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Abstract In breast carcinomas thieP53gene is altered |niroduction

in 10-30% of cases. Alteration of the gene may lead to a

general genomic instability, detected as deletions andtscadherin, located on the long arm of chromosome 16,
amplifications at the gene level, and as altered exprbetongs to a group of calcium-dependent transmembrane
sion at the mRNA and protein level. We have democell-cell adhesion molecules that bind to one another by
strated a strong association between down-regulatiorhofologic interactions and are classified into several
E-cadherin protein expression and alterations of the phfbclasses [1]. Cadherins are important for the mainte-
protein, detected afP53 gene mutation and/or proteinnance of adult tissue architecture, and their function is
accumulation in tumour samples from 210 patients witlependent of the interaction between the cytoplasmic do-
breast carcinoma#$(<0.001). Investigation of allelic im- main and elements of the cellular cytoskeleton [18]. In
balance using microsatellite markers located near thetlte adult, almost all epithelial cells express both E-cad-
cadherin locus was also performed. A higher frequenugrin and P-cadherin. E-Cadherin tends to be distributed
of loss of heterozygosity in the microsatellite markemiformly throughout the glandular epithelial layer,
closest to the E-cadherin locus was observed in sampibereas P-cadherin is concentrated in the basal layers.
with down-regulation of E-cadherin protein expressiohe same distribution is found in normal mammary
A higher frequency of down-regulation of the E-cadhergiand. Down-regulation of E-cadherin has been found in
protein expression was found in invasive lobular carcingariety of human carcinomas, including breast [5].

mas than in invasive ductal carcinomas, although thisin experimental systems cadherins decrease tumour
difference was of borderline significair<0.084). Cases invasion [7, 11, 19, 23]. Several groups have studied E-
in the present series were also immunostained forcadherin expression and its prognostic value in different
erbB-2 protein overexpression. A significant associatituimour types [8, 12, 14, 16, 17, 20], and down-regulation
between p53 protein accumulation and cerbB-2 proteifiE-cadherin expression in breast carcinomas has been
overexpression was seeR=0.036). The results of thefound to correlate with differentiation grade. Lindblom
present study indicate that p53 protein may play a roleeinal. [15] found loss of heterozygosity (LOH) at the long

regulation of E-cadherin protein expression. arm of the chromosome 16 to be associated with devel-
opment of distant metastases. Berx et al. [5] have recent-
Key words Breast carcinomas - p53P53gene - ly demonstrated LOH in the region of chromosome 16

E-cadherin - Immunohistochemistry - Genomic instal"ilityhere E-cadherin is located, along with a high frequency
of mutations in the E-cadherin gene in lobular breast car-

cinomas.
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teration in theTP53 gene do not stop in G1/S. Thus In the investigation of LOH blood samples were available for
DNA damage will not be repaired and genomic instabifly 14 of the 38 patients with reduced/absent E-cadherin protein

. . . . xpression in the tumour tissue. These 14 samples, together with
ty will appear, with accumulation of deletions and amp@-e samples with strong immunoreactivity for E-cadherin in the

fictions [2, 22]. LOH of several genes, including thgrimary tumour, were analysed for LOH using the following mi-
gene coding for E-cadherin, may be the result of such ¢resatellite markers: D165S186, D165265, D16S398, D16S496 and

stability. Since LOH at the E-cadherin locus is associat@ffS515, all mapping to 16q22.1 where the E-cadherin gene is lo-
ated. These microsatellite markers were selected on the basis of

with InaCtlvatlng mutathns in the E-cadherin gene [Sﬁﬁormation obtained from the Genomic Data Base. The microsat-
reduced protein expression may be the result. ellite marker D16S496 maps closest to the E-cadherin gene. Mi-
The aim of this study was to evaluate the expressignsatellite genotyping was performed in microtitre plates by

of E-cadherin and its relationship to alterations in tf&R, using 50-100 ng DNA in a 10-pl reaction volume containing
p53 protein, and to evaluate whether p53 protein altefdd #M dATP, dGTP and dTTP, 2.5 uM dCTP, 0.7 uCi (a-32P)-

