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Epithelial-cadherin Gene Is Not Mutated in Ductal Carcinomas of the Breast
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We investigated mutations of the epithelial (E)-cadherin gene and loss of heterozygosity (LOH) at
flanking loci wsing three microsatellite markers on the long arm of chromosome 16 in 25 ductal
carcinomas of the breast. Expression of E-cadherin was also investigated immunohistochemically. No
mutations were detected in exons 6 through 9 of the E-cadherin gene. LOH was observed more
frequently (42%) at D16S402 (16g-ter) than at D165421 (16q22.3-q23.1) (17%), which is located
near the E-cadherin gene. Expression of E-cadherin was observed at the cell borders in 92% (11/12)
of the turmors examined. The absence of mutations in the E-cadherin gene and its conserved expression
suggest that inactivation of E-cadherin does not contribute significantly to the invasion or metastatic
potential of ductal carcinomas of the breast. Furthermore, the high frequency of LOH at 16g-ter
suggests the existence of another tumor suppressor gene which may play a crucial role in the genesis

of ductal carcinomas of the breast.
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Molecular analysis has revealed that the genesis and
‘progression of carcinoma is a multi-step process in which
several genetic alterations accumulate.” Cell adhesion
molecules play an important role in the maintenance of
cell-to-cell junctions, and thus prevent the detachment of
carcinoma cells from the primary site.® Epithelial (E)-
cadherin, which is distributed predominantly in epithelial
tissues, is a member of a family of transmembrane glyco-
proteins responsible for the Ca’*-dependent cell-to-cell
adhesion mechanism, and has been demonstrated to be
involved in organogenesis and morphogenesis.® The in-
vasive potential of transformed Madin-Darby canine
kidney cells has been reported to be promoted by in-
activation of E-cadherin.¥ Frequent loss or reduction of
E-cadherin expression has been found immunchisto-
chemicaily in scattered and diffuse-type gastric carci-
nomas.>® In breast carcinoma, reduction of E-cadherin
expression has alse been noted in poorly differentiated
tumors.” In addition, mutations of the E-cadherin gene
have been reported in undifferentiated carcinomas of the
stomach®® and in lobular carcinomas of the breast.'?
Furthermore, deletion on 16q, where the E-cadherin gene
has been mapped, occurs frequently and has been
assoctated with distant metastasis in breast carcinoma,'”
These findings support the proposal that inactivation of
E-cadherin is involved in invasion and metastasis of
several types of human carcinomas.

To determine whether E-cadherin is inactivated in
ductal carcinomas of the breast, the presence of muta-
tions in exons 6 through 9 of the E-cadherin gene was
investigated. The examination included the Ca®"-depen-
dent E-cadherin-specific homophilic binding regions,’®
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where mutations have been reported.”® Loss of hetero-
zygosity (L.OH) flanking the E-cadherin gene loci on 169
was studied. The expression of E-cadherin was also in-
vestigated immunohistochemically.

MATERIALS AND METHODS

Tissue samples and DNA extraction Tumors and corre-
sponding normal tissues were obtained from 25 patients
with primary breast carcinoma who were treated at the
Department of Surgery, Iwate Medical University, be-
tween July, 1991 and October, 1993. The clinicopatho-
logical findings of these patients are summarized in Table
I. The tumors were histologically classified according to
the criteria proposed in the General Rules for Clinical
and Pathological Recording of Breast Cancer (1992).'
The specimens were frozen immediately following surgi-
cal resection and stored at —80°C until analysis. DNA
was extracted by proteinase-K digestion and phenol/
chloroform extraction. Portions of 12 tumors were em-
bedded in compound and stored at —80°C for immurno-
histochemical analysis.

