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Proteins of the p120 family have been implicated in the
regulation of cadherin-based cell adhesion, but their relative
importance in this process and their mechanism of action
have remained less clear. Three papers in this issue suggest
that p120 plays a key role in maintaining normal levels of
cadherin in mammalian cells, and that it may do so by
regulating cadherin trafficking (Chen et al., 2003; Davis et
al., 2003; Xiao et al., 2003).

 

To assemble into organized tissues, cells must interact with
one another and with the extracellular matrix. Cell–cell
adhesion is initiated and maintained by adherens junctions
(for review see Angst et al., 2001). Within these junc-
tions, transmembrane cadherins bind homophilically to join
neighboring cells (Fig. 1 A). The distal portion of the
cadherin cytoplasmic tail binds 

 

�

 

-catenin, which in turn
recruits 

 

�

 

-catenin, and thereby links the adhesive complex
to the actin cytoskeleton. These three proteins are core
components of adherens junctions: each is essential for cell
adhesion and for tissue architecture. This view of the junction is
static, but in reality cell adhesion is carefully and continuously
adjusted. Changes in adhesion and in the connection of
cadherins to the actin cytoskeleton allow cells to carry out the
complex events of embryonic development, tissue remodeling,
and wound repair. In fact, even cultured epithelial cells turn
over junctional proteins with a half-life of about 5 h (Shore
and Nelson, 1991), and this must be balanced with the
assembly of new proteins into the junction. The mechan-
isms by which adhesion and cytoskeletal connections are
regulated remain largely mysterious.

One candidate regulator of adhesion is p120, the founding
member of the p120 protein family (for review see Anastasiadis
and Reynolds, 2000). p120 was initially identified as a sub-
strate of the oncogenic nonreceptor tyrosine kinase Src. Src
activation triggers extensive changes in cell–cell and cell–matrix
adhesion, and p120 was considered a possible mediator of

some of these effects. p120 is also a target of receptor tyrosine
kinases. p120 is a distant relative of 

 

�

 

-catenin, sharing with
it a set of protein–protein interaction motifs known as Arm
repeats. Like 

 

�

 

-catenin, p120 binds to the cytoplasmic tail
of all classic cadherins, but p120 binds to the juxtamem-
brane (JM) rather than the distal region where 

 

�

 

-catenin
binds (Fig. 1 A).

Indirect evidence for a role of p120 in adhesion regulation
came from a series of studies examining the role of the JM
region of the cadherin tail. All of these studies suggested that
the JM region plays an important role, but the nature of this
role differed between the different studies. For example,
Ozawa and Kemler (1998) found that deletion of the JM
domain restored adhesion to a partially disabled cadherin,
implying that it negatively regulated adhesion. They sug-
gested it might do so by regulating cadherin dimerization. In
contrast, Yap et al. (1998) found that the JM region was
essential for strong adhesion of cells to cadherin-coated sub-
strates, suggesting that it plays a positive role in adhesion.
They hypothesized that the JM domain might regulate
cadherin clustering. These contradictory effects on adhesion
were surprising, but might be rationalized if, for example,
binding of p120 to the JM region had different effects on
adhesion that depend on distinct p120 phosphorylation
states in different cell types. However, since these and similar
studies manipulated the cadherin JM domain, they did not
directly implicate p120. Other molecules (e.g., the presenilin
transmembrane proteases and the ubiquitin ligase Hakai)
also bind to the JM region, so a more direct test of p120’s
role was needed.

The first direct test of p120 function in adhesion was pub-
lished here last year by the Reynolds laboratory (Ireton et al.,
2002). Genetic analysis of the mammalian p120 family is
complicated by the presence of four closely related family
members: p120, ARVCF, 

 

�

 

-catenin, and p0071 (for review
see Anastasiadis and Reynolds, 2000). However, these differ
in their tissue distribution, encouraging the Reynolds group
to look for a cell line lacking p120 expression. After an
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extensive search, they found a tumor cell line that had little
or no detectable wild-type p120 (Ireton et al., 2002). Unlike
most other epithelial cell lines, these “

 

p120

 

 mutant” cells no
longer formed compact adherent colonies, although cell in-
teractions were not completely abolished. This cell line also
had much lower levels of E-cadherin than most epithelial
cell lines. Both cell adhesion and cadherin levels were re-
verted back to normal by transfection of wild-type 

 

p120

 

.
These data strongly suggest that p120 promotes cell adhe-
sion by potentiating cadherin levels or activity in some way.
However, the adhesive phenotype of the 

 

p120

 

 mutant cell
line also could be rescued by overexpression of either wild-
type E-cadherin or of an E-cadherin that has a mutation in
the p120-binding site, suggesting that E-cadherin retains re-
sidual function in the absence of p120, if it can be expressed
at reasonable levels.

