
Abstract. Mutations in apc which lead to activation of the Wnt
signaling pathway are a hallmark of sporadic colon cancers
but occur infrequently in colon cancers arising in patients
with inflammatory bowel disease (IBD). There is evidence,
however, that other components of the Wnt pathway may be
altered in IBD-related colon cancer. In this study, we examined
the expression the Wnt pathway components frizzled (Fz),
the cell surface receptor, and disheveled (DVL), a family of
cytoplasmic signal transduction molecules, in IBD and IBD-
related colon cancer. Paraffin sections of normal and malignant
colon tissues were obtained from patients with a history of
ulcerative colitis and from controls with sporadic colon
cancer. Tissue sections were stained with antibodies directed
against Fz1/2 receptors and DVL1, DVL2 and DVL3 and
antigen expression visualized by immunohistochemistry. Fz1/2
receptors were minimally expressed in normal IBD mucosa,
were not expressed in IBD colon cancer, but exhibited strong
expression in dysplastic tissues adjacent to the cancers. DVL1
was not expressed in IBD normal mucosa or normal mucosa
from non-IBD patients, but was expressed in all cancers. DVL2
and DVL3 were expressed in all normal mucosa samples
tested, and in sporadic colon cancer, but were not expressed
in colon cancers arising in IBD patients. The characteristics
of Fz and DVL expression in IBD tissues reported herein
provides evidence of the importance of Wnt signaling in IBD
and IBD-related colon cancer and, specifically, the
significance of non-APC components of this pathway. Fz
may serve as a marker for dyspasia in IBD patients and
DVL1 is a potential therapeutic target for IBD-related colon
cancer.

Introduction

Activation of the Wnt signaling pathway is of paramount
importance in the development of sporadic colon cancer.
Sporadic colon cancers (>80%) are associated with mutations
in the apc gene (1,2). This leads to the accumulation of cyto-
plasmic and nuclear ß-catenin, and upregulation of LEF/TCF-
dependent transcription of growth promoting genes such as
cyclinD1 and c-myc (3,4). While mutations in apc which result
in the stabilization of ß-catenin are extremely common in
sporadic colon cancer, such mutations appear to be rare in
tumors from patients with ulcerative colitis (UC) (5-7). UC-
associated rat colon carcinogenesis induced by 1-hydro-
xyanthraquinone and methylazoxymethanol acetate does not
involve apc mutations (8,9). However, ß-catenin mutations
are seen in rat colon cancer induced by these agents, strongly
implicating Wnt signaling in these tumors (10). Abnormal
ß-catenin protein expression may be more closely linked to
E-cadherin alterations in UC-related cancers than to the APC
abnormalities seen in sporadic cancers (11). Analysis of
sporadic and inflammatory bowel disease (IBD)-related
cancers reveals similar patterns of expression of p53 and
ß-catenin, suggesting similar pathways of carcinogenesis (12).
Correspondingly, molecular alterations in UC-associated and
sporadic hyperplastic polyps are genotypically similar (13).
These studies support the hypothesis that Wnt signaling is a
critical contributor to the pathogenesis of UC/IBD-related
colon cancers, but suggests that alterations in Wnt signal
pathway components are separate and distinct from the apc
mutations commonly observed in sporadic colon cancer.
Nucleotide array comparison of inflamed intestinal mucosa
of patients with UC and Chron's disease revealed increased
expression of three Wnt pathway genes, Sarp1, frizzled (Fz)
and disheveled (DVL) in samples from patients at highest risk
for colon cancer, those with longstanding UC (14).

Increased expression of Fz1/2 receptors has been described
in sporadic colon cancer (15). The expression appears to be
primarily in poorly differentiated tumors and concentrated at
the invasion margin. The overexpression may be linked to Wnt
pathway activation at the invasion margin (16) and may be a
marker for tumor invasiveness. Increased expression of DVL1
has been reported in primary breast cancers (17) and cervical
squamous cell carcinomas (18). While no specific association
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between DVL2 and human cancer has been reported, DVL3
is overexpressed in non-small cell lung cancers (NSCLC), and
inhibition of DVL activity by small inhibitory RNA (siRNA)
molecules in vitro results in growth inhibition of a NSCLC
cell line (19). DVL is also overexpressed in human meso-
thelioma (20). These data, along with the evidence that non-
APC-related Wnt pathway activation is involved in colon
carcinogenesis in the setting of UC, led to this study of Fz and
DVL expression in IBD-associated colon cancer.

