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p-Catenin, Cyclins, and More: New Insights into the Pathogenesis, Treatment,
and Prevention of Colon Cancer

Athanassios Giannis*

For quite a long time it has been believed that the protein -
catenin plays a critical role during pathogenesis of colon
cancer.l! This suspicion was strengthened by the discovery
that the intracellular concentration of fS-catenin is greatly
increased in the intestinal epithelial cells of patients with the
hereditary disease adenomatous polyposis coli.?! This disease
is caused by a mutation of the APC gene and represents a
predisposition for colon cancer. Furthermore, the APC gene
is mutated in the majority of colon cancer patients and the
gene seems to be decisively involved in this type of cancer.!

In normal cells, the APC protein conjoins with S-catenin
and axin.” In this complex, the S-catenin is phosphorylated by
glycogen synthase kinase 38 (GSK-353) and subsequently,
after ubiquitination, degraded in the proteasomes.! However,
in colon cells with a mutated APC gene, this degradation is
interrupted and, thereby, the level of intracellular 3-catenin is
raised.

Up to now, (-catenin has been known to be an important
intracellular component, which enables the connection of the
cadherin class adhesion molecules (E-, N-, and P-cadherins)
with the actin cytoskeleton and, therewith, enables cell —cell
adhesion. Also known, but less well studied, was the fact that
p-catenin induces the expression of certain genes after nuclear
translocation. These genes are, along with others, responsible
for cell division and proliferation. However, the mechanism of
this remained a mystery.

The situation changed in 1996 when it was found that f-
catenin acts as an transcriptional activator after its complex-
ation with DNA-binding proteins of the T-cell factor (TCF)/
lymphoid enhancer-binding factor (LEF) families.! The
understanding of this background and the fact that the APC
protein keeps the level of intracellular S-catenin low was
evidence of the importance of the APC gene as a decisive
negative regulator of the Wnt signaling pathway,”l whose
excessive activation leads to cancer in humans.

Despite this progress, the nature of the genes which are
activated by the fS-catenin/TCF complex remained undiscov-
ered. At the beginning of 1999, two research groups inde-
pendently reported a new breakthrough discovery.¥l Due to
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the fact that the protein cyclin D1 is an important regulator of
the progression of the cell cycle, many research efforts were
focused on it as a possible target of S-catenin/TCF. It was also
known that cyclin D1 is overexpressed in a significant number
of colon carcinomas.>' Interestingly, the inhibition of
cyclin D1 expression by antisense oligodeoxynucleotides
abolished the growth of certain colon cancer cells.'!l Inves-
tigations in the group of Ben-Ze’ev in Israel showed that the
p-catenin/TCF complex stimulates the expression of cyclin D1
in SW-480 colon cancer cells by binding at the cyclin D1
promotor.[’ Transfection of this cancer cell line with the
wild-type APC gene leads, by the stimulation of the degra-
dation of f-catenin, to a decrease of free f-catenin and,
thereby, to the reduction of cyclin D1 expression. The same
result was obtained by overexpression of the cytoplasmatic
tail of N-cadherin. The reason is most probably the inter-
ception of free 3-catenin by the cadherin, which finally leads
to reduction of S-catenin/TCF complex concentration. Similar
results were found by the group of McCormick in the
USA. 8 Additionally, the authors showed that the oncopro-
tein Valin-12-p21™ enhances the pJ-catenin-mediated cy-
clin D1 expression with the support of the Ets-family tran-
scription factors.[*?]

All of these findings clearly show that f-catenin is an
oncoprotein. The APC protein is an important physiological
antagonist of 3-catenin and, thereby, an antagonist of the Wnt
signal transduction pathway. When lacking extracellular
stimuli, the APC protein promotes the degradation of fj-
catenin and supports the migration of colorectal epithelial
cells throughout the column of the Lieberkiihn crypts. The
stabilization of S-catenin in the presence of the Wnt signal is
probably caused by the inhibition of GSK-34. This finally
results in the suppression of apoptosis and stimulation of
proliferation (Figure 1).01

What are the implications of these new insights for the
development of new colon cancer therapies? One possibility
could be the overexpression of the cytoplasmatic cadherin tail
which would intercept the free S-catenin. The consequences
of this interception concept have to be proven with a suitable
in vivo model. The Min mousel'*l is an appropriate test system
for human adenomatous polyposis coli, because it has a
mutated APC gene and bears a similar syndrome.

