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We show in this study that cadherin ligands, either soluble or immobilized on different
surfaces, can bind to cells carrying a compatible cadherin and induce long-range signals
which affect cell adhesion and dynamics. Addition of recombinant N-cadherin
extracellular domain (NEC) to CHO cells expressing N-cadherin (FL4) greatly enhanced
the calcium-dependent aggregation of the cells and blocked their migration into an
“in vitro wound”. Monoclonal antibody which blocks cadherin interactions inhibited the
aggregation of suspended FL4 cells and facilitated the “wound closure”. As previously
shown (Levenberg et al., 1998) synthetic beads coupled to NEC interacted specifically
with the surface of FL4 cells and significantly enhanced the formation of adherens
junctions. This effect was obtained also with the parental CHO cells, which contain low
levels of N-cadherin, and in additional N-cadherin expressing cells such as cultured
myoblasts. We further show here that stimulation of adhesion is not affected by the
geometry of the NEC-bound surface and that cells plated on flat NEC-coated substratum
also develop enhanced adherens junctions. Interaction of cells expressing low levels of
endogenous N-cadherin, such as CHO cells with surface-immobilized N-cadherin ligands
had a prominent effect also on the total level of N-cadherin and p-catenin in the cells,
probably due to stabilization of the cadherin-catenin complex by the interaction with the
external surface.
Ke.vword.7: Cadherin, cell adhesion, cytoskeleton. signaling

INTRODUCTION

proteins” which link the cytoskeleton to the
membrane (Geiger et al., 1995). These adhesion
systems are essential for the assembly of single cells
into multi-cellular organisms, and their spatiotemporally regulated expression plays a central role
in embryonic development and tissue morphogenesis (Gumbiner, 1996; Hynes, 1996). Recently it has

Cell adhesion to neighboring cells and to the
extracellular matrix (ECM) is mediated via highly
specialized supramolecular complexes consisting of
transmembrane adhesion receptors, cytoskeletal
filaments and meshworks of specific “anchor
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become apparent that adhesion sites can also
function as transmembrane signaling structures
which affect diverse processes including growth
regulation, differentiation, locomotion and apoptosis (Klimkovsky and Parr, 1995; Giancotti, 1997).
Interactions with the ECM occur through members of the integrin family of adhesion receptors,
which also interact, across the membrane, with
several anchor proteins, and through them with the
actin-containing microfilament system (Yamada
and Geiger, 1997). In addition to these “structural”
proteins, ECM adhesion sites such as focal contacts
host a large variety of signal transduction molecules
including different kinases and phosphotases, their
substrates and adaptor proteins (Miyamoto et al.,
1995). The assembly of these molecules at the
cytoplasmic aspects of the adhesion sites and their
activation is believed to trigger long range signaling
events (Giancotti, 1997; Schwartz, 1997).
Cell-cell adherens-type junctions (AJ) also contain, besides the adhesion receptors (cadherins), a
large number of anchor and cytoskeletal proteins,
some of which are also present in ECM adhesions
while others are located in these sites exclusively
(Geiger et al., 1995). AJ were shown to be major
targets for tyrosine specific protein phosphorylation (Volberg et al., 1992; Behrens et al., 1993) and
to be associated with several cytoplasmic kinases
and receptor tyrosine kinases (Ben-Ze’ev and
Bershadsky, 1997).
To directly explore the process of cadherinmediated signaling, we have recently developed a
novel approach for studying N-cadherin-mediated
signaling using synthetic beads coated with the
ectodomain of the same cadherin which contains
the homophilic binding site. In a previous study we
have shown that binding of cadherin-reactive beads
to the cell surface was followed by active engulfment of the beads by the cells and induced a global
enhancement of cell-cell adhesion throughout the
cells. Interestingly, fibronectin-coated beads, which
interact with integrins strongly stimulated the
formation of focal contacts. These effects, induced
by cadherin- and integrin-ligands on adherens
junctions and focal contacts respectively, depend

on tyrosine phosphorylation of the respective sites,
and can be blocked by tyrosine kinase inhibitors
(Levenberg et al., 1998). This study highlighted
several questions concerning the mechanism of
cadherin-mediated signaling, including the differences between the effects induced by soluble and
insoluble cadherin ligands, the generality of the
“autoregulatory” effect and the significance of the
post-binding endocytosis of the cadherin-reactive
beads for stimulation.
In the present study we show that soluble recombinant NEC enhances intercellular aggregation
and blocks migration of N-cadherin-expressing
cells, though it does not dramatically alter existing
adherens junctions as insoluble NEC does. We also
demonstrate that cadherin-reactive beads can promote adhesion by a variety of cell types, including
myoblasts. Plating of cells on cadherin-conjugated
flat substrate enhanced the formation of cell-cell
adherens junctions and even induced increased
levels of both cadherins and 0-catenin.
MATERIALS AND METHODS

