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Figure 3 Expression, as assessed by antibody based immunoperoxidase methodology, of Fz1/2 receptors in (A1-3) normal colonic mucosa,
(B1-3) well differentiated colon carcinoma, and (C1-3) poorly differentiated colon carcinoma. Haematoxylin and eosin staining is depicted in
A1, B1, and C1. Experimental conditions are represented in panels A2, B2, and C2 (original magnification, x40) and A3, B3, and C3
(original magnification, x100). The brown granular staining in panels C2 and C3 indicates the presence of Fz1/2 receptors.

expression that was localised to the base of the adult human
colonic crypt, where the population of proliferating stem cells
resides, as also postulated by Bienz and Clevers.” Surprisingly,
we found that the expression of most of the Wnt ligands is
fairly ubiquitous in both normal and malignant colon, and
that minimal expression differences can be ascertained
between the colonic crypts and villi. Only Wnt2, and to a lesser
degree Wnt5a, appear to be upregulated in the transition
between normal and malignant mucosa (fig 4). Only Wnt5a
displays any degree of graded expression between the colonic
crypts and villi. The colonic crypts contain proliferating
mucosal stem cells give rise to differentiated, non-
proliferating mucosal cells that migrate towards the villi.”* In
the mouse, TCF4 is required to maintain the proliferative
integrity of the undifferentiated crypt stem cell.” We found no
evidence for localised expression of the Wnts tested here. Our
current data support an alternative model that any restriction
of Wnt signalling in the colon is achieved by restricting other
components of the Wnt signal transduction pathway, a nota-
ble departure from the strategies used by drosophila, xenopus,
and other model systems.

In accordance with this alternative model of Wnt signal
regulation, Fz expression appears to be highly regulated in the
human colon. There was little or no apparent expression in
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normal colon or well differentiated cancers detected by the
Fz1/2 specific antibody used in our study. This raises the
possibility that Wnt ligands are signalling through a Fz recep-
tor other than Fz1/2 (there are at least 10 human Fz receptors)
or through another type of receptor that has yet to be defined.
In striking contrast to the lack of detectable Fz1/2 in normal
mucosa and well differentiated colon cancer, abundant Fz
expression is seen in poorly differentiated cancers, particularly
at the invasion front. Other studies have detected nuclear
accumulation of fB-catenin, most prominently at the leading
edges of colon tumours,” a localisation pattern that correlates
with aggressive tumour invasion." Transcriptional activation
of Fz gene expression may result from high numbers of
nuclear B-catenin-LEF-TCF complexes in these cells. Studies
in human and other model systems provide some evidence for
similar autocrine feedback loops within the Wnt/Wingless
pathway."” “* Alternatively, the expression of cell surface Fz
receptors at the invasion front may be the primary cause of the
increased nuclear accumulation of B-catenin. Perhaps APC
mutations alone are not sufficient to drive nuclear 3-catenin
accumulation to high levels; other processes ongoing at the
invasion front may synergise with a crippled APC dependent
degradation pathway to promote the formation of nuclear
-catenin-LEF-TCF complexes. Particularly for the process of
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Figure 4 Diagram representing the expression of various Wnt ligands, BMP2a, and BMP6 in the normal colon and (B) the comparative

expression of these molecules in normal and malignant colon.

tumour invasion, our data suggest that the regulation of Fz
receptor expression may be more important than the
regulation of Wnt ligand expression, whereas in drosophila
the expression of Fz receptors and Wg ligands are equally cru-
cial for normal growth and development.” *

“Particularly for the process of tumour invasion, our data
suggest that the regulation of Frizzled receptor expression
may be more important than the regulation of Wnt ligand
expression”

BMPs appear to function in opposition to Wnts in
drosophila and other model systems.” ** “* The loss of trans-
duction of TGF-f signals mediated by genetic inactivation of
the transcription factor Smad4 is thought to be a frequent and
important genetic alteration that can promote carcinogenesis
in the colon.*” Our data suggest that downregulation of
BMP6 occurs in colon cancer compared with normal mucosal
control samples from the same individual. If the concept of
antagonistic activities of the Wnt and BMP pathways holds in
the human colon, it is possible that upregulation of the Wnt
pathway—for example, increased Wnt2 and Fz expression—
might lead to increased repression of the expression of BMP6
or, alternatively, that loss of TGF-B/BMP signalling might lead
to increased expression of Wnt pathway genes.

The data presented here indicate that the expression of Wnt
and Fz is important in the progression from normal colonic
mucosa to a malignant and invasive phenotype. Additional
studies are needed to evaluate the role of other Fz receptors
and of secreted Fz related proteins, which act to repress Wnt
related signalling. Studies designed to elucidate the expres-
sion pattern of important Wnt species in early and late adeno-
matous polyps are under way. More detailed analysis of Wnt
gene expression in colonic crypt stem cells may help to define
the processes important for stem cell proliferation and differ-
entiation. Such future research in the area of Wnt signalling,
in addition to providing a better understanding of the
processes involved in colon cancer carcinogenesis, may lead to
the development of clinically useful diagnostic and prognostic
markers.
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Gut reaction

strongly implicated in colitis through production of tumour necrosis factor a (TNFa), according to
results obtained in severe combined immunodeficient (SCID) mice.

SCID mice fed ovalbumin developed the hallmarks of colitis when reconstituted with splenic T cells
from immunocompetent donor mice primed with ovalbumin. CD4+ T cells were more abundant in the
large intestine than the spleen and small intestine, and they included a large proportion of CD45RB™ T
cells. Those from the large intestine showed extensive staining for interferon y (IFNy) and TNFo and
contained mRNA for both cytokines, though only antibody to TNFa prevented colitis after challenge with
ovalbumin. Induced colitis was antigen specific. So SCID mice reconstituted with splenic CD4+
CD45RB+ T cells primed with ovalbumin or another protein showed severe colitis only with ovalbumin,
and mononuclear cells isolated from spleen and large intestine showed ovalbumin specific proliferation
in vitro. Finally, SCID mice reconstituted with primed CD4+ CD45RB™ T cells developed severe colitis
with ovalbumin and showed abundant TNFa secreting cells compared with mice reconstituted with
non-primed CD4+ CD45RB"" T cells .

BALB/c mice were primed subcutaneously with antigen. A week later CD4+ CD45RB+ or CD4+
CD45RB"™ T cells were obtained by FACS sorting of a single cell suspension from the spleen for adoptive
transfer to SCID mice by venous injection.

Previous studies have suggested interaction between spleen and colon in colitis but not which specific
CD4+ T cells.

A Gut2002;50:299-306.
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