PCR-SSCP analysis The primers used for polymerase
chain reaction single-strand conformation polymorphism
(PCR-SSCP) analysis® were designed to include exon-
intron boundaries where mutations have previously been
reported®” (Table II). Extracted DNA was amplified in
10 uI of a buffer (50 mM KCI, 0.01%% gelatine and 10
mM Tris buffer at pH 8.3) containing 10 pmol of each
primer, 1 mM MgCl,, 0.2 mM of each deoxynucleotide
triphosphate, 0.5 gl of [@-¥P]dCTP, and 0.5 units of
AmpliTaq DNA polymerase (Perkin-Elmer Cetus Co.,



Norwalk, CT) by PCR in a thermal cycler (Perkin-
Elmer Cetus Co.) for 35 cycles, each consisting of a
denaturation step at 94°C for 0.5 min, an annealing step
at 55°C for 0.5 min, and an extension step at 72°C for 1
min. A volume of 3 yl of the PCR product was diluted
10-fold with a sequencing gel-loading buffer (98%
deionized formamide, 10 mmol/liter EDTA at pH 8.0,

Table I. Clinicopathological Characieristics of the 25 Breast
Carcinomas

Clinicopathological

characteristics No. of patients (%)

TNM stage

I 1 (4)

II 17 (68)

II1 6 (24)

v 1 (4)
Histological type

papillotubular 12 (48)

solid-tubular 4 (16)

scirrhous ) 7 (28)

noninvasive ductal 2 (&)
Lymph node metastasis

positive _ 9 (36)

negative 16 (64)
Estrogen receptor

positive 15 (60)

negative 10 (40)
DNA ploidy pattern

aneuploidy 17 (68)

diploidy 8 (32)
Tumor size

<2em 5 (20)

2-5 cm 15 (60)

>5cm 5 (20)

TNM classification according to the General Rules for
Clinical and Pathological Recording of Breast Cancer.!?

Table II.  Sequences of the Primers (5'-3")
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0.025% xylene cyanol and 0.025% bromophenol blue).
Electrophoresis was performed on a 6% neutral poly-
acrylamide gel with 109 glycerol at 30 W for 4 to 5 h at
room temperature. The gel was then dried and exposed to
Kodak XAR film (Eastman Kodak, Rochester, NY) at
—80°C for 6 to 24 h.

PCR-microsatellite analysis Three dinucleotide repeat
markers on 16q flanking the E-cadherin gene were used.
These markers were located at 16q12.1-q13 (D16S408),
16q22.3-q23.1 (D168421) and 16g-ter (DD168402)'
{TableII)). Extracted DNA was amplified using the proce-
dure described above. Electrophoresis was performed on
a 6% neutral polyacrylamide gel with 7 M urea at 60 W
for 2 to 3 h at room temperature. LOH was defined as loss
of the band corresponding to an allele in tumor DNA,
Immunochistochemistry HECD-1 was used for immuno-
histochemistry at a dilution of 1/500 with buffer contain-
ing 20 mM TBS at pH 7.4, 1.0% bovine serum albumin,
0.1% sodium azide and 10 mM CaCl,. Immunochisto-
chemistry was performed using frozen sections from 12
tumors. Frozen tissues were cut into 4 gm sections, fixed
with cold acetone for 10 min, and washed with 0.01 mol/
liter Tris-buffered saline (pH 7.4), containing 10 mM
Ca** (TBS™). To block endogenous peroxidase activity,
the specimens were immersed in absolute methanol with
0.3% hydrogen peroxide for 30 min and washed with
TBS". Following incubation with 2% normal mouse
serum for 30 min to block nonspecific binding, the sec-
tions were incubated overnight in a moist chamber at 4°C
with the HECD-1 monoclonal antibody (diluted in
TBS™). These sections were washed with TBS' and
incubated for 30 min at room temperature with bio-
tinylated anti-mouse IgG diluted in TBS™. Peroxidase
staining was performed for 15 to 30 min in 20 mg of
3,3-diaminobenzidine tetrahydrochloride in 100 ml of
0.05 mol/liter Tris-HC] buffer with 10% hydrogen per-

Name Location Sequences (5-3")