. g o - ."dCTP, 20 uM (3 pmol) of each primer and 0.3 U Tag DNA poly-
tions, and thereby genomic instability leading to h'g%erase and 1xPCR buffer Il (Perkin EImer). The oligonucleotides

frequency of LOH, leads to reduced expression of E-cagre purchased from Research Genetics.
herin in human breast carcinomas. Expression of E-cad-Two multiplex PCR reactions were performed combining the
herin and p53 alterations were also compared with fir%]:é’WT"k‘lg microsatellie markers: D g0 and 398, D165205 and
. . : . . The microsatellite marker was amplified separately.
INgS (_)f cerbB-2 expression detected by immunohis R reactions were performed in an MJ Research PTC-100 PCR
chemistry. machine. The PCR conditions were as follows: 94 °C for 5 min,
followed by 27 cycles of 94 °C for 30 s, 55 °C for 1 min 15's, 72
°C for 15 s and ending at 72 °C for 2 min. PCR products were sep-
Materials and methods arated on 6% denaturating polyacrylamide gels (1:19bis:acryl-
amide), containing 1xTBE and 7.7 M urea, for 1.5-2 h at 100 W
nstant in 0.5xXTBE buffer. The gels were transferred to filter pa-
or, dired, and exposed to Fuji Medical X-ray films, RX. Several
osures were performed for each gel (between 1 h and 4 days).
autoradiograms were scored visually by three independent ob-
a ‘ ; - vers. The intensities of the alleles in tumour samples from het-
rorrnm%dnlnd 1?16 pz:it\llentsn. d17053 2f2 t(?(f 1?%(?]8h0(){§)) patlﬁir\llts V;’ zygotes were compared with those observed in the matched
ymph node negatve a (42.0%), lymph node positive a od samples. Total or partial loss of one allele in the tumour

time of surgery. i
- . . . A was scored LOH. Cases with LOH were analysed at least
Twenty-eight of the tumours were classified as invasive Iobu(@\-‘Ce for verification.

carcinomas, 160 as invasive ductal carcinomas and 20 as bel o : . .
h ! P ; Statistical analysis was performed by the Chi-square test with
ing to other types. Two of the tumours were unclassified. Sixty; §es correction and Fisher exact when appropriate (total number

Material for this study was obtained from 210 primary breast ¢
cinoma patients admitted to Ulleval Hospital during the peri
from 1987 to 1994. The mean age of the patients at diagnosis
64.5 years (range 28-91 years). Lymph node dissection was

five of the tumours were classed as grade 3 (31%), 126 (61%).
grade 2 and 17 (8%) as grade 1 tumours. Grading of the tumours’
was based on the recommendations from Elston and Ellis [9].
Clinical stage was based on the TNM classification of 1988 [3]}
All samples included in this study were judged after histologicﬂesults
evaluation to contain more than 20% tumour tissue. Mean obser-

vation time was 2.8 years (range 1.5-4.4 years). Sixty-four Bss e samples from 210 tumours were examined for E-
tients (30%) had recurrences or distant metastases (to liver, lun g

skeleton, CNS) during the follow-up period. Thirty-six patientg%dh_e“n_ protein immunoreactivity. A strong membrane

had died of disseminated breast cancer, and 20 of other causesstaining in more than 50% of the cells (+++) was seen in
Fresh tumour tissue obtained at surgery was frozen in liquid 127 (60.5%) of the cases (Fig. 1A), in 10-50% (++) of

trogen and stored af70 °C. Frozen sections were cut and immyhe cells in 45 (21.4%) cases and in 5-10% of the cells

nostained for E-cadherin protein, applying the avidin-biotin—per: . - :
oxidase complex (ABC) method [13]. Briefly, frozen sectior?é"') in 8 cases (3.8%). Thirty tumours (14.3%) did not

were air-dried and fixed in cold acetone at 4 °C for 10 min. Aft&how any E-cadherin immunoreactivity. Normal breast
preincubation with mouse serum for 20 min at room temperatuepithelial cells were strongly immunostained.

the sections were incubated with a monoclonal antibody (428B |nyasive lobular carcinomas had more often down-

from Euro Diagnostica) for 16—22 h at 4 °C. The sections w : : : : :
then incubated with the biotin-labelled secondary antibody foreéggmatlon of the E-cadherin protein than invasive ductal

min and washed in PBS, followed by incubation with ABC for 68arcinomas (Table 1), although this difference was of on-
min. The peroxidase reaction was carried out by using diamirg- borderline significance R=0.084). Nine (32.1%) of
benzidine as chromogen. All series included positive and negatide tumours of invasive lobular type showed reduced or

controls. Only cells with distinct membrane staining were scorgq) ; ;

