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Introduction 

Metastasis usually makes cancer incurable and 
is, therefore, a major determinant of the malig- 
nancy of this disease [1]. Benign tumors remain 
constraint to the proper domain of their tissue of 
origin. Local invasion, however, marks the onset 
of malignancy in human cancer. Malignant solid 
tumors form a spectrum from close-to-benign to 
extremely aggressive. Basocellular epitheliomas 
are invasive but not metastatic and they are cured 
in close to 100% of all cases. Primary tumors of 
the brain are invasive but rarely metastatic. Nev- 
ertheless, some of them are marked by a 2-year 
survival rate of not more than 10%. Head and 
neck cancers frequently kill through local inva- 
sion with involvement of the lymph nodes but 
without metastasis to distant organs. Improve- 
ment of local tumor control implicating longer 
survival has led to an increase in the frequency 
of distant metastases [2]. Melanomas frequently 
show limited local growth; they are invasive and 
form metastases in a large variety of organs. For 
the majority of human cancers, aggressiveness 
in terms of invasion and metastasis is situated 
between that of head and neck cancers and that 
of melanomas. For individual cancers, the TNM 

staging (T, primary tumor; N, lymph node; M, 
distant metastasis) is used for prognosis (TNM 
Atlas). For T staging depth of invasion is a major 
determinant. 

Current concepts describe metastasis as a mul- 
tistep process of invasion [3]: invasion from 
the primary cancer mostly through the basement 
membrane into the surrounding tissues; intrava- 
sation into lymph and blood; transport inside the 
circulation with the sinusoids of lymph nodes 
and with the capillary beds of lungs or liver as 
the first obstacles; extravasation at the site of 
lymph node or visceral metastasis. Metastases 
are invasive tumors as well and may repeat this 
multistep process, initiating the metastatic cas- 
cade. At each step of the process of metasta- 
sis we consider the expression of the invasive 
(I-plus) or the noninvasive (I-minus) phenotype 
within the frame of a micro-ecosystem (for exam- 
ple, see Fig. 1). Such micro-ecosystems con- 
sist of neoplastic cells and of a variety of host 
cells and extracellular matrix. Although such 
micro-ecosystems are initiated by the neoplas- 
tic cells, we consider the elements of the host 
as equally important partners in the expression of 
the invasive phenotypes [4]. This expression is 
believed to result from a balance between acti- 
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vation and inactivation of/-minus/invasion sup- 
pressor genes and i-plus/invasion promoter genes 
[5, 6]. The present review covers current knowl- 
edge about the expression of such genes with spe- 
cial emphasis on one particular suppressor gene 
product, namely the cell-cell adhesion molecule 
E-cadherin. 

Growth, governed by oncogenes and tumor 
suppressor genes, is regulated separately from 
the invasive phenotype [4]. Examples of onco- 
gene products are found mainly in families of 
growth factors, of growth factor receptors and of 
growth signal transducers. A famous example of 
a tumor suppressor gene product is the growth 
regulatory nuclear protein p53 [7]. Like invasion, 
growth regulation may fall also under the con- 
trol of micro-ecosystems. For example, growth 
of cancer cells at the site of metastasis may be 
controlled by paracrine organ-derived and some- 
times organ-specific growth factors [8, 9]. In anal- 
ogy with growth-regulating oncogenes and tumor 
suppressor genes, we have presumed that inva- 
sion promoter and invasion suppressor genes do 
exist encoding invasion-regulating molecules. 

Tumor development starts with genetic 
changes in a cell that will eventually give rise to 
a neoplastic cell population. This neoplasia mani- 
fests itself when it has grown up to a sizable extent. 
Progression to full malignancy implicating inva- 
sion and metastasis is believed to result from mul- 
tiple genetic changes. It is our hypothesis that pro- 
gression can also be described in terms of micro- 
ecosystems in which the host cells participate 
(Fig. 2). Questions such as 'When are invasion 
promoter genes activated?' and 'When are inva- 
sion suppressor genes inactivated?' may then be 
phrased as 'When do invasion promoter systems 
become sensitive to upregulation?' and 'When 
do invasion suppressor systems become sensitive 
to downregulation?'. The transition from an 'in 

situ carcinoma' to an 'invasive carcinoma' may 
then be described as the transition from a micro- 
ecosystem 'not permissive for invasion' toward a 
micro-ecosystem that is 'permissive for invasion'. 

Invasion promoter genes 

Invasion promoter or /-plus genes encode 
molecules that have a regulatory function in the 
expression of the invasive (I-plus) phenotype, 
i.e., the migration of cancer cells from one tis- 
sue domain into another. Such molecules may be 
implicated in a variety of cellular activities, such 
as migration, lysis of the extracellular matrix, cell- 
matrix adhesion and heterotypic cell-cell adhe- 
sion. These cellular activities have been recently 
reviewed [10] and we shall add here a few more 
examples of how they may be regulated. 

Migration 

Migration is regulated by the expression of motil- 
ity factor receptors on the cancer cell and by 
autocrine (neoplastic cell) or paracrine (host 
cell) secretion of motility factors. Examples are 
autocrine motility factor (AMF) with its gp78 
receptor, and scatter factor/hepatocyte growth 
factor (SF/HGF) with its c-met receptor. AMF 
is sensitive to downregulation by retinoic acid at 
least in some of cells types and this may well 
explain its invasion and metastasis suppressor 
activity [11]. SF/HGF is a growth promoter for 
some cells and may act as a motility promoter for 
other cells [12]. It would therefore be expected 
to be a mediator of the I-plus phenotype. Indeed, 
SF/HGF was found to stimulate invasion of can- 
cer cells in some micro-ecosystems [13], although 
not in others [14]. Furthermore, in yet another 
system SF/HGF-mediated motility seems to serve 
the expression of the I-minus phenotype, i.e., the 
organisation of normal tissues. Expression of c- 
met was found to be prominent at the microvilli 
of the glandular lumina in the normal breast. In 
breast cancer the expression was less pronounced 
and restricted to the glandular parts of the tumor 
[15]. One explanation, given by the authors, is 
that epithelial scattering is needed for lumen for- 
mation. Why in such case c-met  expression is 
restricted to the microvilli is not clear. 
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Fig. 1. Transmission electron micrograph from a subcutaneous tumor produced by human MCF-7/AZ cells injected into a 
nude mouse; elements of the micro-ecosystem shown are: desmoplastic reaction with fibroblasts (arrow heads point at fibroblast 
nuclei) and extracellular matrix (asterisks); epithelial MCF-7/AZ cells (M). Scale bar = 2 #m. 
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Fig. 2. Schematicrepresentationofcancerdevelopmentinviewofthemicro-ecosystemconcept. Stages from normal epithelium 
to invasive cancer are defined in terms of the phenotype expressed by the neoplastic cells and their relationship to the underlying 
basement membrane. The fusiform cells represent the host cells; they are believed to be influenced by the neoplastic cell 
population (downward arrows) but they may in turn also influence the development of that neoplastic cell population (upward 
arrows). Not indicated are autocrine loops that may exist in both the host cell and the neoplastic cell populations. 