Next, two studies were published that examined the role
of p120 and the JM region of E-cadherin in 

 

Drosophila

 

. Ge-
netic analysis of 

 

p120

 

 in flies is simplified by the fact that
there is only a single p120 family member. Myster et al.
(2003) generated null mutations in it, and examined the
mutant phenotype. To their surprise, animals completely
lacking the single p120 family member were viable and fer-
tile, and showed no diminution in the levels of E-cadherin

or other junctional proteins. However, fly p120 does posi-
tively promote cell adhesion, as mutations in 

 

p120

 

 strongly
enhance the effects of reducing the dose of E-cadherin. In
parallel work, Pacquelet et al. (2003) showed that mutating
the p120 binding site on the JM domain of 

 

Drosophila

 

E-cadherin had no discernable effect on its function, as the
mutant version rescued animals lacking endogenous E-cad-
herin. These data suggest that, in 

 

Drosophila 

 

at least, p120 is
not a core component of the adherens junction, but rather
acts as a positive regulator of adhesion. A test of 

 

p120

 

 func-
tion in the nematode 

 

C. elegans

 

 using RNA interference
came to a similar conclusion—knockdown of the single
p120 family member had no effect in a wild-type animal,
but p120 knockdown enhanced the phenotype of a weak
mutation in 

 

�

 

-catenin

 

 (Pettitt et al., 2003). These data are
consistent with the work of Ireton et al. (2002), but suggest
that in 

 

Drosophila

 

 and 

 

C. elegans

 

 the role of p120 may not be
as critical as it is in mammalian cells, perhaps because other
proteins work by parallel mechanisms to regulate adhesion.

These studies set the stage for the three papers in this is-
sue. They ask two important questions: (1) does p120 play a
critical and general role in cell adhesion and cadherin regula-
tion in mammalian cells, and (2) by what mechanism(s)
does it regulate cadherin function? Although the data of Ire-
ton et al. (2002) suggested that p120 might regulate E-cad-
herin levels, these findings were confined to a single cell line,
and that was a tumor cell line that also has a 

 

�

 

-catenin

 

 muta-
tion. Both Davis et al. (2003) and Xiao et al. (2003) extend
and test the generality of this observation by using small in-
terfering RNAs (siRNAs) to knockdown p120 expression in
other cell lines. Davis et al. (2003) examined several cell
lines with similar results: reduction in p120 levels led to a
strong reduction in steady-state cadherin levels, associated
with loss of cell–cell adhesion. Further, they found that
these effects were not specific for E-cadherin—p120 knock-
down also destabilized VE-cadherin and N-cadherin. Simi-
lar effects on VE-cadherin were seen by Xiao et al. (2003).
Interestingly, expression of the classic cadherin-binding
p120 family members 

 

�

 

-catenin and ARVCF (but not the
more distant desmosomal relative plakophilin 3) could also
rescue cadherin stability, implying that the p120 family
members may all share this function. Both groups also
found that as they added back more and more p120, the lev-
els of cadherin rose in parallel, suggesting that p120 acts as a
rheostat to regulate cadherin levels. Together, these data per-
suasively argue that in mammalian cells p120 is critical to
maintain steady-state cadherin levels and thus support cell
adhesion, an influence that extends across classical cadherins
and cell types.

How then might p120 regulate cadherin accumulation at
the cell surface? The reports in this issue suggest that p120 is
an important regulator of cadherin trafficking. As is the case
with other transmembrane proteins, the synthesis, recycling

 

,

 

and degradation of cadherins are linked by a complex mesh-
work of intracellular trafficking pathways (Fig. 1 B). Newly
synthesized cadherins are transported from the Golgi appa-
ratus to the plasma membrane via a pathway that involves
targeting information in the cadherin cytoplasmic tail (Mi-
randa et al., 2001) and requires association with 

 

�

 

