Virchows Arch (1999) 434:489-495

ORIGINAL ARTICLE

© Springer-Verlag 1999

Christoph Schuhmacher - Ingrid Becker

Sandra Oswald - Michael J. Atkinson

Hjalmar Nekarda - Karl-Friedrich Becker

James Mueller - J. Rudiger Siewert - Heinz Hofler

Loss of immunohistochemical E-cadherin expression in colon cancer
is not due to structural gene alterations

Received: 14 September 1998 / Accepted: 23 February 1999

Abstract E-cadherin, a transmembrane cell adhesipgy
molecule, has been observed to have an altered pattern o
immunoreactivity in several types of carcinomas. In lolgell-cell interactions are of major importance in tissue
ular breast cancer, loss of immunoreactivity has begevelopment and for the maintenance of normal organ
shown to be due either to out-of-frame deletions or finction. Malignant transformation of tissue is character-
nonsense mutations of the E-cadherin gene. We analyiged by cellular disintegration and dissemination leading
29 cases of completely resected colon carcinoma withinvasive growth. E-cadherin, a calcium-ion dependent,
immunohistochemistry using the HEC-D1 antibodgell-cell adhesion molecule, has a key role in the organi-
Normal protein expression similar to that in the adjacezdtion of epithelia, the morphological appearance of epi-
nonmalignant mucosa was seen in 6 cases, whengadial cells and their ability to form stable aggregates.
23 tumours had reduced or absent E-cadherin expressioansfection of various cadherins into mesenchymal cells
In the 8 cases with no expression of E-cadherin reveatedults in an epithelioid morphology in which the previ-
by immunohistochemistry, the entire E-cadherin cDNd8usly separate cells form aggregates. Homotypic cellular
sequence was analysed. In these cases, sequence anatygiegates of various cell types have been shown to be
failed to reveal any cDNA mutations despite the negatiwgediated by different classes of cadherins, demonstrating
immunohistochemistry. Possible explanations for thisat the members of the cadherin family have a selective
discrepancy include regulatory defects in the E-cadheaibility to form cell-cell interactions [6, 28, 32, 33].
promoter, abnormalities at the translation or protein pro- Histopathological examination of human carcinomas
cessing levels and mutations in other parts of the gévss revealed inconsistencies in the correlation of tumour
that were not investigated by the cDNA analysis (e.g. istage and grade with reduced immunoreactivity for E-
tronic sequences), which could play a role in causing @adherin [4, 15, 19, 20, 24, 27, 35]. Studies of colorectal
normal processing of the E-cadherin protein. neoplasms have suggested that there is a negative corre-
lation between the degree of E-cadherin expression and
size and severe dysplasia in adenomas and between E-
cadherin expression and tumour grade and the occur-
rence of metastasis in carcinomas [7, 9]. In several other
studies, however, the pattern of E-cadherin expression
showed no correlation with conventional staging (Dukes’
classification) [8] or tumour differentiation [17, 23, 34].
Loss of E-cadherin expression has been correlated with
an increased rate of lymph node metastases in some
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studies [27, 29], presumably because of increased cell
motility resulting from the release of the cells from their
attachment to adjacent epithelial cells.

A possible explanation for reduced expression and
loss of biological function of E-cadherin has come from
the analysis of the E-cadherin gene. In gastric carcinoma
loss of E-cadherin expression has been shown to be cor-
related with a lack of differentiation and with the diffuse
histopathological subtype according to the Laurén classi-
ication. The diffuse type, which is characterized by inf-
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iltrative growth, has been shown to have lower E-cadg (15 min at 650 W). Endogenous peroxidase was blocked with
herin immunoreactivity than nontumour mucosa [2 .2% hydrogen peroxide. The E-cadherin-specific antibody HEC-

. . - . . '] (Takara Biomedicals, Takara Shuzo, Japan) was used at room
36]. Genomic E-cadherin alterations (point mutations Qe ratre at a dilution of 1:1000 with an incubation time of

splice-site mutations at the DNA level, with resulting eX-5 h. Detection of bound antibody was carried out with the avi-
on loss) have been reported in 50% of diffuse-type gaswbiotin complex peroxidase method (ABC Elite kit, Vector,
tric carcinomas [1]. Exon deletions have also been digulingame, Calif.) and was followed by staining with a peroxi-
tected in a Japanese patient population [22]. In contr%;e substrate (Sigma Fast DAB, Sigma, Deisenhofen, Germany).