Cells
Chinese hamster ovary (CHO) cells were obtained
from the American Type Culture Collection
(Rockville, MD, USA). These cells were transfected
with cDNA encoding chicken N-cadherin (kindly
provided by M. Takeichi, Kyoto University) and
subcloned into the pECE eukaryotic expression
vector (Ellis et al., 1986). Of the various stable
CHO-N-cadherin clones generated, we have used
here one line (FL4) expressing relatively high levels
of N-cadherin (Geiger et al., 1992). CHO and FL4
cells were maintained in Dulbecco’s Modified Eagle
Medium (DMEM) containing 10% fetal calf serum
(Bio-Labs., Israel). C2 myoblasts were obtained
from D. Yaffe (Weizmann Institute of Science,
Israel) and maintained in DMEM (4500mg/l
glucose) containing 20% fetal calf serum, and
antibiotics. Cells were cultured at 37°C in a
humidified incubator under an atmosphere of 5%
C 0 2 and 95% air.
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Preparation of Cadherin- and
Integrin-Reactive Beads
Polybead amino microspheres (mean diameter
6 pm, Polysciences, Inc., Warrington, PA), were
coated with either recombinant NEC (Levenberg
et ul., 1998), purified monoclonal anti-N-cadherin
(BE) antibodies (Volk and Geiger, 1986), or ConA
(Worthington Biochemical, USA), by washing 10’
beads with PBS at pH 7.4, incubating with 8%
glutaraldehyde for 16 h with gentle mixing, washing
with PBS followed by incubation with 500 pg/ml of
the ligand for 5 h. The beads were then incubated
with 0.5 M ethanolamine in PBS for 30 min followed by incubation with 10 mg/ml BSA for 30 niin
and resuspended in a storage buffer containing
lOmg/ml BSA, 0.1% NaN3 and 5% glycerol in
PBS, pH 7.4.

Immunochemical Reagents and Procedures
Cells cultured on glass coverslips were fixed/
permeabilized in a solution containing 0.5%
Triton X-100 and 3% paraformaldehyde in PBS
for 3 min, postfixed with 3 % paraformaldehyde
for 20 min and stained with the various antibodies.
The antibodies used in this study included:
Pan-cadherin antibody (CH19), anti-a-actinin
(BM-75.2) and anti-human vinculin, all from
Sigma Chemical Co. (St. Louis, USA). Anti-tensin
was from Transduction Laboratories (Lexington,
KY), and monoclonal anti-p-catenin (94.5)
from Dr. M. Wheelock (Dept. of Biology, University of Toledo, OH). The secondary antibodies
were rhodamine-labeled goat anti-mouse IgG
(Jackson Immuno-Research Labs., Inc., WestGroove, PA, USA). The cells were indirectly
immunolabeled and mounted in Elvanol (Mowiol
4-88, Hoechst, Germany) on glass slides and
examined using Axiophot fluorescence microscope
(Zeiss, Oberkochen, Germany). For immunoblotting cells were extracted using Lamelli sample
buffer. Equal aliquots of protein extracts were
resolved by 7.5% or 10% SDS PAGE. Blots were
incubated with the primary antibodies followed by

163

secondary antibodies conjugated to horseradish
peroxidase using ECL technique (Amersham, Little
Shalfont, England).

Northern Blotting
Total RNA was extracted using RNazol B (TelTest, Inc., Friendswood, TX, USA) and resolved on
1 % agarose/formaldehyde gel. The blot was hybridized to N-cadherin-specific probe labeled with
32[P]dCTP.
Cell Aggregation Assay
Ca2+ dependent cell aggregation assay was done as
described (Nagafuchi et ul., 1987). Briefly. cells
were dissociated by treatment with 0.01 YOtrypsin
in the presence of 1 mM Ca2+ leaving N-cadherin
largely intact, and were allowed to aggregate for
45min at 37°C o n a horizontal shaker in the
presence or absence of 0.2mg/ml NEC or anti
N-cadherin antibodies BE or the inhibitory antibodies FA-5 (Volk and Geiger, 1986).