-cate-
nin (Chen et al., 1999). Surface cadherins are eventually en-

Figure 1. The cellular itinerary and fate of classical cadherins. 
(A) Adherens junctions are assembled around classic cadherins. 
Their extracellular domains mediate homophilic cell–cell adhesion. 
The distal regions of their cytoplasmic tails bind �-catenin, which 
in turn binds �-catenin. � -catenin links the junction to the actin 
cytoskeleton via direct and indirect interactions. The juxtamembrane 
domain of the cadherin cytoplasmic tail binds proteins of the p120 
family. (B) The surface expression of E-cadherin is one facet of a 
complex trafficking network. Upon delivery to the cell surface, 
classical cadherins may adopt either of two fates. Productive 
homophilic ligation and attachment to the cytoskeleton allows 
cadherins to be retained at the cell surface, supporting lateral 
clustering and assembly of cadherins into adherens junctions 
(red arrow). Alternatively, cadherins may be endocytosed. They 
then can either be trafficked back to the cell surface (via a post-
Golgi recycling pathway) or ultimately targeted for degradation, 
at least in part via lysosomes. Cadherins delivered to the cell 
surface can thus derive either from newly synthesized material or 
via the recycling pathway. p120 appears to play a key gatekeeper 
function in determining the fate of cadherins after delivery to the 
surface. When incorporated into the cadherin complex p120 can 
also potentially coordinate a range of other activities, including 
surface adhesion, cadherin clustering, and cell signaling.
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docytosed, but after internalization they can either be
rapidly recycled back to the cell surface via a post-Golgi
transport pathway (Le et al., 1999) or targeted for lysosomal
degradation (Xiao et al., 2003). The precise relationship be-
tween the recycling and degradative pathways is not well-
understood but the two are likely to be linked.

The earlier work of Ireton et al. (2002) had suggested that
loss of p120 reduces the half-life of E-cadherin. Davis et al.
(2003) extend this work, using metabolic labeling studies to
show that the synthesis rates of E-cadherin are not apprecia-
bly affected by loss of p120, but cadherin degradation is ac-
celerated. Further, p120 knock down did not seem to affect
the delivery of newly synthesized E-cadherin to the cell sur-
face (Davis et al., 2003). Instead, after delivery E-cadherin
was rapidly lost from the cell surface, suggesting that p120 is
necessary for its stable retention at the plasma membrane.
The Kowalczyk group found that VE-cadherin is internal-
ized in the absence of p120 and is trafficked to lysosomes
(Xiao et al., 2003). Furthermore, down-regulation of E-cad-
herin could be reversed when cells were treated with inhibi-
tors of lysosomal activity. These findings are thus consistent
with an emerging model where, without p120, classical cad-
herins cannot be stably retained at the cell surface and thus
are rapidly internalized to be eventually trafficked to lyso-
somes for degradation.

There are at least three nonexclusive mechanisms by which
p120 might determine the balance between synthesis, reten-
tion, and degradation of cadherins. Davis et al. (2003) and
Xiao et al. (2003) suggest that p120 could interact with the
endocytic machinery to inhibit cadherin endocytosis. Cad-
herins can be internalized via both clathrin-mediated (Pala-
cios et al., 2001) and clathrin-independent (Paterson et al.,
2003) pathways. Without knowing which pathway is used,
the precise role of p120 in this process is difficult to evaluate
at present. Further, we do not yet know the signals that tar-
get classical cadherins for endocytosis and degradation. It is
interesting that proteosomal inhibitors could reverse E-cad-
herin down-regulation after p120 knockdown (Davis et al.,
2003), suggesting a role for protein ubiquitination (Fujita et
al., 2002). However, numerous studies demonstrate that
cadherin mutants that fail to bind p120 can be stably ex-
pressed, suggesting that inhibiting endocytic uptake alone is
unlikely to fully explain the effects on adhesion of p120.

The effect of p120 on cadherin levels might reflect a more
direct role in cell adhesion. Although studies of the role of
the JM domain in adhesion came to varied conclusions,
many cadherin mutants that cannot bind p120 are poorly
adhesive (Thoreson et al., 2000), perhaps through changes
in lateral clustering of cadherins, which strengthens adhe-
sion, or by altered cadherin-activated signaling (Goodwin et
al., 2003). Notably, cadherin internalization is increased
when cell–cell contacts are broken (Le et al., 1999), suggest-
ing that productive adhesion may prevent cadherin endocy-
tosis. If productive adhesion is lost when p120 is depleted,
then this would be predicted to increase the pool of cad-
herins available for endocytosis, leading to increased net in-
ternalization of cadherin.