Breakdown of extrace!luIar matrix 

Breakdown of the epithelial or of the endothelial 
basement membrane is a prerequisite for primary 
invasion as well as for intravasation and extrava- 
sation of cancer cells [16]. Here, the molecular 
scenario resembles the one for migration in as 
much as hydrolases secreted by host cells may 
bind to receptors on the cancer ceils and by this 
way become focally active. Examples are plamin 
[17] and plasminogen activators (u-PA and t-PA) 
with their receptors, and matrix metalloproteinas- 
es (MMPs) and their binding sites. The activity of 
these enzymes is regulated not only by focaliza- 
tion but also through the conversion of an inactive 
into an active form and through specific inhibitors. 
Amongst  the latter, TEMPs are the most notable 
examples. This scenario does of cause not exclude 
other mechanisms of action of hydrolases. In 
human cancers, hydrolases and their competi- 

tots have been used as markers of aggressiveness. 
The following correlates may serve as examples: 
secretion of the MMP stromelysin-3 by mammary 
fibroblasts and transition from in s#u carcinoma 
toward invasive cancer [18]; enhanced activity of 
the serine protease u-PA and increased risk for 
recurrence in breast cancer [19]; levels of 72-kDa 
type IV collagenase and metastasis in lung cancer 
[201. 

Adhesion to extracellular matrix 

Cancer cell-matrix adhesion is regulated by 
extracellular matrix receptors. Such interaction 
between cells and extracellular matrix is not lim- 
ited to adhesion but also implicates signal trans- 
duction with regulation of gene expression. Qual- 
itative and quantitative changes &elements  of the 
matrix or of the matrix receptors have been related 
to invasion [reviewed in ref. 21]. Clinical exam- 
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ples of such relationships are: increased amounts 
of O~6/~ 4 integrin with aggressive types of squa- 
mous cell carcinoma [22] and expression of o~4/31 
and c~fl3 with melanoma progression [23]. 

Heterotypic cell-cell adhesion 

certainly not the only one, is the cell-cell adhe- 
sion molecule E-cadherin. We shall restrict our- 
selves, here, to a discussion of E-cadherin, the 
choice of which is based on its early and ubiqui- 
tous occurence at the epithelial cell-cell adherens 
junctions. 

At the site of the primary tumor, heterotypic adhe- 
sion between melanoma cells and tumor infiltrated 
lymphocytes may increase the aggressiveness of 
human melanoma [24]. 

Adhesion to the endothelial cell surface is 
believed to govern extravasation of both normal 
leukocytes and cancer cells [25]. Hynes and Lan- 
der [26] have recently presented an interesting 
scenario for the adhesion of leukocytes to the vas- 
cular endothelium. A leukocyte, expressing at its 
surface Lewis ×-leukosialin next to integrin recep- 
tors, passes along an endothelium. When such an 
endothelium is activated by inflammatory agents 
cell-cell adhesion molecules are expressed by the 
endothelial cells. In consequence, leukocytes are 
trapped by binding to sialyl Lewis x , and roll over 
the endothelium. This slower motion of leuko- 
cytes permits further dynamic interaction with 
the endothelium implicating activation of cell-cell 
adhesion molecules, that mediate stable adhesion 
and lead to extravasation. Molecules that are best 
documented for their role in cell adhesion may 
also serve as a docking site for other molecules. 
Cytokines such as macrophage inflammatory pro- 
tein (MIP-1,3) can be sequestered at the surface 
of the endothelium and by this way trigger events 
that lead to adherence and eventual extravasation 
of leukocytes [27]. One candidate for immobi- 
lizing MIP-1/3 at the endothelial cell surface is 
CD44, variants of which are shown to be involved 
in metastasis [27, 28]. 

Invasion suppressor genes 

Invasion suppressor or/-minus genes are believed 
to encode molecules that have a master function 
in the maintenance of normal tissue architecture: 
i.e., the I-minus phenotype which, obviously, pre- 
cludes invasion. One of such molecules, though 

Structure and function of E-cadherin 

Cell-cell adhesion molecules encoded by genes 
of the cadherin superfamily have been intensively 
studied with respect to the organisation of embry- 
onic and adult tissues [29-31 ]. One of these cell- 
cell adhesion molecules, E-cadherin (identical to 
or homologous with uvomorulin, L-CAM, Arc- 
1 and cell CAM 120/180) is expressed in most 
epithelia. Moreover, it might serve as an organizer 
(master molecule) of adherens junctions leading 
via a cascade of events to epithelial morphogene- 
sis [32-35]. The locus for human E-cadherin has 
been mapped to a subregion within band 16q22.1 
[33]. E-cadherin is synthesized from a 4.5-kb 
mRNA as a 135-kDa precursor polypeptide which 
is rapidly (2h) and efficiently (100%) processed 
to the mature 120-kD form [33]. It is delivered in 
its mature form to the cell surface, where it has a 
half life of about 5 h. The mature E-cadherin is 
an integral membrane glycoprotein with a single 
membrane spanning domain and an extracellular 
domain that is implicated in homophilic binding 
by an as yet unidentified mechanism (Fig. 3). The 
cytoplasmic domain is noncovalently linked to 
catenins. Catenins are members of protein fam- 
ilies involved in cytoplasmic anchorage of cell 
adhesion molecules. They are believed to be parts 
of a multicomponent submembranous network 
which connects E-cadherin to other integral mem- 
brane proteins and to the cytoskeleton [36, 37]. 
Catenins are directly associated with the cytoplas- 
mic domains of members of the cadherin family 
and coprecipitate with cadherins in immunopre- 
cipitation experiments. The following molecules 
belong to the catenin family: c~-catenin (102 kDa), 
showing homology to vinculin [38];/3-catenin (88 
kDa), which is homologous to the Drosophila 
armadillo (arm) gene product [39] and distinct 
from but closely related to plakoglobin [40]; "~- 
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catenin (80 kDa), the molecular structure of which 
has not yet been characterized. The structure and 
subcellular localisation of E-cadherin is compat- 
ible with a role not only in cell-cell adhesion but 
also in signal transduction. 