In Vitvo Wound Closure
CHO and FL4 cells were cultured to confluence in
24-well plates. A “wound” was introduced into the
monolayers with a sharp 1 mm plastic scriber. The
medium was changed and the cultures were
incubated with the various cadherin ligands including the inhibitory FA5 antibodies or NEC peptide
0.2 mg/ml each. After 7 and 24 h, cells were fixed
and stained with Giemsa.
Scanning Electron Microscopy
Cells were cultured on glass coverslips for 24 h, and
then beads were added for 4 h. The cells were fixed
for 1 h with Karnovsky’s fixative ( 3 % paraformaldehyde, 2% glutaraldehyde, 5 mM CaC12 in 0.1 M
cacodylate buffer pH 7.4 containing 0. I M sucrose),
rinsed and postfixed for 1 h with 1% osmium
tetroxide in 0.1 M cacodylate buffer followed by
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incubation with 1YOtannic acid in water and then
with 1% uranyl acetate in water. The slides were
rinsed, dehydrated with a graded ethanol series,
critically -point dried (Pelco CPD2) and sputter
coated with gold (S150 Edwards, USA). The specimens were examined at an accelerating voltage of
20-25kV using a JEOL GMC 6400 scanning
electron microscope.
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Transmission Electron Microscopy

Cells were seeded on 35 mm Falcon dishes, for 24 h
and then beads were added for 48 h. The cells were
fixed in Karnovsky’s fixative, postfixed with 1%
osmium tetroxide, 0.5% potassium dichromate
and 0.5% potassium hexacyanoferrate in 0.1 M
cacodylate buffer. The cells were stained en bloc
with 2% aqueous uranyl acetate, followed by
ethanol dehydration and embedding in Epon 812
(Tuosimis, MD, USA). Sections were cut using
diamond knife (Diatome, Biel, Switzerland) and
examined using a Philips CM- 12 transmission
electron microscope at an accelerating voltage of
100 kV.

endogenous cadherin, present in CHO cells we have
further cloned a single cadherin from these cells,
using an RT-PCR approach. This novel cadherin
was identified as hamster N-cadherin, due to its
close homology to human, mouse and chicken
N-cadherin (accession no AJ003 143).
Transfection of CHO cells with the chicken
N-cadherin and neoR cDNA resulted in the generation of several stably expressing clones, one of which
was used here (clone FL4). Quantitative Western
blot analysis indicated that FL4 cells express over
10 fold higher levels of N-cadherin compared to the
parental CHO cells (Fig. 2). Interestingly, the levels
of the AJ-associated molecule P-catenin also
increased in the transfected cells, in line with previous reports (Nagafuchi et al., 1991; Kowalczyk
et al., 1994). This phenomenon is attributed to
stabilization and/or sequestration of P-catenin in
the cadherin-expressing cells (Papkoff, 1997). The
expression of N-cadherin also enhanced the levels
of a-catenin while the levels of other junctional
proteins such as a-actinin and tensin were not
affected (Fig. 2).
Effect of Cadherin Ligands on the
Adhesiveness of CHO-Ncad Cells

RESULTS
Effect of Cadherin Expression on
Cell Morphology, Dynamics and AJ Formation

Cultured CHO cells express low levels of endogenous cadherin (Fig. IE) and consequently form
poor and transient cell-cell adhesions (Fig. 1A and
C). Time lapse cinematography (not shown) indicated that these cells were highly motile. This
property was also manifested by the capacity of
these cells to migrate and close an “in vitro wound”,
introduced into confluent culture, within a few
hours (Fig. 4 “CHO”). A Western blot analysis,
using pan cadherin antibodies, confirmed that the
cells contain a very low level of cadherins (Fig. 2),
though Northern blots revealed significant levels of
mRNA reactive with N-cadherin-specific 32P
labeled probe (data not shown). To identify the