The third paper in this issue suggests an additional possi-
bility: that p120 participates in the transport of cadherins to
the cell surface (Chen et al., 2003). Cadherin-containing

vesicles have been shown to move on microtubule tracks to-
ward cell–cell contacts (Mary et al., 2002). Chen et al.
(2003) now demonstrate that p120 can bind conventional
kinesin, and in movies of GFP-tagged p120, they found
that p120 and kinesin decorate cadherin-containing vesicles
moving along microtubules toward cell–cell contacts. More-
over, by using either cadherin mutants incapable of binding
p120 or p120 mutants that cannot bind kinesin, they
showed that disruption of the cadherin/p120/kinesin link-
age retarded the rate at which cadherins reaccumulated in
cell–cell contacts that had been broken by depleting extra-
cellular calcium (the well-known “calcium switch” assay).
Although they do not exclude a role for p120 in regulating
cadherin retention at reforming contacts, these findings sug-
gest the intriguing possibility that p120 participates in the
kinesin-driven transport of cadherin to the cell surface. Loss
of p120 would reduce the efficiency with which cadherins
are transported to the cell surface in the outward-bound
limb of a recycling pathway, and perhaps also in the biosyn-
thetic pathway. Decreased outward transport might then
promote cadherin degradation by shunting internalized cad-
herins toward a lysosomal fate.

These three papers go a long way to establishing a key role
for p120 in regulating cadherin expression in mammalian
cells. They strongly suggest that p120 serves as a gatekeeper,
determining whether cadherins are stably retained at the cell
surface, or are endocytosed for eventual degradation. More-
over, the work of Chen et al. (2003) draws our attention to
the capacity for p120 to influence the kinetics, and perhaps
the itinerary, of cadherin transport as it reenters cells.
Clearly, much remains to be learned. In particular, regula-
tion of cadherin levels is unlikely to be the sole mechanism
by which p120 determines adhesion, since p120-uncoupled
cadherin mutants can be effectively expressed at the cell sur-
face but are poorly adhesive. Likewise, these data and the
ability of flies and worms to live without p120 suggest that
other mechanisms for regulating cadherin turnover are likely
to exist. Finally, p120 can also intersect with a range of sig-
nal transduction molecules including Rho-family GTPases
and the transcription factor Kaiso, none of which we have
discussed here. We thus need to understand how p120 and
other potentially redundant machinery might influence the
relationship between surface adhesion, signaling, and en-
docytosis. Mapping p120’s interactions and identifying the
rules that govern them will be an interesting challenge in the
next few years.

 

Submitted: 18 October 2003
Accepted: 20 October 2003

 

References

 

Anastasiadis, P.Z., and P.B. Reynolds. 2000. The p120 catenin family: complex
roles in adhesion, signaling and cancer. 

 

J. Cell Sci.

 

 113:1319–1334.
Angst, B.D., C. Marcozzi, and A.I. Magee. 2001. The cadherin superfamily: diver-

sity in form and function. 

 

J. Cell Sci.

 

 114:629–641.
Chen, Y.-H., D.B. Stewart, and W.J. Nelson. 1999. Coupling assembly of the

E-cadherin/

 

�

 

-catenin complex to efficient endoplasmic reticulum exit and
basal-lateral membrane targeting of E-cadherin in polarized MDCK cells. 

 

J.
Cell Biol.

 

 144:687–699.
Chen, X., S.-I. Kojima, G.G. Borisy, and K.J. Green. 2003. p120 catenin associates

with kinesin and facilitates the transport of cadherin-catenin complexes to



Th
e 

Jo
ur

na
l o

f C
el

l B
io

lo
gy

 

440 The Journal of Cell Biology 

 

|

 

 

 

Volume 163, Number 3, 2003

 

intercellular junctions. 

 

J. Cell Biol

 

. 163:547–557.
Davis, M.A., R.C. Ireton, and A.B. Reynolds. 2003. A core function for p120-cate-

nin in cadherin turnover. 

 

J. Cell Biol

 

. 163:525–534.
Fujita, Y., G. Krause, M. Scheffner, D. Zechner, H.E. Leddy, J. Behrens, T. Som-

mer, and W. Birchmeier. 2002. Hakai, a c-Cbl-like protein, ubiquitinates
and induces endocytosis of the E-cadherin complex. 

 

Nat. Cell Biol.

 

 4:222–
231.

Goodwin, M., E.M. Kovacs, M.A. Thoreson, A.B. Reynolds, and A.S. Yap. 2003.
Minimal mutation of the cytoplasmic tail inhibits the ability of E-cadherin
to activate Rac but not phosphatidylinositol 3-kinase: direct evidence of a
role for cadherin-activated Rac signaling in adhesion and contact formation.