Materials and methods

Tissue acquisition. Tissue samples were obtained from
archived specimens at the University of California, Irvine
Medical Center and through the Cooperative Human Tissue
Network at Vanderbilt University which is supported by the
National Cancer Institute. All tissue was obtained under local
IRB approval and was stripped of all patient identifiers.
Paraffin-embedded tissue sections of colon cancer and normal
colonic mucosa were obtained from patients with sporadic
colon cancer and patients with colon cancer and a history of
inflammatory bowel disease (in these cases, all with a history
of ulcerative colitis).

Immunohistochemistry. Tissue sections from paraffin-
embedded samples were deparaffinized with xylene/ethanol
and incubated with primary antibody (1-5 μg/ml) overnight
at 4˚C. Primary antibodies included polyclonal goat anti-
human Fz1+2 antibodies, which react with both human Fz1
and Fz2 cell surface receptors (clone sc-7429, Santa Cruz
Biotechnology, Santa Cruz, CA) and antibodies specific for
DVL1 (clone Ab5970, rabbit polyclonal, Chemicon Corp,
Temecula, CA), DVL2 (clone sc-7399, goat polyclonal,
Santa Cruz Biotechnology) and DVL 3 (clone sc-26504, goat
polyclonal, Santa Cruz Biotechnology). Following primary
antibody incubation, tissue sections were washed with PBS
containing 0.3% Triton-X-100, incubated with biotinylated
donkey anti-goat or anti-rabbit secondary antibody (1 μg/ml)
and then subsequently with horseradish peroxidase and DAB
chromogen. Donkey serum (8%) was utilized as a blocking
agent to reduce background staining. Antigen retrieval was
accomplished by boiling tissue slides for 5-10 min in 10 mM

sodium citrate, pH 6.0. Endogenous peroxidase activity was
blocked by incubating with 3% H2O2/ddH2O for 10 min. The
tissue slides were visualized with an Olympus microscope
system utilizing Narmoski Optics and recorded separately as
digital images at multiple magnifications ranging from x100
to x1000.

Results

Frizzled receptors 1/2 were minimally expressed in normal
colonic mucosa derived from patients with inflammatory
bowel disease (Fig. 1). No expression was seen in IBD-derived
colon cancers, regardless of histology (moderately, well
differentiated or poorly differentiated). No expression was
seen at the invasion margin for any of the 12 IBD cancers
studied. However, significant expression was seen in areas
characterized by dysplasia which were adjacent to a majority
of the IBD tumors analyzed.

DVL1 was not expressed in normal mucosa from patients
with IBD or patients who presented with sporadic colon cancer.
DVL2 and DVL3 were expressed in the normal mucosa of
both groups. In cancer specimens, DVL1 was uniformly
expressed in both IBD patients and sporadic colon cancer
patients even though no DVL1 expression was seen in the
normal tissue from the same patients. In cancer specimens
from the non-IBD patients, those with sporadic colon cancer,
DVL2 and DVL3 were both expressed. However, neither
DVL2 nor DVL3 were expressed in colon cancers in IBD
patients (Fig. 2 and Table I). Areas of dysplasia adjacent to
IBD-associated colon cancers had an expression pattern of
DVL1, DVL2 and DVL3 which was similar to that seen in
normal IBD mucosa.

Discussion

Colon carcinogenesis involves a series of sequential genetic
changes as well as epigenetic changes in the expression of
components of various signaling pathways. Wnt:Fz inter-
actions at the cell surface (and possibly the activity of other
upstream components of the pathway) are critical for regulating
Wnt signal throughput, even in tumors which harbor activating
mutations in apc (21,22). These interactions, which typically
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Figure 1. Frizzled 1/2 expression by immunohistochemistry in representative tissue samples from patients with inflammatory bowel disease and colon cancer.
A, depicts normal (IBD) colonic mucosa. B, depicts an area of dysplasia and hyperproliferation adjacent to the colon cancer. C, depicts colon cancer. Weak
expression of Fz1/2 is observed in normal mucosa with strong expression in the dysplastic area (arrows). No expression is seen in the cancer tissue.
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result in a canonical Wnt signal, promote tumor growth and
progression (23) and may be involved in tumor invasion (15).
Increased expression of Fz in inflamed mucosa from patients
with longstanding UC suggests that signaling through this
receptor may be involved in pre-malignant changes and
malignant transformation in patients with IBD. In this study,
we demonstrate that Fz1/2 is overexpressed in dysplastic
mucosa adjacent to IBD-associated cancers, while expressed
only weakly in normal IBD mucosa and not expressed in the
cancer tissue itself. Fz1/2 may facilitate increased Wnt
signaling in pre-malignant dysplastic tissue, promoting cell
growth and proliferation. As such, it may be a useful marker as
an aid in identifying dysplasia in patients with IBD. In overt
cancer, activation of Wnt and other signaling pathways due
to genetic mutations may be sufficient to obviate the need for
additional stimulation via Wnt:Fz interactions.