GEC 12 E-cadherin TCCTCATCAGAGCTCAAGTC
GEC 22 exon 6 GGGTCCAAAGAACCTAAGAG
GEC 11 E-cadherin TGCCCAGTCCCAAAGTGCAG
GEC 21 exon 7 TCCACACCCTCTGGATCCTC
E-CD8a E-cadherin AGGTGGCTAGTGTTCCTGG
E-CD8b exon § CCTTTCTTTGGAAACCCTCTAA
E-CD9%a E-cadherin GACACATCTCTTTGCTCTGC
E-CD9b exon 9 GGACAAGGGTATGAACAGCT
D165408a L6a12.1-al3 TCAAGGAGGGGCAATGAGAG
D16S408b qtetq TCTGTCTCTGTCGCCTCTGT
D16S421a 160223231 AGACTACACATGAACCGATTG
D168421b L TCCCTATATTTCCTGGTTGTTA
D168402a 6q-ter AGAAACTACAAAGCACACATA
D168402b ACTTTTTGGCAGGTTCTCACA.
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oxide. The sections were finally counterstained for 2 s
with 2% methylgreen.
Statistical analysis For all comparisons, Fisher's exact
test was applied, and a P value <0.05 was considered
statistically significant.

RESULTS

PCR-SSCP analysis No mutations were detected in
exons 6 through 9 of the E-cadherin gene (Fig. 1).

exon 6

L SR —

exon 7

exon 8

jie)

exXon

Fig. 1. Representative illustrations of the polymerase chain
reaction single-strand conformation polymorphism analyses
on exons 6 through 9 of the E-cadherin gene. No mobility
shift bands were apparent.

PCR-microsatellite analysis Of the 25 tumors inves-
tigated, 46% (13/25) showed LOH in at least one locus
(Fig. 2). The most frequent LOH was detected in 42%
(5/12 informative cases) of the tumors at D168402, lo-
cated on 16g-ter. The incidence of LOH at the examined
loci varied from 15% (3/20) (D165408) and 17%
(2/12) (D168421) to 42% (5/12) (D165402) (Fig. 3).
Immunohistochemistry Of the 25 tumors, 12 were
analyzed immunohistochemically for the expression of
E-cadherin. Eleven of the 12 tumors (92%) expressed
E-cadherin at the cell-to-cell boundaries irrespective of
their histologic type (Fig. 4). The tumor which did not
exhibit E-cadherin expression was a papillotubular carci-
noma at stage II.

Correlation between LOH and clinicopathological char-
acteristics The correlation between LOH on 16g-ter and

1 2 4 6
T N T N T N

s

T N

‘ " P

D16S408 ./ - Sy -
- -

-

Ty
D16S421 '/ . - .

—in

|4 VA

D165S402 _ i
b / b

Fig. 2. Several examples of the microsatellite analyses on
l6g. D16S408, D16S421 and DI168402 are microsatellite
markers localized on 16q12.1-q13, 16g22.3-q23.1, and 164g-ter,
respectively. T, tumor DNA; N, normal DNA; LOH, loss of
heterozygosity. Arrows indicate LOH.
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Fig. 3. Results of microsatellite analyses on 16q in 25 ductal carcinomas of the breast. W, loss of heterozygosity; [ 1, retained

heterozygosity; —, not informative.
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Fig. 4. Immunchistochemical staining for E-cadherin in a
scirrhous carcinoma of the breast. E-Cadherin is uniformly
expressed at the surface of the carcinoma cells. X500, ABC.

clinicopathological characteristics is summarized in
Table III. No significant correlations were found by
Fisher’s exact test.

