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Desmoid tumors (aggressive ﬁbromatosis) are locally invasive soft
tissue tumors in which ␤-catenin/TCF3 mediated Wnt signaling is
activated. More than 80% of desmoid tumors contain activating
mutations in ␤-catenin. It has been shown that the Wnt signaling
pathway interacts with Wilms’ tumor gene 1 (WT1) in normal
kidney development and plays a role in the genesis of some Wilms’
tumors. About 15% of Wilms’ tumors contain WT1 mutations and
of these, about 50% contain ␤-catenin mutations. This overlap in
mutation pattern of WT1 and ␤-catenin in Wilms’ tumor suggests
that these 2 genes may collaborate in the genesis of a subset of
Wilms’ tumors. To investigate whether this hypothesis could be
extended to other Wnt-dependent tumor types, we searched for
WT1 mutations and studied WT1 expression in ␤-catenin mutant
desmoid tumors. We investigated the expression of WT1 mRNA
and protein in desmoid tumors. Medium to high abundant levels of
WT1 mRNA were detected by TaqMan quantitative PCR in all
tested desmoids cells, whereas adjacent normal ﬁbroblasts showed
less expression of WT1. Western blot analysis and immunohistochemistry conﬁrmed this overexpression at the protein level. A
mutational screen of the WT1 zinc-ﬁnger region by sequence
analysis did not identify any mutations. Finally, we investigated a
possible role of ␤-catenin on WT1 regulation and vice versa.
Overexpression of different ␤-catenin mutants in the HEK293T
cell line did not modulate WT1 promoter activity and WT1 did not
affect ␤-catenin /TCF transcriptional activity in this cell line.
These results show that the wild-type WT1 gene is strongly overexpressed in ␤-catenin mutant desmoid tumors and may play a
role in tumorigenesis of desmoid tumors, similar to what has been
suggested in some epithelial malignancies.
© 2004 Wiley-Liss, Inc.
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Desmoid tumors, also called aggressive ﬁbromatosis, are benign
soft tissue tumors, composed of a clonal proliferation of ﬁbroblastlike cells. They presumably arise from fascia or musculo-aponeurotic structures and show a locally invasive and aggressive behavior. Although they do not metastasize, their locally inﬁltrative
growth leads to important morbidity and mortality. Little is known
about the pathogenesis of these tumors. Desmoids can occur as
sporadic lesions, or as a part of familial adenomatous polyposis
(FAP), which is caused by germ-line mutations in the adenomatous
polyposis coli (APC) gene. Our group and others1,2 have shown
previously that sporadic desmoid tumors all contain elevated levels
of ␤-catenin and that this is due to somatic mutations in either the
APC gene or in the ␤-catenin gene occurring in the tumor cells.
Using transgenic mice expressing conditional stabilized ␤-catenin, it was demonstrated recently that ␤-catenin stabilization in
ﬁbroblasts is sufﬁcient to cause aggressive ﬁbromatosis.3 ␤-catenin is a key component of the Wnt signaling pathway. Upon Wnt
signaling via the canonical pathway or through oncogenic mutations, the ␤-catenin protein is stabilized, accumulates, and translocates to the nucleus, where it interacts with members of the
TCF/Lef family of transcription factors to modulate the transcription of target genes.4 Four different members of the TCF family
have been detected in humans: TCF-1, Lef-1, TCF-3 and TCF-4.5
In colorectal cancer, nuclear ␤-catenin forms a complex with
TCF-4 and activates target genes, such as c-myc, cyclin D1,
MMP7, fra1, c-jun and PPAR delta.6 In desmoids similar tranPublication of the International Union Against Cancer

scriptional activity is found by a ␤-catenin /TCF3 complex,7 but
for yet unknown reasons the genes regulated in vivo by this
complex are different than those in colorectal cancer.8
Two independent studies have suggested that deregulation of the
Wnt signaling pathway plays a role in the genesis of some Wilms’
tumors. Maiti et al.9 reported ␤-catenin mutations in 21 of 153
(14%) of Wilms’ tumors conﬁrming an earlier observation showing ␤-catenin mutations in 6 of 40 (15%) Wilms’ tumors.10 In both
studies, the mutations involved phosphorylation sites that are critical determinants of ␤-catenin stability. Interestingly, the study by
Maiti et al.9 showed a highly signiﬁcant correlation between
␤-catenin mutations and Wilms’ tumor gene 1 (WT1) mutations;
19 of 20 ␤-catenin-mutant tumors had also sustained WT1 mutations and 50% of the tumors with WT1 mutations had a ␤-catenin
mutation. This overlap in mutation pattern suggests that these 2
genes may collaborate in the genesis of a subset of Wilms’ tumors.