- ) . . lacement of the first antibody with phosphate-buffered saline
lobular breast carcinoma, which also has a diffuse iRfyved as a negative control. y phosp

iltrative pattern, has mutations of the E-cadherin gene,Staining was classified as normal when it was similar to non-
but these are nonsense mutations, which result in integlignant mucosa as described previously (Fig. 1) [30], as weak
ruption of protein synthesis [2] Crotsion between normal and weak (ig- ) and as negative when
Since the previously published studies describing 6ﬁ?ére was no visible reaction (Fig. 4). Ingaddition, the cgllular dis-
normalities of E-cadherin in colorectal carcinoma atgbution of staining was described as normal if it was membrane
mainly based on immunohistochemistry and do not d®und, and abnormal when it had an intracellular distribution
scribe their underlying genomic basis, our aim was to dEig. 3). The staining distribution pattern was scored as homoge-

termine whether they could be traced to mutations of the

E-cadherin gene. Fig. 1 An area of colon carcinoma showing E-cadherin expres-
sion with a normal intensity and membranous distribution. HECD-
1 antibody (DAB development) and haematoxylin counterstain,

Materials and methods original magnification x25.2
Fig. 2 A colon carcinoma showing E-cadherin expression with a

Samples of carcinoma and normal mucosa from 29 patients Wf@uced intensity. HECD-1 antibody (.D_AB'deverI?_pment) and hae-
had undergone surgery for adenocarcinoma of the colon were BIiBL0OXylin counterstain, original magnification x:'52

tained and snap frozen in liquid nitrogen. The resection specimggb; 3 A colon carcinoma showing only focal, weak E-cadherin

were formalin fixed and paraffin embedded for routine histopath@er -assion. HECD-1 antibody (DAB development) and haematox-
logical examination. Tumours staged as pT1 or pT4 and those Wi counterstain original magnification x2532

distant metastases were excluded from the study.

Sections of formalin-fixed, paraffin embedded tissue 5 mRig. 4 A colon carcinoma case without E-cadherin expression.
thick were deparaffinized and rehydrated. Antigen retrieval weeCD-1 antibody (DAB development) and haematoxylin counter-
performed by means of a citric acid solution and microwave hestain, original magnification x2%2
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GCC AGG AGA GGA GTT GGG AA
ATC CAG AGG CTC TGT CAC CTT

GGC GGC ATT GTA GGT GTT CAC
AAA ATG CCATCG TTG TTC ACT
CAG CGT GGG AGG CTG TAT ACAC

TTG GGT CGT TGT ACT GAATGG TC
GGT CAT AAA CAT CAT TGATGC AGA C

GAC TTT GAC TTG AGC CAG CTG C

Primers used for cycle dye-sequencing
Sequence (50 3)

rPre4
rEx5
rEx7
rEx9/1
rEx12
Ex12/2 neu
Ex15

rEx9/2a

Name

Length of

PCR product
834 bp
1140 bp
1147 bp

93-926
640-1780
1689-2836

Nucleotide

positiort

CCATGG GCC CTG GAG CCG C
CTG GAAGAG CACCTTCCATGAC
GGC AAA GAA GGC AAG GTT TTC
TGT GTA CGT GCT GTT CTT CAC
GGC TGG AGATTAATC CGG ACAC
CTC ATC TCA AGG GAA GGG AGC

Sequence (5 3)

rEx6

Ex5

rex11
r3prime/neu

Primers used for amplification

ATG
Ex11

Name
aNucleotide positions refer to an E-cadherin sequence deposited in the EMBL/GenBank Data Libraries, accession 0. Z13009

Forward
Reverse
Forward
Reverse
Forward
Reverse

Table 1 E-Cadherin primers used for amplification and cycle dye-seque:icing
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neous when the entire tumour area was stained, and heterogeneous
when there were tumour areas without immunoreactivity. Eleven
tumours (6 with weak and 5 with reduced staining) showed a het-
erogeneous pattern of staining. The remaining 10 (6 with normal
and 4 with reduced staining) had a homogeneous pattern.