DISCUSSION

It has been reported that the loss or reduction of
E-cadherin expression is associated with invasive and
poorly differentiated phenotypes of several human carci-
nomas, including those of the breast.'™'® Furthermore,
genetic investigation has revealed that 10% of lobular
carcinomas of the breast, which are known to show
scattered histologic phenotypes, have somatic mutations
of this gene.'? Scirrhous carcinoma is the most common
histologic type of ductal carcinomas of the breast, and
also shows scattered growth. However, no report has
focused on mutations of the E-cadherin gene in this
region. In primary gastric carcinomas, 819 (13/16) of
undifferentiated and diffuse regions have been reported to
exhibit E-cadherin mutations which were detected by the
PCR-SSCP method. Most of these mutations were
located in exons 6 through 9, leading to skipping of exon
& or 9. In the present study, we investigated aberrations
of E-cadherin in common ductal carcinomas of the breast
by examining mutations, LOH, and immunohistochem-
ical reactivity. No mutations were found in exons 6
through 9 of the E-cadherin gene. We may have missed
some mutations because we did not examine all the
coding regions of the E-cadherin gene. However, we
searched the regioms, including the Ca**-dependent E-
cadherin-specific homophilic binding regions,'” where
mutations responsible for adhesive dysfunction'” have
been reported.”® Alternatively, inactivation of the E-
cadherin may be involved in invasive lobular carcinomas,

E-cadherin Gene in Breast Carcinoma

Table I1I. Correlation between LOH on 16g-ter and Clinico-
pathological Characteristics

Clinicopathological Chromosome 16¢-ter
characteristics LOH Retained
Stage
I+11 6 4 ] "
III+1IV 1 1
Histological type™
papillotubular 3 3
solid-tubular 0 1
scirrhous 2 2 |*
noninvasive 0 1
Lymph node metastasis
positive 4 3 ] *
negative 1 4
Estrogen receptor
positive 3 1 ] "
negative 1 4
DNA ploidy
aneuploidy 3 6 ] *
diploidy 2
Tumor size
<2cm 1 2
2-5 cm 4 5 ]*
>5cm 0 0

* Not significant by Fisher’s exact test.

but not in common ductal carcinomas of the breast. The
frequency of LOH at 16g-ter was higher than that at
16g22.3-g23.1 which is located closer to the E-cadherin
gene. In addition, most (92%) of the tumors exhibited
E-cadherin expression immunchistochemically. These
findings suggest that disruption of the E-cadherin gene
does not play a significant role in the genesis or progres-
sion of ductal carcinomas of the breast, and that there
may exist some other tumor suppressor gene(s) on 16g-
ter. Tsuda et al.'® have also suggested the existence of an
unknown tumor suppressor gene involved in the genesis
of breast carcinoma on 16q24.2-gter, in the telomeric
region from the E-cadherin gene. In agreement with the
report by Tsuda et al.,™ we found no significant correla-
tion between LOH on 16g-ter and any clinicopatholog-
ical characteristic. Therefore, LOH might play a signifi-
cant role in the genesis of breast carcinoma as an early
event.

Invasion and metastasis mediated by the inactivation
of cell adhesion systems may not be a simple cascade.
Therefore, inactivation of E-cadherin is not the only
factor determining tumor invasion and metastasis. E-
Cadherin-associated proteins, @-, 8- and 7-catenins,
which bind directly to the cytoplasmic domain of E-
cadherin and the cytoskeleton, have been shown to regu-
late E-cadherin function."? Qchiai et al.®® reported
that in breast carcinoma E-cadherin expression was con-
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served in all scirrhous carcinomas examined, whereas
75% of the tumors showed reduced «-catenin expression
by immunohistochemistry. The deletion of a part of the
a-catenin gene, which is responsible for cadherin dys-
function, has been reported in human cancer cell lines,?®
Recently, Rimm et al.*” reported that reduction or loss
of expression of E-cadherin and a-catenin occurred in
63% and 8§1% of primary breast carcinomas, respec-
tively. The differences in incidences of immunohistochem-
ical reactivity among reports might result from de-
stabilization of the transcript or protein.*” However, our
genetic analysis indicated that aberrations of the E-
cadherin gene are not the major mechanism in disruption
of the cell adhesion systems in breast carcinoma. E-
Cadherin may lose its function as a cell adhesion mole-
cule without any structural alteration of the gene itself,
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