We have tested 3 types of cadherin ligands for
their effect on cell-cell adhesion: the recombinant
NEC, and two anti-N-cadherin antibodies; one
with (FA-5) and the other without (BE) an
inhibitory activity on cadherin-mediated adhesion.
In a preliminary set of experiments we have added
the soluble NEC or the FA-5 antibodies to
suspended FL4 cells, either in the absence or
presence of 1mM Ca2+. As shown in Fig. 3, the
N-cadherin-expressing FL4 cells aggregated in
the presence of Ca2+ and this aggregation was
significantly augmented by the addition of the
soluble NEC or BE antibodies. FA-5 antibodies,
on the other hand inhibited these Ca2+-dependent
cell -cell adhesions.
The different cadherin ligands also affected the
adhesion and locomotory activity of matrix-adherent cells. As shown in Fig. 4 N-cadherin-expressing
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FIGURE 1 The effect of cadherin expression on cell morphology and AJ formation as visualized by scanning electron niicroscopy (A,B) and phase-contrast microscopy (C,D) of C H O (A,C.E) and FL4 cells (B,D.F). Note that the cells expressing N cadherin acquired flat epithelial morphology with extensive intercellular junctions. (E,F) Immunofluorescent localiratton of
cadherin with a monoclonal N-cadherin antibody followed by rhodamine-labeled anti-mouse IgG.

FIGURE 2 Induction of a- and 8-catenin expression in
FL4 cells followinc! transfection with N-cadherin cDNA.
Equal amount of total cell protein from C H O (C) and FL4
cells (F) were analyzed by SDS-PAGE and immunoblotted
with antibodies to N-cadherin (N-cad). cu-catenin (a-cat).
@-catenin (@at), a-actinin and tensin.
,

I

FL4 cells had a markedly reduced capacity to
migrate into an “in vitro wound” introduced to a
confluent culture, compared to the parental CHO
cells which migrated into the wound within a
few hours. Addition of NEC to the wounded
culture reduced the closure of the wound. The

inhibitory antibody
On the Other
hand,
greatly facilitated the migration on FL4 cells,
probably by loosening their interactions with the
neighboring cells.

S. LEVENBERG et al.
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FIGURE 3 Aggregation of FL4 cells induced by N-cadherin
ligands. FL4 cells were allowed to aggregate for 45 min in the
presence (right) or absence (left) of 1 mM Ca2+. The cadherin
ligands included recombinant NEC (C,D), BE antibodies
(E,F), or FA-5 inhibitory antibodies (G,H). Aggregation of
control FL4 cells, without addition of any soluble ligand is
shown in A and B.

Effect of Immobilized Cadherin Ligands on the
Levels and Organization of Junctional Proteins
To specifically induce cadherin signals we have
covalently conjugated NEC and anti cadherin
antibodies (BE) to 6 pm beads and incubated these
beads with FL4 cells for various periods of time. As

FIGURE 4 The effect of cadherin ligands on “ i n vitro
wound” closure. CHO cells (left) and FL4 cells (right) were
cultured to confluence and a wound was introduced into the
monolayer with a sharp scribe. The medium was changed and
the cells were allowed to migrate and close the wound for 7 h
(A,B) and for 24 h (C-H), in the absence (C,D) or presence
of cadherin ligands including NEC (E,F) or FA-5 anti-Ncadherin antibodies (G,H).

previously described (Levenberg et al., 1998), the
beads interacted with the cell surface and were
apparently engulfed by the cells (Fig. 5A-C). It was
however frequently noted that the beads were not
completely endocytosed but were rather located
within deep surface pockets. To further determine
the fate of the cadherin-reactive beads we have
tested their accessibility to exogenous antibodies.
FL4 cells were incubated with the beads for 4 h after
which rhodamine-labeled anti-mouse IgG was
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FIGURE 5 The binding of the cadherin-reactive beads to
the cell surface and their fate. (A-C) Scanning electron microscopy of FL4 cells, following 4 h incubation with beads
conjugated with monoclonal anti N-cadherin antibodies (BE)
(A) with N-cadherin extracellular domain (NEC) (B). or with
coutrol ConA (C). It is noteworthy that the ConA-coated
beads were firmly but only superficially associated with the
cell surface whereas the cadherin-reactive beads were partially
engulfed by the cells. (D) Immunofluorescent staining of FL4
cells treated with beads coated with anti N-cadherin antibodies (BE). FL4 cells were seeded o n glass coverslips, and
24 h later BE-coated beads were added to the cells. Following
4 h of incubation, rhodamine-labeled anti-mouse IgG was
added to the cells for 5min and the cells were fixed with
paraformaldehyde. Examination of the samples indicate that
nearly all the beads were accessible to the antibodies.