In the 8 cases with negative immunoreactivity with HEC-D1
antibody, tumour samples frozen at the time of surgical resection
were used for standard guanidinium isothyiocyanate RNA extrac-
tion and cesium chloride centrifugation. A section from each of
these samples was stained with haematoxylin and eosin to ensure
that at least 70% of the sample consisted of tumour cells. The re-
sulting mMRNA (1 mg) was reverse-transcribed and then amplified
by PCR in three overlapping segments spanning the entire coding
region for E-cadherin (for cDNA primers see Table 1). The PCR-
cycle conditions were: denaturation for 2 min at 94°C; annealing
for 2 min at 58°C; and elongation for 2 min at 72°C (Taq polymer-
ase and PCR buffer from Eurobio GmbH, Raunheim, Germany,
and PCR buffer from Perkin-Elmer. Foster City, Calif.; thermal cy-
cler from Biomed Labordiagnostik, Oberschleissheim, Germany).
Each result was confirmed by repeating the PCR amplification and
sequencing. The amplified cDNA fragments were purified by aga-
rose gel electrophoresis and sequenced in a dye terminator cycle
(thermal cycler 9600 from Perkin Elmer Cetus, USA) using rPre4,
rEx5, rEx7, rEx9/1, Exon 9/2a, rEx12, Ex12/2/neu, Ex15 as inter-
nal primers (Table 1).

Purification of the amplified product was performed with
Centri-Sep columns (registered trademark of Princeton Separa-
tions, USA) in order to eliminate nonincorporated dye terminators
before determination of the sequence with an ABI Prism 377 Se-
quencer (trademark of Applied Biosystems, Perkin Elmer, USA).
The sequencer settings were adjusted according to the Users’
Manual, Revision A, January 1995 by Perkin Elmer, USA.

After discharge, the patients were examined by their general
practitioner at defined intervals (every 6 months in the first 2 post-
operative years followed by an annual examination). Survival data
were calculated according to Kaplan and Meier [13]. Statistics
were calculated using the log-rank test with a significance limit of
P<0.05. Owing to the small number of patients, we did not per-
form multivariate analysis. Statistical analysis was performed with
BMDP Statistical software, 1990 version (Cork, Ireland).

Results

Tissue sections from the 29 cases were examined using
HEC-D1 as the E-cadherin-specific antibody. All speci-
mens included nonmalignant mucosa as well as neoplas-
tic areas, as an internal control of the immunoreactivity
for each case. In all cases, the nonmalignant colonic mu-
cosa showed homogeneous staining along the intercellu-
lar borders of the epithelial cells. In the corresponding
malignant mucosa, three staining patterns with regard to
intensity, cellular distribution and tissue distribution of
the staining reaction were observed. Staining intensity
similar to that in apparently normal mucosa was found in
6 tumours (21%) and was categorized as normal. Nine
tumours (31%) had clearly visible staining which was
less than in the surrounding normal mucosa, which was
categorized as reduced. Six (21%) cases showed minimal
staining and 8 tumours (28%) had no detectable E-cad-
herin immunoreactivity (Table 2). According to the
staining pattern, 4 cases (13.7%) had a normal staining
reaction along the intercellular borders, with the remain-
ing 17 cases (58.6%) having scattered cytoplasmic stain-
ing with diminished localization of E-cadherin at the cell
membrane. In 10 tumours cases (34%) the entire tumour
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Table 2 Results of staining for HEC-D1 antibody in colon carcinoma. Staining is compared with staining of normal mucosa cells in the
same histopathological section. Tumor grading according to WHO criteria