Furthermore, the effect of cyclin D1 could be restrained
with suitable inhibitors, such as the synthetic flavonoid
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Figure 1. -Catenin has a dual function: On one hand, it connects the
adhesion molecules of the cadherin class with the actin filament of the
cytoskeleton. On the other hand, it activates, in the form of a complex with
the transcription factor TCF/LEF, the expression of certain genes, such as
cyclin D1 and PPARJ. Thereby, proliferation is stimulated and/or apop-
tosis is inhibited. The effect of the p-catenin is terminated by its
proteasomal degradation. For this purpose the proteins APC, GSK-35,
and axin (not shown) are necessary. In the hereditary disease adenomatous
polyposis coli, as well as in many cases of colon cancer, the degradation of
p-catenin is disturbed, due to a mutation of the APC gene. This results in a
rise of the intracellular level of S-catenin. Activation of the Wnt signaling
transduction pathway enhances the stability of the APC/B-Cat/GSK-3p3
complex and leads to the same result.

derivative flavopyridol (1). Flavopyridol is already in clinical
trials and seems to be a promising candidate.['¥ It is not only a
potent inhibitor for cyclin D1-dependent kinase 4 (cdk4), but
also for other kinases which are
required for the progression of
the cell cycle, like cdkl, cdk2,
and cdk7 Interestingly, flavo-
pyridol strongly reduces the ex-
pression of cyclin D1. ['¥]
N Regarding the involvement of
Ras proteins and Ets transcrip-
tion factors in cyclin D1 expres-
sion, the use of Ras farnesyla-
tion inhibitors!*®!, in combination with inhibitors of the Ets
biosynthesis, seems to be promising for the treatment of colon
cancer. Fumagillin and its synthetic analogue TNP-470 (2)
seem to be suitable, because both are not only potent anti-
angiogenic agents but also in-

o hibitors of Ets-1 expression.['”]
CHs CHa Further possibilities arise
ZCH, from the reports of Kinzler

OCH; ¢ ) )
O_ NH et al. in the USA. This group
\g L(\Cl recently identified the peroxi-
2 some proliferator activated re-
ceptor 0 (PPARJ) as a new
target of the p-catenin/TCF
complex.'l PPARS is a member of the ligand-dependent
nuclear receptor superfamily.'”! This family regulates the
expression of their target genes by binding the so-called
PPAR response element (PPRE) and, thereby, the family
controls different aspects of growth, development, and
homeostasis. Different polyunsaturated fatty acids and eico-
sanoid metabolites (such as prostaglandins) were identified as
ligands of the PPARSs. Kinzler et al. showed that nonsteroidal
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antiinflammatory drugs (NSAIDs), (o]
as sulindac (3), inhibit tumor genesis Hac’s

and tumor growth in two distinct ‘
ways. On one hand, they inhibit

cyclooxygenases (COX-1 as well as QQ CHs
the inducible COX-2), which results
in the reduction of the formation of F COOH

prostaglandins. The latter are known 3

to promote the development of

colon cancer through paracrine

and/or autocrine mechanisms.?! On the other hand, sulindac
can bind to PPARJ and disrupt its DNA binding ability. The
sulindac sulfone, which is not an inhibitor of COX, is able to
suppress the S-catenin-mediated PPARG activity.'! Also, in
this case, the “good” APC protein acts as an antagonist of the
PPARO expression, by stimulating the degradation of (-
catenin.

Selective inhibitors of COX-2 were successfully used for
chemopreventation of colon cancer in different studies.?' The
results of Kinzler et al. present a plausible explanation for the
molecular mechanisms. They indicate that COX inhibitors,
which are also potent inhibitors of PPARJ, may be more
useful.?? Tn this context, it seems important to point out that
cyclooxygenase inhibitors show an additional favorable
property for tumor therapy—they block the formation of
new blood vessels (angiogenesis).?]

In summary, one can say that, in the last few years, decisive
progress has been made in the understanding of the molecular
basis for the pathogenesis of colon cancer. The optimism
concerning the development of new efficient agents for
prevention, as well as treatment, of this disease is justified.
It is an exciting question whether these drugs will simply be
aspirin derivatives in the end.¥
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New Functional Materials Based on Self-Assembling Organogels:
From Serendipity towards Design**

Jan H. van Esch* and Ben L. Feringa

Everyone knows what a gel is, but from a
scientific point of view the term gel encompasses
chemically very diverse systems. Gel systems
formed by, for instance, dilute solutions of
polymers, proteins, and inorganic substances like
silica or clays in water and organic solvents have
been well studied and are widely used in, for
example, photographic, cosmetics, food, and
petroleum industries.[!! In recent years there has
been a rapidly growing interest in low molecular
weight gelling agents, which is motivated not only
by the many potential applications of gels, but
also by the fact that these systems exhibit striking
properties with respect to self-assembly phenom-
ena (Scheme 1).123

These “organogels” have in common with
other gel systems that the gelling agent forms a
continuous three-dimensional entangled network
in the solvent, thereby preventing the liquid from
flowing.™ In contrast to their macromolecular
and inorganic counterparts, the network struc-
ture formed by low molecular weight organo-
gelators is held together solely by noncovalent
forces, including hydrogen bonding, m stacking,
and solvophobic effects (Figure 1). The self-
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Scheme 1. Examples of low molecular weight gelling agents, illustrating the enormous
structural diversity among organogelators.
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