To explore the function of E-cadherin vari- 
ous assays have been used. A number of phe- 
notypes all expressed in vitro in the presence of 
Ca 2+ point to functional E-cadherin. Fast (30 min- 
utes) cellular aggregation under Gyrotory shak- 
ing as evident from direct observation and from 
Coulter counting (Fig. 4) probably reveals early 
steps of cell-cell contact [41, 42]. Inhibition by E- 
cadherin-neutralizing antibodies demonstrates the 
necessity for functional E-cadherin but does not 
exclude that fast aggregation is initiated or com- 
pleted by other molecules. Shaking under con- 
trolled shear force following fast aggregation is 
used to assess the strenght of E-cadherin-mediated 
cell-cell adhesion [43]. Compaction, i.e., forma- 
tion of compact aggregates as compared to loose 
clusters after overnight culture, reflects a func- 
tion of E-cadherin during early embryogenesis as 
discussed below [44]. Segregation of E-cadherin- 
positive cells from a 1:1 mixture with negative 
cells may mimic an early step in organogene- 
sis [45]. Epithelial organization on solid tissue 
culture substrate not only implicates cell-cell but 
also cell-substrate interactions [33]. With regard 
to this, it is interesting to notice that the cell-cell 
connection via E-cadherin and oz-catenin leads to 
the actin cytoskeleton and that this is also the 
case for the cell-substrate connection via inte- 
grins and vinculin [46]. Under the conventional 
light microscope, various patterns of E-cadherin 
immunostaining can be observed (Fig. 5). Epithe- 
lial organisation of cells, sometimes with forma- 
tion of a basement membrane, around fragments 
of embryonic chick heart in organ culture closely 
resembles the expression of the I-minus pheno- 
type in vivo [47-49]. Aggregation on top of a col- 
lagen gel without entering into the gel is another 
index for the I-minus phenotype [50]. When cells 
are mixed with the collagen before gelation, they 
form tight colonies or glandular structures inside 
the gel when E-cadherin-positive, whereas they 
scatter when E-cadherin-negative [44, 51]. All 

the abovementioned assays consider exclusive- 
ly homotypic cell-cell contacts (between cells of 
the same type) because it has always been firmly 
believed that E-cadherin served only homotypic 
interactions. Recently, however, heterotypic bind- 
ing of solitary cells to monolayer culture has been 
used to demonstrated E-cadherin-mediated inter- 
actions between Langerhans' cells of the skin and 
keratinocytes [52]. In vivo formation of epithelial 
structures is a good indication for expression of 
functional E-cadherin [1, 48, 49]. 

In these experiments, cells were mostly inject- 
ed as single cell suspensions in which case the 
formation of cysts, glands or tubules demonstrates 
the active nature of the expression of the I-minus 
phenotype. Phenotypes expressed in these differ- 
ent in vitro and in vivo assays may reveal different 
aspects of E-cadherin function. For instance, src- 
transformed rat cells scored positive in the fast 
aggregation assay but negative in the compaction 
assay [44]. MCF-7/6 human breast cancer cells 
produced epithelial sheets on solid tissue culture 
substrate but failed to aggregate in the 30-minute 
assay, in contrast with their counterpart MCF- 
7/AZ cells that scored positive in both assays (our 
unpublished results). It is our opinion that each 
assay has to be considered as a different micro- 
ecosystem, the elements of which may or may 
not influence the expression of the E-cadherin- 
dependent phenotypes [53]. 

The E-cadherin-dependence of the expression 
of the phenotypes in the abovementioned assays 
in vitro has been demonstrated through inhibition 
with E-cadherin-specific antibodies [47, 48, 51]. 
It should be recalled here that it was antibody- 
mediated prevention of compaction of preimplan- 
tation mouse embryos that led to the first detec- 
tion of E-cadherin [54]. Such experiments demon- 
strate that E-cadherin is operative in the expres- 
sion of the phenotype under consideration and that 
there is no biological redundancy, but they do not 
mean that E-cadherin is sufficient. 

We have considered above that growth and 
invasion are activities of cancer cells that are 
regulated separately. Growth would depend upon 
inactivation of tumor suppressor genes, and inva- 
sion upon loss of/-minus gene products such as 



51 

P P 

cl" 

CYTOPLAS M IC 

CaT+ Ca 2+ Ca2+ 

. . . .  

PM 
EXTRACELLULAR 

E-CADHERIN PROTEIN 

Catenins E-Cadhcrin 

i 

J 

s # 

Fig. 3. 

, Vir 
. / -  Talin 

Schemat ic  representat ion of  cell-cell and cel l-substrate  adhesion in relationship with the actin cytoskeleton.  The  
window details the molecular domain structure of the 120-kDa functional mature mouse E-cadherin (very high homology in 
functional domains with human E-cadherin), containing 728 amino acid residues. N, amino-terminus; C, carboxy-terminus; 
P, an undefined number of phosphorylation sites on Ser and Thr residues; Ca 2+, putative calcium-binding domains; flags are 
potential glycosylation sites; PM, plasma membrane. Modified after [10]; see also [31]. 

E-cadherin. There are, however, indications that 
the situation is less simple in as much as cell- 
cell adhesion molecules may be implicated also 
in growth. Some tumor suppressor gene prod- 
ucts were found to show similarity with cell-cell 
adhesion molecules. The Drosophila fat gene, one 
of the seven known Drosophila tumor suppressor 
genes, belongs to the cadherin gene supeffami- 
ly. It encodes a very large transmembrane protein 
of more than 5,000 amino acids with 34 tandem 
cadherin domains; 4 EGF-like repeats, a single 
transmembrane domain and a cadherin-unrelated 
cytoplasmic domain [55]. Recessive mutations in 
the fat locus cause loss of single-layered epithe- 
lial structure in the larval imaginal discs, as well 
as tumor formation. Whereas the former effect is 
dependent upon cell-cell interaction and reminis- 
cent of the anti-invasive function of E-cadherin, 
the latter is clearly related to growth promo- 
tion. The human DCC (deleted in colon cancer) 
gene, a member of the immunoglobulin adhesion 
molecule family, has been implicated in growth 
control of the colon mucosa [56]. Recent reports 
do, however, implicate the inactivation of the 
DCC gene also in the progression from nonin- 
vasive to invasive colon carcinoma on the basis 