Staining n Intracellular n Intratumoral n

intensity distribution distribution

Normal 6 (21%) membrane bound/ 4 (14%) Tumor 10 (34%)

intensity/ G2n=3 grading Gn=3 homogeneous

grading G3=3 G3n=1 positive

Reduced 9 (31%) membrane bound 13 (44%) Tumor 11 (38%)

intensity/ G2n=6 and cytoplasmic/ Ga=7 heterogeneous

grading G3=3 grading Gh=6 positive

Minimal 6 (21%) cytoplasmic only/ 4 (14%)

intensity/ G2n=5 grading Gh=4

grading G3=1 G3n=0

No staining 8 (28%) no staining 8 (28%) Tumor 8 (28%)

observed/ G2=3 observed/ G2=3 homogeneous

grading G3=5 grading G=5 negative

Total number 29 (100%) 29 (100%) 29 (100%)
ITNTNTNTNTNTN - M bp standard prognostic factors such as nodal involvement

and tumour grade [8] showed a correlation with survival,
but owing to the small number of cases this did not reach
1230 statistical significance (log rank teBt0.06 for grade;
~ 1033 P=0.07 for nodal metastasis). We found that cases with
absent or weak E-cadherin expression had better survival
than patients with a normal staining pattern if E-cadherin
staining was analysed independently of other factors,
Fig. 5 A representative agarose gel showing PCR amplified 8uch as nodal involvement and grade. Cases with normal
cadherin cDNA fragments from six patients. Amplification prodar reduced E-cadherin expression had a statistically sig-

ucts from non-tumoursN) and tumour T) tissue are shown for ntlficantly poorer survival than cases with little or no ex-

each patient. The primer pair Ex5/Ex11 was used for PCR, resyli- _ . . L o
ing in amplification of a 1140-base-pair (bp) portion spanning e§ ession (in univariate analysis: log rank t8s0.05).

ons 5-11. Sequence analysis of the tumour-associated PCR arfgitong the cases with normal or reduced E-cadherin ex-
fication products revealed no structural mutations. The sizes of gression 6 had nodal metastases, as against only 3 of the

molecular Welght mar_kerSN(_), _are Indlcated in base pairs. Th%aﬂents whose tumours showed weak E-cadherin expres-
lane labelled with theninus sigris the negative contr:l sion or none at all

area showed immunoreactivity, which was classified as
homogeneous in contradistinction to the remaining Discussion
(38%) cases, which had scattered tumour areas without
staining (a heterogeneous pattern). There was no corrélee role of cell adhesion in cellular differentiation and
tion between E-cadherin reactivity and standard progntissue organization and its breakdown in the development
tic factors such as tumour grade and stage. of carcinoma is of growing importance for our under-
To determine whether in the 8 cases without expresanding of the invasive and metastatic potential of ma-
sion of E-cadherin with the HEC-D1 monoclonal antlignant neoplasms. Cadherins are a major component of
body the pattern was due to E-cadherin gene alteratiadhsg, cell-cell interaction system, which is linked to the cy-
we sequenced the E-cadherin cDNA reverse transcribbeglasmic actin skeleton. In epithelial tissues, E-cadherin
and amplified from these cases. Wild-type E-cadherin $&-normally distributed along the cellular membrane but
quences without any detectable structural mutations wag on luminal cell surfaces [30]. Neoplastic epithelial
found in all 8 patients lacking reactivity with HEC-DZcells of most organs show alterations of E-cadherin ex-
antibody. Figure 5 shows a sequencing gel in a case withssion, especially cells of carcinomas of the head and
negative staining for E-cadherin; no mutation was identieck [29], bladder [20], breast [12] and cervix uteri [35].
fied. A significant reduction in E-cadherin expression has
Most (26, or 90%) of the patients had complete clinbeen observed in poorly versus well-differentiated ductal
cal follow-up and were available for analysis. One pearcinoma in situ (DCIS) of the breast [10], which indi-
tient was lost to follow-up after 50 months, and 2 afteates that its loss is probably an early event in the devel-
35 months. After a median follow-up time of 43 monthgpment of ductal breast carcinoma. The data concerning
(range: 25-72 months), 8 deaths were observed, whidforectal carcinoma and E-cadherin expression are
were due to colon carcinoma (liver metastasis or peritouch less conclusive. Other investigators have found re-
neal carcinosis). The 5-year survival rate was 72%. Ttheced or absent expression of E-cadherin in cases of co-
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Table 3 Results of staining for HEC-D1 antibody in colon carcisection no staining: &; minimal intensity: +, reduced intensity: ++;
noma in relation to histopathological stage (Staining is compamarmal intensity: +++ Tumor grading according to WHO criteria)
to staining of normal mucosa cells at the same histopathologi:al

