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Cadherin and catenin biology represent a global
mechanism for epithelial cancer progression

Janusz A Jankowski, Rachel Bruton, Neil Shepherd, D Scott A Sanders

Abstract
The cell undergoes a diverse range of
stimulations including growth factor acti-
vation and signal transduction from adhe-
sion receptors, such as cadherins. In the
absence ofa mitogenic signal from outside
the cell, P catenin is sequestered in
complexes with the product of the adeno-
matous polyposis coli (APC) gene and a
serine threonine glycogen kinase (GSK 30)
enabling degradation of free P catenin.
Residual catenins hold cells together by
binding to cadherins both at adherens
junctions and the actin cytoskeleton.
When a mitotic signal is delivered by the
wnt pathway, GSK 3p is antagonised so
that P catenin can no longer be degraded.
Cytosolic concentrations rise and binding
to other newly synthesised proteins oc-
curs, especially transcription factors that
are transported to the nucleus, such as
lymphocyte enhancing factor and T cell
factor. This article discusses the signalling
between mitogenic and adhesion pathways
and suggests that it is a global mechanism
for development, differentiation, and dis-
ease. These changes in catenin and APC
biology may not be sufficient alone to
transform cells fully but they appear to be
a necessary final common pathway for
several cancers of the mucous secreting
crypts (including Barrett's oesophageal
lesions and colorectal cancer) or stratified
secreting epithelium (melanoma) before
invasion.
(C Clin Pathol:Mol Pathol 1997;50:289-290)
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Epithelial tissues are constantly adapting to
physiological stimuli in the surrounding envi-
ronment by proliferation, differentiation, apop-
tosis, and cell migration.' These processes are
pre-programmed temporally in the genome but
they are also under the influence of several sig-
nal transduction pathways initiated by contact
with adjacent cells in the immediate microenvi-
ronment. In particular, the cell is under diverse
stimuli including growth factor activation and
signal transduction from adhesion receptors,
such as cadherins. Perturbation of the balance
between these mechanisms may play a role in
early tumorigenesis and one of the key
molecules involved in modulating this process
is P catenin.2A In particular, 13 catenin modula-
tion may explain how mutations of the adeno-
matous polyposis coli (APC) gene initiate the

formation of adenomas that can develop into
fatal carcinomas.

In the absence of a mitogenic signal from
outside the cell, ,B catenin is sequestered in
complexes with the APC gene product and a
serine threonine glycogen kinase (GSK 313),
enabling degradation of free 1 catenin.`
Residual catenins hold cells together by
binding to cadherins both at adherens junc-
tions and the actin cytoskeleton (fig 1). When a
mitotic signal is delivered by the wnt pathway,
GSK 313 is antagonised so that 1 catenin can no
longer be degraded. Cytosolic concentrations
rise and binding to other newly synthesised
proteins occurs, especially transcription factors
that are transported to the nucleus, such as
lymphocyte enhancing factor (LEF) and T cell
factor (Tcf-4).
These interacting signalling pathways are

important in embryogenesis, especially
epithelio-mesenchymal transition, and in epi-
thelial tumorigenesis. In this regard, the wnt-1
gene product is required for normal develop-
ment of the mammalian central nervous system
but can also contribute to mammary oncogen-
esis when expressed inappropriately in the
mammary gland or in cell lines in vitro.7
Furthermore, work on Xenopus laevis and Dro-
sophila melanogaster embryos provided new
insights, as early as the gastrulation stage of
development.8 1 catenin in the nucleus binds
either to LEF-1 or Tcf-4 transcription factors
and acts as a cofactor to regulate the transcrip-
tion of genes, thereby allowing catenin regu-
lated transcription.

It is now known that this residual free mono-
meric 1 catenin binds to the high mobility
group domain (HMG) of the two transcription
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Figure 1 Regulation of adhesion in non-transformed cells.
In the absence of wnt-1, GSK 3fl is active and together
with wild-type APC binds to the free catenin resulting in
degradation. The catenins in the cadherin complexes are

bound tightly in the adherens junctions providing polarised
non-motile cells (+ indicates stimulation of the pathway).
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Figure 2 Regulation of adhesion in transformed cells. In
the presence of wnt-1, GSK 3/3 is inactivated and mutant
APC or tyrosine phosphorylated /l catenin cannot bind each
other, resulting in an excess offree (monomeric) ,B catenin.
Monomeric ,B catenin can still bind various proteins in the
cytosol (x) including LEFITcf and together they act as
cofactors for transcription ofgenes including negative
regulation ofE cadherin expression and positive regulation
of epithelio-mesenchymal transition (EMT) resulting in
invasion (+ indicates stimulation of the pathway).

factors, Tcf-4 and LEF, although interaction
with other Tcf family members has yet to be
proven. The HMG domain can bind in a

sequence specific manner to the promoters of
target genes and, in combination with ,B
catenin, which acts as a cofactor, individual
promoters can be activated or suppressed
resulting in epithelio-mesenchymal transition.
The E cadherin promoter is regulated nega-
tively by this complex and, consequently, tran-
scription, cell-cell adhesion, and probably
contact inhibition is weakened leading, in part,
to invasion (fig 2)."o It is interesting to observe
that several candidate genes implicated in pro-
gression are upregulated during catenin regu-
lated transcription.

It is now believed that transformation of
adult mammalian cells into malignant tumours
may reflect an exaggeration of this process. The
APC gene product is mutated early in many
cancers leading to reduced catenin degrada-
tion and, hence, an increased risk of aggregat-
ing with transcription factors. Moreover, in

epithelial cancers, catenin may also undergo
aberrant phosphorylation, owing to mutations
in the coding sequences of serine residues,
resulting in the substitution of serine with tyro-
sine or other residues.3`6 GSK 3p activity
requires the presence of multiple serine resi-
dues at the binding recognition sites of its sub-
strates, including and y. These catenin
mutations have a dominant effect, suppressing
the APC dependent binding and degradation
of even wild-type catenin.'0 Moreover, to
complicate matters further, activation of sev-
eral receptor tyrosine kinases, including recep-
tors for hepatocyte growth factor (Met) and
epidermal growth factor, are commonly in-
creased during cancer; this results in the
hyperphosphorylation of tyrosine on catenin
and y catenin, making them unable to bind
cadherin."

This model is compelling because it also
explains the apparent differences between cer-
tain APC mutations, especially those with
mutations of the catenin binding domains,
which are associated with the most aggressive
cell phenotype. The phenotype and invasive
potential of these transformed cells can be
influenced further by destabilisation of the
adherens junctions, such as occurs commonly
as a result of cadherin mutation. Moreover, it
supports the current theory that invasion not
only requires a transformed genotype involving
Ki-ras mutations, p53 mutations, bcl-2 over-
expression, and microsatellite or chromosomal
instability,'2 13 but also loss of inhibitory
environmental cues from the crypt microenvi-
ronment, such as altered adhesion and mito-
genesis.
These changes in catenin and APC biology

may not transform cells fully but they appear to
be a necessary final common pathway for
several cancers of the mucous secreting crypts
(colorectal cancer) or melanoma before inva-
sion. The assessment of catenin or APC muta-
tions in surveillance programmes represents an
important tool by which to stratify risk in
patients at risk for cancer.

In conclusion, small differences in specific
combination, concentrations, function, and
distribution of catenins (and cadherins) are
present in each cell type and can dictate a spe-
cific "embryonic" or cancer phenotype.'4
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