of loss of heterozygosity on chromosome 18q 
including the DCC locus [57, 58]. Neither for the 
fat gene product nor for the DCC gene products, 
has it been demonstrated that they actually func- 
tion as cell-cell adhesion molecules. The cyto- 
plasmic domain of the fat gene product is different 
from that of the cadherins and an intact cadherin 
cytoplasmic domain is generally thought to be 
essential for cell-cell interaction. We may, there- 
fore, presume that both types of molecules medi- 
ate cell-cell interaction following different mech- 
anisms. A relationship between cell-cell adhesion 
and growth was also suggested by the experi- 
ments of Navarro et al. [59] and of Vleminckx 
et al. [48]; tumors produced by injection of E- 
cadherin-positive cells did grow more slowly than 
tumors from E-cadherin-negative cells. It remains 
to be examined whether in the above-cited cases 
alteration of growth results from direct signalling 
through cadherins, or is an indirect consequence 
of altered tissue organisation, or is a totally unre- 
lated event. 
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Fig. 4. E-cadherin-specilic fast aggregation of cells prepared by a two-step TE/TC procedure. Stock cultures are rinsed 3 times 
with Ca 2+- and Mg2+-free PBS, followed by a 30-minute incubation with collagenase (0.1 U/ml in Ca 2+- and Mg2+-free PBS) 
and by a 15-minute incubation with trypsin-EDTA (TE). Then, aliquots are taken for E-cadherin expression and fast aggregation 
(after TE). The rest of the cultures is incubated overnight with fresh culture medium to allow recovery of E-cadherin in preparation 
of cells for harvesting under E-cadherin-saving conditions. Therefore, cultures are rinsed 3 times with CMF-HBSS (Ca 2+- and 
Mg2+-free Hanks' balanced salt solution), followed by a 30-minute incubation with collagenase (0.1 U/ml in CMF-HBSS + 
0.04 mM CaCl2 + 1 g glucose/l), a 15-minute incubation with TC (0.01% in CMF-HBSS + 0.04 mM CaCI2 + 1 g glucose/l) 
and addition of soya bean trypsin inhibitor (0.1 U/ml in CMF-HBSS + 1 g glucose/l). Then ceils are harvested for E-cadherin 
expression and fast aggregation (after TC). Immunomanipulations were done with the monoclonal antibody HECD-1. Shaded 
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of particles were Coulter counted before (N(0 and after (N30) incubation on Gyrotory shaker in accordance with the method of 
Kadmon et al. [42]. 
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Fig, 5. Different patterns of E-cadherin immunostaining of cells in culture on glass: PROb (a) and REGb (b) rat colon 
carcinoma cells (unpublished results obtained in collaboration with E Martin); SHlbl D3 (c), SHlb2D5 (d), and SH 1b2B4 (e) 
canine mammary cancer cells (unpublished results in collaboration with N. Spiekers); MDCK dog kidney cells (f). Scale bars 
= 20 #m. 

E-cadherin expression in development and cancer 

During deve lopment  different cadherins are 
expressed in a topographically restricted fash- 
ion [60]. Amongst  them E-cadherin is the most 
widely distributed and the first to appear dur- 
ing embryogenesis .  Synthesis of  E-cadherin on 
mRNA encoded by the embryonic genome starts 

at the two-cell stage of  mammalian development  
[61]; it becomes phosphorylated at the 8-cell 
stage, where its distribution is still diffuse. Redis- 
tribution of  E-cadherin (uvomorulin) from a dif- 
fuse to a focalized pattern occurs at the stage of  
compaction [31]. The role of  E-cadherin (uvo- 
morulin) in compaction was demonstrated by 
inhibition with specific antibodies [62, 63]. Dur- 
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ing avian gastrulation, cells of the upper layer lose 
their coherence and ingress through the primitive 
streak. Edelman et al. [64] showed immunohis- 
tochemically that L-CAM (synonym for chick- 
en E-cadherin) was present between the cells 
of the upper layer in the groove of the primi- 
tive streak of the chick blastoderm at stage 9 of 
Vakaet [65]. Upper layer cells ingress and form 
the middle layer, a phenomenon comparable with 
cancer cell invasion. Thereafter, loss of cell-cell 
adhesion leads to detachment of the middle lay- 
er cells and this phenomenon is accompanied by 
loss of the expression of L-CAM. During organo- 
genesis, cell-cell adhesion may be reinstalled in 
some tissues. For example, Vestweber et al. [66] 
found that uvomorulin (E-cadherin) was present 
in kidney tubules that had recently (12 h) been 
formed out of uvomorulin-negative mesenchyme. 
The authors did not succeed in preventing for- 
mation of tubules by anti-uvomorulin antibod- 
ies, although they demonstrated that their anti- 
bodies had penetrated into the tissue and were 
bound to the uvomorulin. They concluded that 
other cell surface molecules may be sufficient 
for this morphogenetic process. An alternative 
explanation is that the antibodies had no neutral- 
izing effect despite their proper binding, as was 
observed by us with another antibody. Desmo- 
somal proteins appear later during development, 
namely at morula to-early-blastocyst stages, with 
the exception of plakoglobin which is synthezised 
at the compaction stage and becomes membrane- 
accentuated during late morula [67]. It is inter- 
esting to recall that plakoglobin belongs to the 
catenin family of E-cadherin-associated proteins. 
In the human placenta expression of E-cadherin 
is high in the villous cytotrophoblast; during dif- 
ferentiation and invasion the expression decreas- 
es [68, 69]. Maximal increase of E-cadherin as 
evident from Western blots coincided with maxi- 
mal aggregate formation between cytotrophoblast 
cells in culture. 

Although E-cadherin is expressed mostly by 
epithelial cells in both embryon and adult, excep- 
tions have been described. Particular regions of 
chick sensory ganglia and brain [70] and Langer- 
hans' cells of the adult mouse skin [52] are E- 

cadherin-positive. The latter finding is quite unex- 
pected since Langerhans' cells are antigen pre- 
senting cells that migrate from the bone marrow 
to the skin and from the skin to the lymph nodes. 
In adult tissues there is an event during which the 
compaction-specific redistribution of E-cadherin 
is reversed, namely mitosis. Indeed, in all M- 
phase cells the distribution is diffuse over the cell 
surface [see Fig. 2 in ref. 71]. 

Mouse skin tumors induced by a two-stage 
chemical carcinogenesis protocol show a reduced 
expression of uvomorulin and of Na +, K +- 
ATPase when they progress from the benign to 
the malignant stage [72]. The first paper indicat- 
ing alterations of the expression of E-cadherin in a 
variety of human tumors was published by Eidel- 
man et al. [73]. During the last three years more 
detailed reports have appeared about most human 
cancers (Table 1). The general picture emerging 
from these papers is that in the epithelia of ori- 
gin and in benign tumors E-cadherin is expressed 
by all cells (homogeneity) and that it is localized 
at the cell-cell contacts; in cancers, E-cadherin 
expression is heterogeneous and its location is 
more diffuse (for example, see Fig. 6). Such 
alterations are most obvious in poorly differen- 
tiated tumors which are known to be the more 
aggressive ones. Few studies have investigated 
the relevance of disturbed E-cadherin expression 
for clinical malignancy. Immunohistochemistry 
of more than 100 gastric cancers showed a corre- 
lation of reduced E-cadherin expression with local 
invasion and metastasis [74]. However, no corre- 
lation was found between E-cadherin-positivity 
and Dukes' stage in colon cancer [75]. 

Taken together these data show alterations in 
E-cadherin expression in malignant, i.e., inva- 
sive cancers, and this is in agreement with the 
idea that E-cadherin is an invasion-suppressor 
molecule [10, 76]. However, the static observa- 
tions on human biopsy specimens do not prove 
that expression of E-cadherin is the key event 
in epithelial organisation (I-minus phenotype) or 
that downregulation of E-cadherin is initiating 
malignancy (I-plus phenotype). Clearly, experi- 
mental evidence is needed to support or to refute 
these statements. 