Case Sex Age Segment Dukes pTNM Grade Histological Immuno-
no. of Colon classification stage subtype (WHO) staining
intensity
1 Female 82 Ascending B pT3NO 3 Adenocarcinoma ++
2 Female 57 Ascending B pT3NO 2 Adenocarcinoma +
3 Female 83 Ascending C pT3N2 3 Adenocarcinoma ++
4 Male 40 Ascending B pT3NO 3 Adenocarcinoma a
5 Male 54 Sigmoid B pT3NO 3 Adenocarcinoma ++
6 Female 70 Ascending C pT3N1 2 Adenocarcinoma ++
7 Female 46 Transverse B pT3NO 2 Adenocarcinoma +
8 Male 57 Descending B pT3NO 2 Adenocarcinoma ++
9 Female 60 Descending C pT3N2 3 Adenocarcinoma +
10 Female 63 Sigmoid C pT3N1 3 Adenocarcinoma +++
11 Female 61 Descending B pT3N1 3 Adenocarcinoma +++
12 Female 54 Descending B pT3NO 2 Adenocarcinoma 1%}
13 Male 59 Descending B pT3NO 3 Mucinous adeno. (/]
14 Female 52 Descending A pT2NO 2 Adenocarcinoma ++
15 Male 66 Sigmoid B pT3NO 3 Adenocarcinoma (/]
16 Female 72 Ascending B pT3NO 3 Adenocarcinoma (/]
17 Male 84 Ascending B pT3NO 2 Adenocarcinoma a
18 Female 72 Cecum B pT3NO 2 Adenocarcinoma (0]
19 Male 48 Ascending B pT3NO 2 Mucinous adeno. +
20 Female 48 Sigmoid B pT3NO 2 Mucinous adeno. ++
21 Male 49 Transverse B pT3NO 3 Adenocarcinoma (/]
22 Female 75 Cecum B pT3NO 2 Adenocarcinoma ++
23 Male 63 Ascending B pT3NO 2 Adenocarcinoma +
24 Female 87 Sigmoid C pT3N1 2 Adenocarcinoma +
25 Male 53 Sigmoid C pT3N2 2 Adenocarcinoma +++
26 Female 82 Sigmoid C pT3N1 2 Adenocarcinoma ++
27 Male 70 Transverse B pT3NO 3 Adenocarcinoma +++
28 Male 44 Ascending B pT3NO 2 Adenocarcinoma +++
29 Male 85 Ascending C pT3N1 2 Mucinous adeno. +++

