Magnification, 3880. e and f:
Lobular breast carcinoma of the proband’s mother (resection specimen). No immunoreactivity in the carcinoma was detected with antibody HECD-1 (e). Antibody
AEC (f) revealed nuclear and reduced diffuse cytoplasmic staining of the tumor cells. Magnification, 3880. Insert shows normal cell membrane-associated staining
of normal ductal cells for each antibody. Magnification, 3880.
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diffuse type gastric cancer. Furthermore, the metachro-
nous development of lobular breast and diffuse type
gastric carcinoma in association with an E-cadherin
germline mutation, indicates that lobular breast carci-
noma might be part of the tumor spectrum associated
with E-cadherin germline mutations. The abnormal E-
cadherin expression in both tumors of this patient indi-
cates that there was complete functional loss of the E-
cadherin molecule due to a second somatic inactivation
hit. These findings represent an important insight with
respect to the clinical management and surveillance of
patients with germline E-cadherin mutations.
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