added to the cells for 5min. As shown in Fig. 5D
most of the cell-associated beads were labeled with
the antibodies suggesting that they were largely
exposed to the cell exterior. Moreover in another
cell type such as the C2 myogenic cell line the
N-cadherin-reactive beads were associated with
the cells through ‘foot like’ structures as seen by
transmission electron microscopy (Fig. 6A). These
surface-attached beads were highly effective in
inducing cell aggregation (Fig. 6B and C) indicating
that the endocytosis is not essential for enhancement of cell adhesion and that the cadherin-reactive
beads can affect the cells when they are exposed to
the cell exterior.
As previously shown by Levenberg et al. (1998)
the binding of beads, coated with cadherin ligands
to the FL4 cells induce a generalized increase in
junctional labeling of catenin and vinculin as well as
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F I G U R E 6 The effect of cadherin-reactive beads o n the aggregation of C2 myoblasts. (A) Transmission electron microscopy of NEC-coated beads following 48 h of incubation with
the cells. Note that the bead is tightly attached to the cell
surface. (B,C) Cells were seeded overnight on glass coverslips
coated with gelatin. Following 24h of incubation with NECcoated beads or control BSA-coated beads cells were fixed
and stained with anti-cadherin antibodies. Note that the
NEC-coated beads induced considerable cell aggregation.

of cadherin and phosphotyrosine. This effect
required immobilization of the cadherin ligands to
the solid bead surface and was not observed when
the soluble ligands were added to the cells.
To further analyze the capability of the cadherinreactive beads to induce junction formation we
have used here CHO cells which form poor and
transient cell-cell adhesions. Binding of the cadherin-reactive beads to CHO cells enhanced the
formation of cell-cell adhesions with relatively high
levels of p-catenin and vinculin (Fig. 7). To further
check whether the curved surface geometry of the
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FIGURE 7 The effect of cadherin-reactive beads on the distribution and level of endogenous 0-catenin and vinculin in
CHO cells. Cells were seeded on glass coverslips, and 24h
later beads coated with NEC were added. Following 40min
of incubation at 37”C, the cells were fixed and stained with
(A) p-catenin antibodies or (B) vinculin antibodies. Note that
catenin and vinculin levels in cell-cell junctions formed by
the bead-associated cells are elevated.

A

small beads and/or their partial engulfment by
the cells were important for the augmentation of
junction formation, we have plated FL4 cells on
NEC- or ConA-coated coverslips. Staining of these
cells for vinculin indicated that the junctions which
they formed with their neighbors were significantly
enhanced compared to those formed by cells
cultured on ConA-coated surface (data not shown).
Interestingly, adhesion to NEC-coated surface had
also prominent effect on CHO cells. As pointed out
above these cells express a very low level of
endogenous N-cadherin (approximately 10 fold
lower than that of FL4 cells). Yet, Western
blot analysis indicated that upon attachment to
NEC-coated surface the levels of both cadherin and
P-catenin increased significantly (about 7 fold)
compared to the parental CHO (Fig. 8A). Since
there were no apparent changes in N-cadherin
mRNA (Fig. 8B), it appears likely that this increase
in cadherin levels is attributable to the stabilization
of this molecule, induced by the interaction with the
immobilized NEC and that this increase further
stabilizes P-catenin (see Discussion).

DISCUSSION

FIGURE 8 N-cadherin levels in CHO cells plated on
substrate-immobilized NEC. CHO cells were seeded on
NEC-coated culture plates and further cultured for 24 h.
A. Western blots showing the elevation of cadherin and
catenin levels, induced by adhesion to the NEC-coated surface. B. Northern blot analysis of total RNAs from control
and cells cultured on NEC, hybridized to N-cadherin-specific
probe. Note that there is no effect of adhesion to the NECcoated surface on the level of N-cadherin mRNA.