lorectal carcinoma, as in our study, but were not able toReduced or absent immunoreactivity for E-cadherin
correlate this with the invasive or metastatic potential ofrrelated with a better survival in the Kaplan-Meier sur-
the tumours or with prognosis [17, 18, 23, 34]. vival analysis. This surprising result might be due to the
In our series, only 4 tumours (13.7%) showed a stafact that in this subgroup the cases with nodal metastasis
ing pattern similar to that at apparently normal mucosmd less differentiated tumours were underrepresented
all others (=25) having either reduced expression or aompared with the group of E-cadherin immunoreactive
abnormal, cytoplasmic E-cadherin distribution. The pheases. Among the cases with minimal or absent E-cad-
nomenon of cytoplasmic E-cadherin immunoreactivitiierin expression, 14 (80%) were free of nodal metastases
which was seen in 17 (58%) of our tumours, has preaind 8 were classified as G2 tumours compared with only
ously been described as correlated with the degree6db3 tumours. More moderately than poorly differentiat-
dysplasia in cervical intraepithelial neoplasia and witdd tumours expressed E-cadherin (9 vs 6 cases). The un-
differentiation of the tumour in pancreatic carcinomequal distribution between the two groups, particularly
[35]. Among the 17 moderately differentiated (G2) twwith respect to nodal metastases, might explain the unex-
mours we found cytoplasmic staining in 12 cases, whepected correlation of abnormal E-cadherin expression
as 3 tumours had normal, membrane-bound E-cadhevith a better clinical course and should be re-examined
expression. Three tumours in the G2 group showed ina larger number of patients with equal distributions of
membrane-bound E-cadherin expression. The 12 poatgndard prognostic factors. In addition, these findings
differentiated (G3) tumours showed cytoplasmic expresiggest that immunohistochemically detected E-cadherin
sion in 6 cases, membrane-bound staining in 1 case pratein expression is of minor importance compared
absent E-cadherin expression in 5 tumours (Table 2). @yth conventional prognostic factors, such as stage and
toplasmic staining has been interpreted as either protgiade, as far as its contribution to invasive and metastatic
on its way to the cell surface or as an artefact [35]. Simqma&tential in colon cancer is concerned.
artefacts would also be seen in mucosa with a normal apGenomic alteration of E-cadherin in cancer has been
pearance, it seems more likely that cytoplasmic stainirgported previously for gastric carcinoma [25]. Somatic
is a reflection of defects in the transfer or integration alteration of E-cadherin messenger RNA has been identi-
bound E-cadherin to the cell membrane, or the resultfied in 50% of diffuse-type gastric carcinomas. In addi-
an abnormal association with cytoplasmic proteins.  tion E-cadherin has been found to be mutated in a high
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proportion (4 of 7 and 5 of 9 cases) of invasive lobular mour/invasion suppressor gene mutated in human lobular
breast carcinomas [2]. In contrast to these results, oyrbreast cancers. EMBO J 14:6107-6115

- - . . Birchmeier W, Weidner KM, Hulsken J, Behrens J (1993) Mo-
analysis of colon carcinoma revealed no E-cadherin m “lecular mechanisms leading to cell junction (cadherin) defi-

tations. The discrepancy between the lack of immunohis-ciency in invasive carcinomas. Semin Cancer Biol 4:231-239
tochemical staining and the apparently normal E-cad- Bongiorno PF, al-Kasspooles M, Lee SW, Rachwal WJ, Moore
herin mMRNA molecules might be explained by regulatory JH, Whyte RI, Orringer MB, Beer DG (1995) E-cadherin ex-

; _ ; _ ; _ pression in primary and metastatic thoracic neoplasms and in
defects. A possible down-regulation of a E-cadherin pro Barrett's oesophagus. Br J Cancer 71:166-172

moter could be a key to a loss of E-cadherin expressi@npreen E, Clarke A, Steele G Jr, Mercurio AM (1993) Poorly
leading to reduced cell integrity in these cases [3]. Re- differentiated colon carcinoma cell lines deficient in alpha-

gions close to the E-cadherin gene have been found tocatenin expression express high levels of surface E-cadherin

induce specific transcription factors and, in some dedif- g‘gm'r?]‘ﬂ; fgg%"_)éggpe“dem cell-cell adhesion. Cell Adhes
ferentiated cells, these fragments are deleted. _Furthg_r,Byers SW, Sommers CL, Hoxter B, Mercurio AM, Tozeren A
E-pal, a specific sequence which binds transcription fac- (1995) Role of E-cadherin in the response of tumour cell ag-
tors, has been described and appears to play a criticagregates to lymphatic, venous and arterial flow: measurement
part in E-cadherin gene transcription [11]. A change of cell-cell adhesion strength. J Cell Sci 108:2053-2064