: . - . : —.absent E-cadherin expression, as opposed to 26 (16.3%
as E-cadherin protein positive. The proportion of |mmun0p03|t|vei the invasive ductalp carcinomas ?ﬁ both hiStOI(() ical )
cells was estimated semiquantiatively: + means 5-10%, @ 1 : h og
10-50%, and +++ more than 50% positive cells. groups down-regulation of the E-cadherin protein oc-

Antibodies NCL CB11 from Nova Castra laboratories wergurred more frequently in tumours with p53 alterations

used to detect cerbB-2 protein. The same staining procedure Wasn in tumours without p53 alterations.

applied as for E-cadherin protein. Only cells with distinct mem- P .
brane staining were scored as positive. The proportion of immuno-NO association was seen between reduced E-cadherin

positive cells was estimated semiquantitatively: + 1-10%, -&hd tumour grade. When E-cadherin protein expression
10-50%, and +++ more than 50% positive cells. and presence of lymph node metastases were compared,
p53 alterations were detected as mutations inT®P83 gene g gssociation was seen.

and/or p53 protein accumulation. These data have been reported pr - _ :
viously [6]. In 38 of the tumours a p53 protein alteration was detect-%uccessml staining for the cerbB-2 protein was

ed either by protein accumulation and/or as a mutation: 31 tumadgdlieved in 200 tumours. Of these, 22 (11.0%) showed
showed protein accumulation and 26 tumours had a mutation [6].Staining in more than 50% of the cells (Fig. 1B). In 10
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tumours (5.0%) staining was seen in 10-50% of t
cells. Three tumours (1.5%) showed staining in fel™%
cells, and in 165 (82.5%) no staining was seen. y

Of the 50 paired samples analysed LOH was detecy
in one or more of the microsatellite markers employed
35 (70.0) of the samples. The marker closest to the f§
cadherin gene, D16S496, showed LOH in 10 of the &
informative tumours (28.6%). Seven of these were fouf
among the 14 samples without detectable E-cadhe
protein expression in the tumour tissue. This is signif
cantly more frequent than LOH in tumours with normg
E-cadherin expressiorP£0.053). The other microsatel-
lite markers (D16S186, D16S265, D16S398 ar.
D16S515) did not show significantly higher LOH in E*
cadherin-negative than in E-cadherin-positive sampl¢
although there was tendency to higher LOH in E-ca
herin negative samples (Table 2). LOH was detected ol
in one sample for microsatellite marker D16S398. Exar
ples of tumours with LOH at the D16S496, D16S1E€
and D16S515 are shown in Fig. 2.

Markedly reduced or absent expression of the E-ce
herin protein was significantly associated with alter:
tions in theTP53gene scoed as mutations alone or as ¢
cumulation and/or gene mutationB €0.001, Table 3).
In cases with a normal p53 gene, 86.3% of the samp
showed strong (++ or +++) membrane staining. On
13.7% showed weak or no staining (0 or +). In sampl™
with mutation in theTP53gene only 50% showed strong -
membrane staining (++ or +++). bt o :

When E-cadherin protein expression and cerbB cerbB-2 y iy SRS s i e R s
overexpression were compared no association was Stci e B e
Table 4 shows the relationship between p53 alteratiqiig 1 A Tumour cells showing strong immunoreactivity to E-
and cerbB-2 protein expression. No significant assoctadherin proteinB Tumour cells are stained with antibodies to the
tion was found between mutations in file53gene and cerbB-2 protein. The tumour cells showed strong staining at the
cerbB-2 protein expression. Comparison of p53 protéiil membran:
accumulation and cerbB-2 expression revealed a signifi-
cant associationPE0.036). WhenTP53 gene mutation