A prior study described the expression of DVL3 in normal
and malignant colon tissue (24) and our data support these

prior findings. However, in examining the expression of each
of the family members, the expression of the three DVL
proteins is distinct, with DVL1 not expressed in normal IBD-
and non-IBD mucosa, but expressed in all cancers. DVL2 and
DVL3, on the contrary, are expressed in normal mucosa from
each source, and are expressed in sporadic colon cancer, but
are not expressed in IBD-associated colon cancer. The amino
acid sequence and putative structure indicate that there are
significant differences between DVL1 and DVL2/DVL3.
These may equate to functional differences relevant to their
unique distribution of expression.

The region between DVL1 amino acid 475 and DVL1
amino acid 633 differs considerably among the three proteins.
This region is probably made up of flexible coils and could be
a binding region which is only structured in the presence of
its ligand/binding partner. These differences between the DVL
family members may affect the binding affinity of various
substrates which, in turn, may affect function. At least 17
proteins have been defined as binding partners of DVL family
members affecting processes such as kinase and phosphatase
activity, ß-catenin-dependent Wnt signaling, PCP-CE (tissue
polarity/convergence-extension) signaling, notch signaling and
ß-arrestin activity (25).

The N-terminal region of DVL1 (amino acids 1 through
474) contains a PDZ domain and a DEP domain. The PDZ
domain of Xenopus disheveled binds a protein called Dapper
which is an antagonist of ß-catenin and JNK signaling. The
three amino acids immediately preceding the Dapper binding
region are different in DVL1 when compared to DVL2 and
DVL3 which could affect putative Dapper-DVL interactions
and signify another functional difference between the DVL
family members (26).
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Figure 2. DVL2 (A-C) and DVL3 (D-F) expression by immunohistochemistry in representative tissue samples from patients with inflammatory bowel disease
and colon cancer. Expression of DVL2 and DVL3 is seen in the normal (IBD) colonic mucosa (A and D, arrows) and dysplastic areas adjacent to the colon
cancer (B and E, arrows). No expression is seen in colon cancer tissue (C and F).

Table I. Expression of DVL1, DVL2 and DVL3 in normal
mucosa from patients with IBD and from patients with no
history of colitis, and in IBD-related colon cancers and
sporadic colon cancers.
–––––––––––––––––––––––––––––––––––––––––––––––––

N DVL1 DVL2 DVL3
–––––––––––––––––––––––––––––––––––––––––––––––––
IBD normal mucosa 6 (-) (+) (+)
IBD cancer 12 (+) (-) (-)
Sporadic normal mucosa 8 (-) (+) (+)
Sporadic cancer 8 (+) (+) (+)
–––––––––––––––––––––––––––––––––––––––––––––––––
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The DEP domain has three functional regions. One is a
putative membrane localization region where 7 positively
charged amino acids cluster together. DVL1 contains all 7 but
DVL2 and DVL3 share only 5 of these amino acids. Another
region in DEP is Helix 1, which provides key interactions
between Xdsh and domains of other proteins involved in
Xenopus axis induction. Only DVL1 shares significant
sequence identity with this region of Xenopus disheveled.
The sequences of DVL2 and DVL3 are considerably different
in this helix (27).

Overall, the expression of specific DVL family members
in non-malignant and cancerous tissues appears very specific.
Unlike sporadic colon cancers, IBD-associated colon cancers
express only one DVL family member, DVL1. Thus, DVL1
may be a unique therapeutic target for this group of patients. In
sporadic colon cancer, redundant functionality between DVL1
and DVL2/DVL3 may make such a therapeutic approach less
effective.

The characteristics of Fz and DVL expression in IBD
tissues reported herein provides further evidence of the
importance of Wnt signaling in IBD and IBD-related colon
cancer and, specifically, the significance of non-APC
components of this pathway.
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