Additionally a positive regulation of Wnt4 by WT1 has been
identiﬁed in kidney development.11,12 This possible relation between WT1 and Wnt pathway encouraged us to study WT1 expression in desmoid tumors.
To understand the possible interaction of WT1 and the Wnt
pathway in desmoids we ﬁrst established the expression proﬁle of
WT1 in desmoid tumors and compared it to that of adjacent normal
tissue (fascia) of the same patient. Mutation analysis of WT1 was
carried out on desmoid tumors. Finally, using a transient transfection system in HEK293T, we looked for a possible interaction
between WT1 and ␤-catenin at the gene expression and protein
level. The results will show that, although wild-type WT1 is
overexpressed at the mRNA and protein level in desmoids, no
evidence for a direct genetic interaction with the canonical Wnt
pathway (␤-catenin) could be found.

Material and methods
Cell lines and materials
The cell line HEK293T was obtained from the American Type
Tissue Culture Collection and was cultured in DMEM (Invitrogen,
Merelbeke, Belgium), supplemented with 10% FCS (HyClone,
Erebodegem-Aalst, Belgium), penicillin and streptomycin (Invitrogen, San Diego, CA) at 37°C with 5% CO2. The Anti-WT1
antibody (Ab-2 clone MWT12) was from NeoMarkers (Fremont,
CA) for Desmoid Western blot and the anti-WT1 antibody (clone
6F-H2, Dako, Carpinteria, CA) was used in the other experiments.
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Samples and cell cultures
Surgical resection specimens were obtained from patients undergoing surgery for desmoid tumor at University Hospital of
Leuven, Belgium. After resection of the tumor, part of the material
was immediately snap-frozen in liquid nitrogen and stored at
⫺80°C. Normal fascia was also collected from the resection
boundary. Formalin-ﬁxed and parafﬁn-embedded samples of all
tumors were stained with hematoxyline/eosine and examined histologically for the presence of tumor cells by a pathologist at our
University Hospital.
Primary cell cultures of 5 desmoid tumours were derived by
collagenase treatment of tissue biopsies and grown in DMEM
supplemented with 10% FCS. Normal fascia tissue at a safe margin
from the resection sides was also obtained and processed in an
identical manner. The cultures were split when conﬂuent and all
studies were carried out using cultures in passage 2. To conﬁrm the
tumoral origin of the cultured cells, all primary tumour cultures
were examined for the presence of nuclear ␤-catenin by immunohistochemistry and for transcriptional TCF-dependent activation
by TOP/FOP transfection experiments. Only tumor cultures demonstrating clear nuclear ␤-catenin and a signiﬁcant high TOP/FOP
ratio were used. Two of ﬁve tumours with elevated ␤-catenin that
we used in our experiments contained no ␤-catenin but APC
mutations. Desmoid tumors used in our study were assessed for
nuclear ␤-catenin and had an increased TOP/FOP ratio. In parallel,
fascia primary cultures were checked for the absence of nuclear
␤-catenin and transcriptional TCF-dependent activation.
RNA extraction
Total RNA was extracted from primary desmoid and fascia
cultures using the RNeasy kit (Qiagen), following the manufacturer’s instructions.