Table 1. Aspects of E-cadherin expression in human tumors 

9D 

Type of tumor E-cadherin 
Method* Aspect 

References 

Breast 

Lung 

Colon 

Prostate 

Head and neck 

Esophagus & stomach 

Female genitalia 

Neurectodermal 

Meningioma 

Skin 

Wilms' 

Hepatocellular 

Miscellany 

RFLP 
Immunohistochemistry 
(HEeD-l) 

Immunohistochemistry Present 
(HECD-1) 

lmmunohistochemistry 
(DECMA- 1; 6F9) 
In situ hybridization 

RFLP 
In situ hybridization 

lmmunohistochemistry 
(6F9) 
in situ hybridization 

Immunohistochemistry 
(HEeD-l) 

Immunohistochemistry 
(HEED- 1 ) 

RFLP 

Immunohistochemistry 
(HECD-1) 

lmmunohistochemistry reduced 
(not mentioned) 

RFLP 

RFLP 

lmmunohistochemistry 

LOH 16 q 
Abnormally localised; 
reduced 

[19, 121,122l 

[123] 

[75,124, 125] 

allelic loss [89, 126] 
reduced to absent 

reduced to absent [127] 

Abnormally localised; [74,128] 
reduced 

Abnormally localised; [ 129] 
reduced 

LOH 16q [90] 

abnormally localised [130] 

[131l 

LOH 16q [93] 

LOH 16q [92] 

Abnormally localised; [73] 
reduced 

* Type of antibody in parenthesis 

E-cadherin has been looked at also in a few 
noncancerous conditions. 

In Darier disease with hyperkeratosis and 
crusted papules of the skin a markedly reduced 
immunoftuorescence (HEeD- l )  was found in 
sites of acantholysis [77]. In murine poly- 
cystic kidney disease (cpk/cpk mice), charac- 
terized by phenotypically disturbed epithelium 

of tubules and ducts with dysfunctional trans- 
port, kidney-specific downregulation of both E- 
cadherin and N-CAM was an early event, as evi- 
denced by Northern blotting and immunostaining 
[78]. Immediately after wounding of the mouse 
corneal epithelium, immunostaining demonstrat- 
ed a redistribution of the actin-binding protein 
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Fig. 6. Photomicrographs of frozen sections from a well differentiated (a) and from a poorly differentiated (b) human 
colon cancer; immunostaining with the E-cadherin-specific monoclonal antibody MLCA (Euro-Diagnostics; Apeldoorn, The 
Netherlands); arrowheads indicate E-cadherin-negative cancer cells inside the stroma and identified by immunostaining for 
cytokeratin (not shown); Scale bars = 20 #m (unpublished results in collaboration with J. Van Aken). 

fodrin throughout the cytoplasm, but the honey- 
comb pattern of E-cadherin did not change [79]. 

Experiments in vitro 

Experimental manipulations in vitro that have 
provided arguments in favour of an invasion- 
suppressor role of E-cadherin in various 
epithelium-derived cell types have been reviewed 
by Van Roy and Mareel [10], by Mareel et al. 
[49] and by Behrens et al. [76]. Transition of mes- 
enchymal (fusiform or f-type) cells to epithelial 
(epithelioid or e-type) cells after transfection with 
E-cadherin suggests that E-cadherin may initiate 
the organization of an epithelium (I-minus pheno- 
type). Indeed, in the experiments by McNeill et 

al. [80] E-cadherin-mediated aggregation was fol- 
lowed by redistribution of cell surface-associated 
molecules like Na +, K+-ATPase and installa- 
tion of vectorial transport functions. This pro- 
cess was Ca2+-dependent and necessitated intact 
E-cadherin bound homophylically to E-cadherin 
on another cell and linked with the cytoskele- 
ton at its cytoplasmic domain. For several fam- 
ilies of animal cell lines and for a variety of 
human cancer cell lines a negative correlation was 
found between the expression of E-cadherin and 
invasion in vitro [47, 48, 81, 82]. In most of 
these experiments the expression of E-cadherin 
was demonstrated in culture on solid tissue cul- 
ture substrate, i.e., in a micro-ecosystem that 
may differ much from the one established in the 



invasion assays used. In other experiments E- 
cadherin expression was examined immunohis- 
tochemically under the conditions of the inva- 
sion assay [83]. When human trophoblast cells 
were seeded on Matrigel, E-cadherin was found 
to be lacking specifically at sites where active 
invasion was suspected [68]. In vitro, transitions 
from the I-plus to the I-minus and from the I- 
minus to the I-plus phenotype were possible by 
cDNA transfection. In cancer cell types that were 
E-cadherin-negative, invasion could be abrogat- 
ed by transfection and expression of exogenous 
E-cadherin cDNA [48, 81, 82]. In E-cadherin- 
positive, invasion-negative cells, reduction of E- 
cadherin mRNA levels after transfection with a 
plasmid expressing E-cadherin-specific antisense 
RNA induced the invasive phenotype [48]. Inva- 
sion could also be induced by immunoneutral- 
ization in cells expressing the endogenous or the 
exogenous E-cadherin at high and homogeneous 
levels. Note that not all antibodies are functional- 
ly inactivating despite their specific binding and 
that the antigen cannot always be reached by the 
antibody. Absence of E-cadherin does not neces- 
sarily implicate the expression of the I-plus phe- 
notype. In cell lines derived from a normal murine 
mammary gland, E-cadherin-negative cells only 
became invasive after introduction of a powerful 
oncogene like ras [48]. The invasive behaviour 
of these cells was suppressed by transfection with 
E-cadherin cDNA, despite unchanged high levels 
of ras expression, indicating that E-cadherin may 
counterbalance the invasion promotor activity of 
the ras oncogene. How such oncogene induces 
the expression of the invasive phenotype and at 
what level this is counterbalanced by E-cadherin 
is an open question [10, 84]. 

Retention of Langerhans' cells in the skin can 
be considered as a normal type of metastasis 
that can be compared to some extent with der- 
motropic lymphoma [1]. In both cases circulat- 
ing cells home to the epidermis and are retained 
there for some time. Surprisingly, freshly pre- 
pared mouse Langerhans' cells were found to 
be E-cadherin-positive; they did adhere to ker- 
atinocytes in monolayer culture but not to E- 
cadherin-negative L cells [52]. The adhesion 
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was Ca2+-dependent and sensitive to antibodies 
against E-cadherin. Cultured Langerhans' cells, 
which are thought to be equivalents of Langer- 
hans' cells that have migrated to lymph nodes, 
expressed lower levels of E-cadherin and adhered 
poorly to keratinocytes. It would be of interest to 
know whether in the in vitro adhesion experiments 
Langerhans' cells adhere to the apical surface of 
the monolayer cells or are inserted between these 
cells. Furthermore, one would like to see an histo- 
chemical demonstration of E-cadherin on Langer- 
hans' cells in the epidermis in vivo. 