: - : - . . . Dorudi S, Sheffield JP, Poulsom R, Northover JM, Hart IR
steric configuration in the region of the E-cadherin gen (1993) E-cadherin expression in colorectal cancer. An immu-

due to the methylation of CpG sites in the promoter re- nocytochemical and in situ hybridization study. Am J Pathol
gion and a change in the chromatin ultrastructure of the 142:981-986 . ‘ ‘
promoter region have also been suggested as possible &dPukes CE (1936) Histological grading of rectal cancer. Proc R

planations for down-regulation of E-cadherin expression %‘;‘;Mﬁgﬁgigﬂ%ﬁqir 0. Liu D. Guida M. Benvestito S

This idea is supported by the observation that cells with- ryers TG, Benjamin IS, Northover JM, Stamp GW, Talbot IC
out E-cadherin expression tend to show DNA hyper- (1995) Changes in E-cadherin immunoreactivity in the adeno-
methylation [37]. anaécla‘lrginloﬂa sequence of the large bowel. Virchows Arch
DNOAurfstﬁdyElllusérhate_S that a.mUtaitlon n t?e expreISSf& Gupta SK, Douglas JA, Jasani B, Morgan JM, Pignatelli M,

\ of the E-cadherin gene Is only one of several po-"\jansel RE (1997) E-Cadherin (E-cad) expression in duct car-
tential mechanisms that might disturb the expression orcinoma in situ (DCIS) of the breast. Virchows Arch 430:23—

function of E-cadherin in epithelial tumours. Carcinomas 28 _ _ _
with a more infiltrative phenotype, such as diffuse gagl. Hennig G, Behrens J, Truss M, Frisch S, Reichmann E, Birch-

: : : : : meier W (1995) Progression of carcinoma cells is associated
tric carcinoma and invasive lobular carcinoma of the with alterations in chromatin structure and factor binding at

breast, show a number of E-cadherin mRNA alterations, the E-cadherin promoter in vivo. Oncogene 11:475-484
whereas tumours with an organized phenotype, includit®y Hunt NC, Douglas JA, Jasani B, Morgan JM, Pignatelli M
colon carcinoma and ductal carcinoma of the breast, are(1997) Loss of E-cadherin expression associated with lymph

; .+ node metastases in small breast carcinomas. Virchows Arch
apparently more likely to suffer from a regulatory deficit 430:285-289

of E-cadherin protein expression [14]. The lack of corres. kaplan EL, Meier P (1958) Nonparametric estimation from in-
lation between E-cadherin expression and standard progcomplete observations. J Am Stat Assoc 53:457-481
nostic factors in colorectal carcinoma is evidence that thie Kashiwaba M, Tamura G, Suzuki Y, Maesawa C, Ogasawara

interaction between E-cadherin protein expression andS: Sakata K, Satodate R (1995) Epithelial-cadherin gene is not

colorectal tumour cell behaviour is complicated. Since mutated in ductal carcinomas of the breast. Jpn J Cancer Res
- h . : 86:1054-1059

tumour cell invasion and metastasis are complex process-Katagiri A, Watanabe R, Tomita Y (1995) E-cadherin expres-

es it is likely that other abnormalities of cell adhesion sion in renal cell cancer and its significance in metastasis and

molecules, such as DCC, CD44 and nm23, as well as thesurvival. BrJ Cancer 71:376-379

. . . : Kawanishi J, Kato J, Sasaki K, Fujii S, Watanabe N, Niitsu Y
cadherin-associated catenins, could outweigh the pot (1995) Loss of E-cadherin-dependent cell-cell adhesion due to

tial beneficial effect of normal_ E-cadherin expression [5: mutation of the beta-catenin gene in a human cancer cell line,
16, 26, 28, 31]. Further studies are warranted to clarify HSC-39. Mol Cell Biol 15:1175-1181 _
the complex interaction of these molecules and their if- Kinsella AR, Green B, Lepts GC, Hill CL, Bowie G, Taylor

; ; ; ; ; _BA (1993) The role of the cell-cell adhesion molecule E-cad-
pact on malignant progression, and in particular on inva herin in large bowel tumour cell invasion and metastasis. Br J

sive and metastatic potential. Cancer 67:904—909
18. Kitadai Y, Ellis LM, Tucker SL, Greene GF, Bucana CD,
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