Adhesion-mediated signaling is a complex process,
affecting cell structure, behavior and fate. It is
generally accepted that this process is triggered by
the clustering of specific adhesion receptors,
induced by the respective ligands, present on the
ECM or on the membrane of neighboring cells. The
mechanisms responsible for this signaling are still
poorly understood, yet it appears likely that
recruitment of specific signaling enzymes, their
substrates and various additional “adapter proteins” to the submembrane plaque of these adhesion
sites play a critical role in this process. This view is
indirectly supported by immunocytochemical data,
indicating that both cell-cell and cell-ECM adhesions are associated with a large battery of such
signaling molecules (Ben-Ze’ev and Bershadsky,
1997; Levenberg et al., 1998) and that activation
of different signaling systems has major effect on
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cell adhesion (Zhang et al., 1996; Kolanus and
Sees, 1997).
To gain insight into the mechanism of adhesion
signaling (mainly cell-cell adhesion mediated by
cadherins) we have recently immobilized cadherin
ligands (NEC or N-cadherin-specific antibodies) on
synthetic beads and applied them to N-cadherinexpressing cells. Examination of the treated cells
revealed a striking and global effect of the cadherinreactive beads on junction formation. Thus, cells
associated with the cadherin-reactive beads developed cadherin- and P-catenin-rich cell-cell adhesions, while fibronectin-coated beads stimulated
focal contact formation. Both effects depended on
tyrosine phosphorylation and could be blocked by
the tyrosine kinase inhibitor, genistein (Levenberg
et al., 1998). It was concluded that the clustering of
cadherins or integrins induces “autoregulatory”
signals, stimulating the assembly of cell-cell AJ of
focal contacts, respectively. It remained, however,
unclear whether occupancy of the cadherin binding
site, cadherin clustering o r both are involved in the
observed effects on junction assembly, and to what
extent the effect is cell-type specific.
The results presented here confirm and extend
our previous observations on the effect of cadherin
ligands on junction assembly. This includes the
demonstration that immobilized NEC or anticadherin antibody enhance the formation of cellcell junctions in a variety of cell types, including
cultured myoblasts and even CHO cells, which
hardly form stable cell-cell adhesions in the
absence of external cadherin stimulation. It thus
appears that the local, but effective interactions
with surface cadherins potentiate further cadherin
interaction, and that this effect is especially pronounced in cells with a low intrinsic capacity to
form cell junctions.
Is cadherin immobilization and/or clustering
essential and/or sufficient for triggering the effect
on junction assembly? As demonstrated in this
study both NEC and the non-inhibitory antibody
(BE) increased the Ca2+-dependent aggregation of
suspended CHO/N-cadherin cells, even when
added to the cells in a soluble form, though they
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did not substantially augment junction assembly in
substrate attached cells. The mechanism underlying
this effect is not clear at this stage, and may involve
lateral cadherin clustering, which might increase the
capacity t o initiate cell-cell interactions. The other
anti-cadherin antibody (FA-5) which inhibits
cadherin-mediated interactions did not promote,
but rather inhibited cell aggregation. The mechanism responsible for the differential capacity of the
various cadherin ligands to stimulate cell-cell
aggregation is currently investigated.
Another dramatic effect of the different cadherin
ligands was on the capacity of cadherin expressing
cells to migrate into an in vitro wound. Here, again,
NEC and the non-inhibitory antibody inhibited
migration, probably by strengthening the interactions between the cells at the edge of the wound.
Antibody FA-5, on the other hand, facilitated cell
separation and wound closure. Time lapse cinematography and tracing of individual cells suggested
that the different rates of wound closure were
predominantly due to the differences in the interactions with neighboring cells rather than to
differences in their locomotory activity.
As shown here, full effect on junction assembly
was achieved when the proper cadherin ligand were
presented to the cells in an immobilized form, on the
surface of a synthetic bead. As previously shown,
the cadherin-reactive beads interacted with the cell
surface and were apparently partially engulfed by
the cells. To assess whether the specific geometry of
the beads, or their partial internalization were
crucial for the junction stimulating activity, we
have plated cells on glass substrate that was coated
with the cadherin ligands. The cells did attach to
this surface and spread on it, forming extensive
adhesions to their neighbors, similar to those
induced by the cadherin-reactive beads, indicating
that neither bead geometry nor engulfment were
important for the global junctional effect.
These experiments, however, revealed an additional interesting feature of cadherin stimulation.
When CHO cells, which express low levels on
endogenous N-cadherin were plated on the NECcoated substrate, they did not only show an
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increased tendency to form cell-cell adhesions,
but also their cadherin and catenin levels significantly increase over the low basal level. This
observation, and the fact that N-cadherin or
p-catenin mRNA levels were not affected by the
treatment, suggest that binding of surface cadherins
to their extracellular ligands might stabilize these
molecules, and the increase in their concentration
as a result of this might, in turn, stabilize also
P-catenin, and increase its cellular levels. This is in
line with the notion that cadherins play a central
role in regulating the levels of cytoplasmic catenin
(Nagafuchi et al., 1991; Kowalczyk et al., 1994).
This observation may have some interesting implications on cadherin signaling, since it has been
shown that p-catenin plays a central role in
transmembrane signaling, and the regulation of
gene expression, beyond its mechanical role in
linking the cytoskeleton to cadherins at AJ (Moon
and Miller, 1996).
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