E-cadherin

and p53 protein accumulation were compared no signifig. 2 Examples of microsatel- P
cant association was observed. lite analyses of breast carcino- | g D16S186
mas demonstrating loss of het- BT
erozygosity. Blood DNA sam-
Table 1 Expression of E-cadherin protein in different types diles are denoted3” and tu- i
breast carcinomi:s mour DNA samples, T
E-cadherin expression D16S515
B T
0/+ ++/+++
Invasive ductal 26(16.3%) 134(83.7%) i
Invasive lobular 9(32.1%) 19(67.9%) P=0.084
Table 2 Frequency of LOH of
different microsatellite markers D16S496 D16S186, 265, 515
in samples with reduced/absent LOH LOH
E-cadherin protein expression - . " .
strong protein expression of E- - -
cadherin E-cadherin protein ~ 0/+ 7(50.0%) 7(50.0%) 8(72.7%) 3(27.3%)
expression +H[+++ 3(14.3%) 18(85.7%) 24(66.7%) 12(33.3%)

P=0.053 Not significant
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Table 3 Relationship between

p53 protein and E-cadherin E-cadherin protein expression

protein expressionN\.S.not

significant) 0/+ i+
TP53gene Negative 25(13.7%) 159(86.3%)
mutations Positive 13(50%) 13(50.0%) P <0.001
p53 protein No accumulation 30(16.8%) 149(83.2%)
accumulation Accumulation 8(25.8%) 23(74.2%) N.S.

a . p53 alterations  p53normal 19(11.0%) 153(88.9%)

Scored as protein accumula- pS3abnormal 19(50.0%) 19(50.0%) P <0.001

tion and/or gene mutations

Table 4 Relationship between
p53 protein and cerbB-2 pro-
tein overexpressicin

cerbB-2 Protein overexpression

0 +
TP53gene Negative 144(82.8%) 30(17.2%)
mutation Positive 21(80.8%) 5(19.2%) N.S.
p53 protein No accumulation 144(85.2%) 25(14.8%)
accumulation Accumulation 21(67.5%) 10(32.3%) P=0.036
a . p53 protein p53 normal 136(84.0%) 26(16.0%)
Scored as protein accumula-|terations p53 abnormal 29(70.0%) 9(30.0%) N.S.

tion and/or gene mutations

lar carcinomas than in invasive ductal carcinomas. This
may be caused by a higher frequency of mutations in the
Lgmaining allele of E-cadherin gene in invasive lobular

The chromosome region 16g22.1 containing the E-c - o ; .
herin gene is frequently affected by LOH in prostatic ag@'cinomas than in invasive ductal carcinomas, as report-
eql by Berx et al. [5].

breast carcinomas [4, 15, 21], and somatic mutations : - . e
the E-cadherin gene have been described [4, 21]. Thel© investigate the role of p53 in amplification, we

strong association between p53 abnormalities and dofi2/uated the status of cerbB-2 protein expression in the

regulation of the E-cadherin protein in tumour tissue fropaMe Mmaterial. A significant association was seen be-
patients with breast cancer in this study is a novel findif§€en P53 protein accumulation and cerbB-2 protein im-
The LOH studies showed a significantly higher frequenfjHnoreactivity. A stronger and more widely distributed

of allelic imbalance in the S16D496 marker, located cld2rB-2 protein immunoreactivity was seen in grade 3
est to the E-cadherin gene, in tumours with down-regujgmeurs than in grade 1 and 2 tumours, although this dit-
tion of E-cadherin expression. This indicates that LOA€Nce was not significant. The same distribution was
may have a role in down-regulation of the E-cadherff€N ON comparison of p53 protein accumulation and the
protein, although relatively few samples from this cohd#fade of the tumo?rlsl [6]. Overexpression of ;[h(? cerbB-2
were available for the LOH investigations. Mutations Otéin seems to follow p53 protein accumulation more

the TP53gene may result in a high frequency of LOH dp&nTP53gene mutations. . .

the E-cadherin locus as a result of genomic instability, OUr results indicate that the p53 protein has a role in
and hence unmask a recessive mutation in the E-cadhhg'?‘dhe”n protein expression in breast carcinomas.
gene in the remaining allele. Both LOH alone and/or witf?H: @s @ result of p53 alterations and genomic instabili-
an inactivting mutation on the other allele will cause a r§: IS Probably one important mechanism. However, down-

duced or absent protein expression. LOH at other sitedggulation of E-cadherin protein expression also occurs in
a result of p53 protein alterations has been reported prégjours without detectable p53 alteration and LOH in the

Discussion

ously in breast carcinomas. Eyofjord et al. [10] found -cadherin locus, indicating that other mechanisms than
significant association between p53 protein alteratioh@H @lso regulate E-cadherin protein expression.
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