 

J. Biol. Chem.

 

 278:20533–20539.
Ireton, R.C., M.A. Davis, J. van Hengel, D.J. Mariner, K. Barnes, M.A. Thoreson,

P.Z. Anastasiadis, L. Matrisian, L.M. Bundy, L. Sealy, et al. 2002. A novel
role for p120 catenin in E-cadherin function. 

 

J. Cell Biol.

 

 159:465–476.
Le, T.L., A.S. Yap, and J.L. Stow. 1999. Recycling of E-cadherin: a potential mech-

anism for regulating cadherin dynamics. 

 

J. Cell Biol.

 

 146:219–232.
Mary, S., S. Charrasse, M. Meriane, F. Comunale, P. Travo, A. Blangy, and C.

Gauthier-Rouviere. 2002. Biogenesis of N-cadherin-dependent cell-cell con-
tacts in living fibroblasts is a microtubule-dependent kinesin-driven mecha-
nism. 

 

Mol. Biol. Cell.

 

 13:285–301.
Miranda, K.C., T. Khromykh, P. Christy, T.L. Le, C.J. Gottardi, A.S. Yap, J.L.

Stow, and R.D. Teasdale. 2001. A dileucine motif targets E-cadherin to the
basolateral cell surface in Madin-Darby canine kidney and LLC-PK1 epithe-
lial cells. 

 

J. Biol. Chem.

 

 276:22565–22572.
Myster, S.H., R. Cavallo, C.T. Anderson, D.T. Fox, and M. Peifer. 2003. 

 

Dro-
sophila

 

 p120catenin plays a supporting role in cell adhesion but is not an es-
sential adherens junction component. 

 

J. Cell Biol.

 

 160:433–449.
Ozawa, M., and R. Kemler. 1998. The membrane-proximal region of the E-cad-

herin cytoplasmic domain prevents dimerization and negatively regulates ad-
hesion activity. 

 

J. Cell Biol.

 

 142:1605–1613.
Pacquelet, A., L. Lin, and P. Rorth. 2003. Binding site for p120/delta-catenin is

not required for 

 

Drosophila

 

 E-cadherin function in vivo. 

 

J. Cell Biol.

 

 160:
313–319.

Palacios, F., L. Price, J. Schweitzer, J.G. Collard, and C. D’Souza-Schorey. 2001.
An essential role for ARF6-regulated membrane traffic in adherens junction
turnover and epithelial cell migration. 

 

EMBO J.

 

 20:4973–4986.
Paterson, A.D., R.G. Parton, C. Ferguson, J.L. Stow, and A.S. Yap. 2003. Charac-

terization of E-cadherin endocytosis in isolated MCF-7 and chinese hamster
ovary cells: the initial fate of unbound E-cadherin. 

 

J. Biol. Chem.

 

 278:
21050–21057.

Pettitt, J., E.A. Cox, I.D. Broadbent, A. Flett, and J. Hardin. 2003. The 

 

Cae-
norhabditis elegans

 

 p120 catenin homologue, JAC-1, modulates cadherin-
catenin function during epidermal morphogenesis. 

 

J. Cell Biol.

 

 162:15–22.
Shore, E.M., and W.J. Nelson. 1991. Biosynthesis of the cell adhesion molecule

uvomorulin (E-cadherin) in Madin-Darby canine kidney epithelial cells. 

 

J.
Biol. Chem.

 

 266:19672–19680.
Thoreson, M.A., P.Z. Anastasiadis, J.M. Daniel, R.C. Ireton, M.J. Wheelock, K.R.

Johnson, D.K. Hummingbird, and A.B. Reynolds. 2000. Selective uncou-
pling of p120

 

ctn

 

 from E-cadherin disrupts strong adhesion. 

 

J. Cell Biol.

 

 148:
189–201.

Xiao, K., D.F. Allison, K.M. Buckley, M. Kottke, P.A. Vincent, V. Faundez, and
A.P. Kowalczyk. 2003. Cellular levels of p120-catenin function as a set point
for cadherin expression levels in microvascular endothelial cells. 

 

J. Cell Biol

 

.
163:535–545.

Yap, A.S., C.M. Niessen, and B.M. Gumbiner. 1998. The juxtamembrane region
of the cadherin cytoplasmic tail supports lateral clustering, adhesive
strengthening, and interaction with p120ctn. 

 

J. Cell Biol.

 

 141:779–789.