E-cadherin expression: in vitro as compared to in 
ViVO 

For selected cell lines, comparison between E- 
cadherin expression in vitro and in vivo provid- 
ed a first experimental indication of sensitiv- 
ity to micro-environmental influences. Indeed, 
injection into nude mice of homogeneously E- 
cadherin-positive cell types led to formation of 
tumors which were heterogeneous with regard 
to E-cadherin expression. Interestingly, where- 
as these type of cells were noninvasive in vit- 

ro, the tumors were invasive and sometimes 
also metastatic [5, 85]. Suppression did occur 
with both endogenous and transfected E-cadherin, 
despite the fact that the latter was under the con- 
trol of a supposedly constitutive promoter [48, 
86]. Zonal distribution of E-cadherin-positive and 
negative cells may be explained as clonal expan- 
sion of a progenitor cell in which E-cadherin 
expression was lost or as zonal distribution of 
downregulating factors. Selection in the host ani- 
mal for rare and stable E-cadherin-negative vari- 
ants is unlikely, because of the ready restoration 
of expression upon ex vivo culture. Furthermore, 
E-cadherin appears to be re-expressed in larger 
metastases, although these secondary tumors nev- 
er reach the fraction of positive cells observed in 
the primary tumor (Fig. 7). We have concluded 
from these in-vitro/in-vivo/ex-vivo observations 
that the loss of E-cadherin in tumors is tempo- 
rary. As put forward also by Gabbert et al. [87], 
such transient loss would allow invasion and it 
would last long enough for metastasis. The def- 
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inition of a metastatic cancer would then be: a 
cancer in which at least part of the cell popula- 
tion does invade for a certain period of time. This 
activity may stop and resume later on. 

Levels of E-cadherin regulation 

Cadherins are localized at the cell surface (Fig. 8). 
They are plasma membrane receptors, the struc- 
ture of which permits regulation at various levels 
(see Fig. 3). 

Mutant E-cadherins have been expressed in 
cultured cells [88], but in natural tumors no muta- 
tions have been found for cadherins, so far. In 
cancers, loss of heterozygosity (LOH) at specific 
chromosomal locations is accepted as an indica- 
tion for a tumor suppressor gene at these locations. 
In prostate cancer, LOH at chromosome 16q was a 
frequent (30%) event [89]. LOH at 16q was found 
also in 3 out of 25 tumors from the neurectoderm 
[90], whereas in breast cancer, allele loss on 16q 
correlated positively with lymph node metastases 
[91]. In hepatocellular carcinomas, a tumor sup- 
pressor gene has been localised on chromosome 
16q22.1 to 16q23.2, i.e., the region where the E- 
cadherin gene is located [92]. The late loss of this 
allele during hepatocarcinogenesis is consistent 
with an invasion suppressor role of E-cadherin in 
these tumors. In 20 % of sporadic Wilms' tumors 
(WT), Huff et al. [93] did find LOH at 16q13- 
16@2 that did not seggregate in WT families but 
was tentatively implicated in tumor progression 
[94]. 

DNA sequences sensitive to tissue specific 
regulatory elements have been identified in the 
E-cadherin promoter [76]; in a CAT (Chloram- 
phenicol Acetyl Transferase) reporter assay, these 
sequences were found to be highly active in dif- 
ferentiated breast carcinoma cells but silent in 
undifferentiated carcinoma cells. Genomic alter- 
ations in tumor cells are rarely unique. They are 
usually associated with multiple changes of the 
same or of other chromosomes. This makes it 
difficult to establish causal relationships between 
chromosomal changes and tumor phenotypes; it 
has even been proposed that the accumulation 
of allelic deletions is more important than the 

order in which they occur [56]. Dominant mutants 
lacking E-cadherin expression but not showing 
gross defects in the E-cadherin gene have been 
derived from compaction-competent embryonal 
carcinoma cell lines [95]. These mutants have lost 
compaction-competence and may be useful tools 
to study developmentally regulated expression of 
cadherin by trans-acting factors. 

Transcriptional downregulation of E-cadherin 
has been documented in several cases. Such a 
downregulation coincided with fusion of human 
cytotrophoblast in vitro, as evident from Northern 
blots [69]. 

In the mouse skin tumors, described by Rug- 
geri et al. [72], mRNA levels were in line with 
immunohistochemical signals. In higher grade 
squamous cell carcinomas of the mouse skin 
the E-cadherin mRNA level was marginal or 
undetectable. Downregulation of exogenous E- 
cadherin was shown to occur also at the transcrip- 
tional level [86]. Transfection with E-cadherin 
cDNA of mouse MO4 cells from mesenchymal 
origin resulted in the isolation of MO4 cells, that 
did express exogenous E-cadherin at their surface. 
These transfectants, in contrast with their parental 
cells, showed Ca2+-dependent fast aggregation 
and failed to invade into collagen type 1. When 
such E-cadherin-positive MO4 cells were inject- 
ed into syngeneic mice, they produced invasive 
and metastatic tumors in which no E-cadherin- 
positive cells could be detected by immunohis- 
tochemistry. Northern blotting revealed levels of 
E-cadherin mRNA that were 10 times lower in the 
tumors than in the cells that were injected. Ex vivo 
culture of these tumors led to rapid re-expression 
of E-cadherin, indicating downregulation of E- 
cadherin at the transcriptional level under the 
influence of host factors. Temporary downregula- 
tion of E-cadherin in invasive rat prostate cancers 
with re-expression in some parts of the metas- 
tases occurred also at the transcriptional level as 
evidenced by Northern blot analysis [96]. The sit- 
uation in human cancers as revealed by in situ 
hybridization is summarized in Table 1. 

Posttranslational modulation of E-cadherin, 
with or without alteration of the immunosignal, is 
an alternative to transcriptional regulation and can 
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Fig. Z Photomicrographs of paraffin sections from a larger (a to c) and a smaller (d to f) metastasis (asterisks) in the lungs of 
a nude mouse bearing a subcutaneous tumor after injection of MDCK cells from an in vitro culture that was homogeneously 
positive for E-cadherin; consecutive sections were stained with hematoxylin and eosin (a and d), with an antibody against 
MDCK ceils (b and e), and with antibody o~-UMT [47] against E-cadherin (c and f); arrowheads point to E-cadherin staining of 
bronchioli. Scale bars = 100 t~m. 
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bzg. ~','. Double immunostainings of human MCF-7/AZ (a and b) and MCF-7/6 (c and d) mammary cancer cells in culture 
with anti*E-cadherin (a) or anti-tubulin (b) antibodies, and with anti-E-cadherin (c) or anti-phosphotyrosine (d) antibodies; note 
that microtubules terminate at the plasma membrane mainly in E-cadherin-negative areas and that E-cadherin colocalizes with 
phosphotyrosine at the cell-cell border. Scale bars = 20 t~m. 

occur at various levels (see Fig. 3). Protein degra- 
dation is one possibility. During the early phase 
of polarity development in dog kidney MDCK 
cells spatial restriction of desmoglein-I and of E- 
cadherin is not due to selective routing of these 
molecules to the lateral surface but to their rapid 
removal from the apical cell surface by internali- 
sation and subsequent degradation [97]. Complex 
formation with other proteins (other E-cadherins 
and catenin/actin complexes) at sites of cell-cell 
contact would prevent such rapid degradation. For 
N-cadherin it was demonstrated that its loss from 
the developing retina was inhibited in vitro by the 
metalloprotease inhibitor 1,10 phenantroline [98]. 

Since E-cadherin is a glycoprotein of the com- 
plex type, glycosylation may well be a way of fine 
tuning. Experiments with tunicamycin-treated 
MDCK cells have led to the conclusion that core 
or complex carbohydrates are not required for pro- 

cessing and transport to the surface of E-cadherin 
[33]. The role of the carbohydrate residues in the 
homophilic adhesion or the signalling function of 
E-cadherin largely remains to be explored. 

Ca 2+ ions are needed for the stabilization 
of cadherins and for their correct assembly into 
adherens junction complexes. Since extracellular 
Ca 2+ levels are known to vary within tissues, this 
provides another possible mechanism of regula- 
tion of cadherin [34]. 

Lack of binding to catenins results in loss of 
the cell-cell adhesion function of E-cadherin [37, 
99, 88]. Recent work with Xenopus embryos indi- 
cated that the cytoplasmic domains of different 
cadherins may compete for binding to catenins 
[100]. During early cleavage in Xenopus, the ani- 
mal pole ectoderm produces epidermal epitheli- 
um and neuroepithelium expressing E-cadherin 
and N-cadherin, respectively [101-106]. Injec- 



tion of large amounts of N-cadherin RNA into 
the animal pole caused loss of cell-cell adhesion 
suggesting that N-cadherin disturbed the func- 
tion of E-cadherin [107]. The same result was 
obtained with a mutant form of N-cadherin, des- 
ignated N-CadAE, that contained a signal pep- 
tide, the transmembrane and the intracellular 
domain but completely lacked the extracellular 
part of the molecule. Inhibition of cell-cell adhe- 
sion in Xenopus ectoderm both in the embryo 
and in vitro was explained through competition 
between E-cadherin and N-CadAE for binding 
to catenins. Such competition may regulate cell- 
cell adhesion in tissues that transiently express 
different types of cadherin during morphogene- 
sis. Human lung carcinoma PC9 cells, express- 
ing E-cadherin all around their surface and /3- 
catenin in their cytoplasm but neither c~E-catenin 
nor oeN-catenin, grew as isolated cells suggest- 
ing deficient E-cadherin function [108]. After 
transfection with ctN-cadherin cDNA these cells 
formed aggregates showing epithelial and some- 
times also cystic organisation. The authors con- 
cluded that o:-catenin was crucial not only for 
E-cadherin-mediated cell-cell adhesion but also 
for the organisation of multicellular structures. 
How the E-cadherin/catenin complex fulfils this 
task is hardly understood. Immunocytochemistry 
and immunodetection on Western blots from total 
extracts of PC9 cells were negative for c~-catenin, 
whereas Northern blots showed a low c~-catenin- 
specific signal at the level of a smaller-than- 
normal mRNA fragment [43]. Southern analysis 
with a cDNA probe covering the entire open read- 
ing frame suggested an homozygous deletion of 
part of the c~-catenin gene. The authors mentioned 
data in preparation showing that in E-cadherin- 
positive, yet aggressive, stomach cancers with 
'scattered phenotype' oz-catenin is lacking. 

The carboxyterminal half of the cytoplasmic 
domain of E-cadherin is essential for catenin bind- 
ing and carries multiple putative phosphorylation 
sites. The dynamic balance between phosphory- 
lation and dephosphorylation of tyrosine or thre- 
onine/serine residues provides an interesting tool 
for functional regulation and this is sustained by 
experimental observations. Protein kinase C has 
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been found to trigger premature compaction of 
mouse embryos [34] and there are indications 
that increased tyrosine phosphorylation direct- 
ly or indirectly prevents formation of adherence 
junctions [109]. Although these observations sug- 
gest an implication of E-cadherin, direct evi- 
dence for functional regulation of E-cadherin via 

phosphorylation has been provided only recent- 
ly. Madin-Darby canine kidney (MDCK) epithe- 
lial cells transformed with a temperature-sensitive 
mutant of v-src exhibit an epithelial morpho- 
type at the nonpermissive temperature (40 °C) 
[110]. After culture at the permissive temper- 
ature (35 °C) pp60 s'c is active, cell-cell con- 
tact and transepithelial electrical resistance are 
lost and cells become invasive into collagen gel 
and into chick heart in vitro. These effects were 
linked to an increase in tyrosine phosphorylation 
of E-cadherin and in particular of/3-catenin. The 
role of tyrosine phosphorylation is confirmed by 
the observation that a potent inhibitor of tyro- 
sine kinases, namely herbimycin A prevents the 
morphotypic transformation (Fig. 9) and inhibits 
invasion at permissive temperature (unpublished 
observations in collaboration with L. Vakaet, Jr). 
A novel tyrosine kinase substrate, implicated in 
cell transformation by p60 v-src, was shown to 
contain repeated segments that occur also in the 
protein encoded by the (40 °C) armadillo gene 
of Drosophila and in its homologues plakoglobin 
and i3-catenin [111]. Rat cells transformed with 
v-src were unable to retain stable cell-cell asso- 
ciation despite the expression of endogenous P- 
cadherin and exogenous E-cadherin [44]. In such 
cells tyrosine phosphorylation ofa 89-kDa catenin 
(presumably ,~-catenin) and also to a lower extent 
of cadherin perturbed cadherin function. In chick 
embryo ceils transformed with temperature sen- 
sitive mutants or with non-myristylation mutants 
of v-src tyrosine phosphorylation of N-cadherin 
and catenin suppressed cell-cell adhesion in a 
transformation-specific way [45]. Treatment of 
v-src-transformed cells with herbimycin A inhib- 
ited phosphorylation of cadherin and catenins and 
concomitantly led to recovery of aggregation- 
competence to the level of untransformed cells. 
The src oncogene product pp60 s~c not only influ- 
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ences cell-cell adhesion but is also implicated in 
cell substrate adhesion e.g., through interaction 
with the focal-adhesion-associated protein kinase 
pp125 yAK [112]. 

Regulators of E-cadherin expression and fimction 

We have only started to learn something about the 
environmental factors that influence the expres- 
sion and function of E-cadherin at the various 
levels discussed above. Our in vivo experiments 
with E-cadherin-positive cells [85] demonstrate 
an easy way to establish a micro-ecosytem for 
downregulation, but the elements seem to be mul- 
tiple and poorly defined. Downregulatory factors 
meeting stringent criteria could not be identi- 
fied, so far. Conditioned medium from a human 
skin cancer cell line caused scattering of MCF- 
7 cells and interfered with their Ca2+-dependent 
fast aggregation (unpublished results in collabo- 
ration with T. Boterberg). Candidate factors are 
IL-1 (our unpublished results) and TGF-3 [61, 
both of which induce some changes in the dis- 
tribution of E-cadherin in some types of cells 
in culture. NBT-II rat bladder cells, treated with 
acidic fibroblast growth factor (aFGF) underwent 
an epithelioid-to-fusiform (e-to-f) transformation 
with redistribution of E-cadherin over the entire 
cell surface [I 13]. However, the authors think that 
the scattering activity of aFGF is not mediated by 
direct modulation of E-cadherin. 

Cadmium at non-toxic concentrations decrea- 
sed the amount of surface exposed E-cadherin and 
reduced the transepithelial electrical resistance in 
epithelial cells in culture, possibly by interacting 
with the Ca2+-binding domains [114]. Although 
cadmium is an improbable candidate for inducing 
in vivo loss of E-cadherin function, this observa- 
tion points again to the importance of the Ca 2+- 
binding domains. Finally, insulin has been found 
to enhance downregulation (mRNA level) of N- 
cadherin during development of the retina [98]. 

What about structurally or functionally upreg- 
ulating factors? In the rat epididymis, mainte- 
nance of E-cadherin mRNA levels depends on 
testosteron as evident from orchiectomy followed 
or not by replacement with testosterone [115]. A 

hormonal regulation of E-cadherin has recently 
been found by us with a cell line that was E- 
cadherin-positive, yet scored negative in the func- 
tional assays (unpublished results). A remarkable 
example was found in the MCF-7 human breast 
cancer cell family, where we have at our disposal 
closely related variants (Fig. 10) that show dis- 
crete differences in phenotypes of interest. One 
of the rare invasive variants, coined MCF-7/6 
[116], appeared to be E-cadherin-positive upon 
immunostaining of cells in culture with mono- 
clonal antibody MLCA (Euro-Diagnostics, Apel- 
doom, The Netherlands). Flow cytometry demon- 
strated the presence of E-cadherin on the cell sur- 
face (Fig. 1 la). Western blots of total MCF-7/6 
cell extracts with different monoclonal antibod- 
ies against human E-cadherin, revealed a 120- 
kDa band, which corresponds to the human E- 
cadherin molecule (Fig. 1 lb). When islands of 
MCF-7/6 cells, cultured on glass, were stained 
immunocytochemically with a monoclonal anti- 
body against E-cadherin, a typical honeycomb 
pattern was revealed, showing expression of E- 
cadherin at cell-cell contact sites (Fig. 11 c). More- 
over, E-cadherin was demonstrated in cryosec- 
tions from chick heart with a positive signal at 
the surface of MCF-7 cells, even in the case of 
cells that had invaded the host tissue. We won- 
dered why E-cadherin was unable to exert its 
invasion-suppressor role in MCF-7/6 cells with- 
in the chick heart organ culture micro-ecosystem. 
Therefore, we tried to make E-cadherin function- 
al by adding a number of external factors to the 
culture medium. Since the organ culture assay 
takes too much time for screening purposes, the 
aggregation assays were used for this purpose (see 
Fig. 4). MCF-7/6 cells showed little tendency 
to aggregate. Insulin-like growth factor-I (IGF- 
I) clearly increased aggregation and this effect 
was mimicked by high doses (1 #g/ml) of insulin, 
but not by IGF-II (up to 0.5 #g/ml) or by EGF 
(100 ng/ml). The IGF-I effect on aggregation is 
receptor-dependent since it is counteracted by the 
IGF-I-specific monoclonal antibody MR3. This is 
in line with our observations that IGF-I-induced 
fast aggregation is inhibited by several tyrosine 
kinase inhibitors (our unpublished results). The E- 
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Fig. 9. Morphotype of MDCK cells transformed by a temperature sensitive mutant of v-src in culture on solid substrate at the 
transformation-permissive temperature of 34 °C without (a) and with (b) herbimycin A at 0.01 ~Lg/ml; scale bars = 20 #m (from 
unpublished results in collaboration with L. Vakaet Jr). 
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Fig. 10. Close relationship between noninvasive (MCF-7/AZ) and invasive (MCF-7/6) cells as evident from the distribution 
of total cell proteins after two-dimensional separation in accordance with the method of O'Farrell [119]. Equal amounts of 
proteins in lysis buffer were applied to isoelectric focusing gels (pH 3 to 8). 10% slab gels were used for SDS PAGE in the 
second dimension. The gets were silver-stained in accordance with Heukeshoven and Dernick [120]. 

cadher in-dependence of  the reaction was demon-  

strated by inhibition with a monoclonal  antibody 
specific for E-cadherin. IGF-I- induced fast aggre- 

gation was not dependent  upon de n o v o  protein 
synthesis as evident  f rom treatment with cyclo- 
heximide.  Remarkably,  invasion of  MCF-7 cells 
into chick heart  was inhibited by addition of IGF- 

I to the culture med ium and this effect was also 
neutralized by the IGF-I  receptor-specific o~IR3 

antibody. We are currently investigating the rela- 

tionship between the tyrosine kinase receptor  for 

IGF-I  and the E-cadherin/catenin/actin complex.  
It also remains to be explained how our data on 

anti-invasiveness of  IGF-I  fit with the role of  this 
molecule as a positive growth factor and as a 
marker  of  poor  prognosis in human  breast  can- 

cer [1 17]. One general point to recall here is that 
most  growth factors are multifunctional in a cell 
type-defined way [12]. So, IGF- I  has been shown 
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Fig. ll. Characterization of MCF-7/6 cells. Expression of E-cadherin is shown by (a) flow cytometry (first peak shows 
omission of primary antibody), by (b) Western blotting and by (c) immunocytochemistry; the primary monoclonal antibody 
used is HECD-1. Expression of the I-plus phenotype in organotypic culture with embryonic chick heart; the culture was fixed 
after 8 days and paraffin sections were stained with H & E (d) or with an antiserum against chick heart (e); arrowhead shows 
remnants of heart tissue. Scale bars = 50 mm. 

to promote differentiation of human colon carci- 
noma cells in vitro [118]. 

Conclusion 

Metastasis determines cancer malignancy. Neo- 
plastic cells metastasize through a multistep pro- 
cess of  invasion. At each step, these cells create a 
dynamic micro-ecosystem in which the elements 
of the host are considered to paricipate actively 
invasion. Within such micro-ecosystems, inva- 
sion is believed to be governed by a balance 
between the activation of promoter  (/-minus) and 
suppressor (/-plus) genes. Products of  such genes 

regulate the expression of the invasive (I-plus) 
and the noninvasive (I-minus) phenotypes.  Exper- 
iments in vitro and in vivo, as well as observa- 
tions on human cancers have put forward the cell- 
cell adhesion molecule E-cadherin (L-CAM; uvo- 
morulin) as a regulator of epithelial organization 
and an invasion suppressor. 
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