RT-PCR (TaqMan)
Quantitative PCR was carried out by ABI PRISM 7000 Sequence Detection Systems (Applied Biosystems, Foster City, CA).
After RNA extraction, as described above, cDNA was synthesized
using random primers (Amersham Pharmacia, Buckinghamshire,
UK) and SuperScript II (Life Technologies, Bethesda, MD).
Probes and primers were designed by Primer Express 1.0 (Applied
Biosystems). Sequences of the primers and probes are available
upon request. Using the TaqMan PCR kit (Eurogentec, Seraing,
Belgium), The PCR protocol was carried out as recommended by
Applied Biosystems. Basically, quantitative values are obtained
from the threshold cycle number at which the increase in the signal
associated with an exponential growth of PCR products starts to be
detected. Standard curves for targets and the housekeeping control
gene PBGD (Porphobilinogen Deaminase) were drawn by Excel
(Microsoft, Redmond, WA) upon the Ct (threshold cycle) values,
and the relative concentrations of the standards and the relative
concentrations for desmoid and fascia samples were calculated
from the detected Ct values and the equation of the curves. Values
obtained for targets were divided by the values of PBGD to
normalize for differences between samples.
Genomic contamination of the samples was checked by NAC
(no ampliﬁcation control) samples, which did not contain reverse
transcriptase enzyme during the cDNA preparation.
Northern blot
For Northern blotting, 25 g of total RNA was denatured in a
MOPS/formaldehyde/formamide buffer and run on a 1% agarose
gel. The RNA was transferred onto Hybond-N nylon membranes
(Amersham Pharmacia) overnight by capillary force. Speciﬁc
cDNA sequences of WT1 and PBGD were ampliﬁed by RT-PCR,
isolated and used as probes. After prehybridization, hybridization
was carried out overnight at 68°C in an ExpressHyb hybridization
solution (BD Biosciences, Palo Alto, CA) with a 32P-labeled
probe. Membranes were washed during 1 hr at 42°C with a 2xSSC,
0.1% SDS solution and during 1 hr at 62°C with a 0.1 ⫻ SSC,
0.1% SDS solution. After autoradiography, all Northern blots were
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stripped and hybridized with a cDNA probe for PBGD to control
for RNA loading and transfer efﬁciency.
Plasmids
The delta N89 ␤-catenin plasmid was a gift from Polakis (South
San Francisco, CA). This CMV-neo-bam vector lacks the ﬁrst 89
codons of the ␤-catenin gene crucial for protein degradation.
Expression vector for mutant ␤-catenin, S33-␤-catenin and S45␤-catenin (codon 33 and 45 substitution of tyrosine for serine)
were gift from Vogelstein (The Johns Hopkins University Medical
Institutions, Baltimore, MD). The WT1 promoter construct, containing the 800 nt human Wilms’ tumour gene 5⬘-ﬂanking region
(The WT1 promoter region spanning ⫺291 nt to ⫹509 nt), was a
kind gift from Dr. H. Soejima (Saga, Japan).
The WT1 gene constructs, composed of 4 different WT1 isoforms WT1 (⫺/⫺), WT1 (⫹/⫺), WT1 (⫺/⫹) and WT1 (⫹/⫹), were
provided by J. Pelletier (McGill University, Canada). The ﬁrst
alternative splice site (exon 5) consists of 17 amino acids
(VAAGSSSSVKWTEGDSN), and the second alternative splice
site consists of 3 amino acids (KTS).
Transfections
For transient transfections, HEK293T cells were plated into
6-well plates (1.5 ⫻ 105 cells/well) in DMEM supplemented with
10% FCS and grown to 60% conﬂuence. Next, cells were transiently transfected using Fugene (Roche Molecular Biochemicals,
Indianapolis, IN) following the manufacturer’s instructions. Total
DNA concentrations were kept constant with empty vector DNA
(PcDNA). At 30 hr after transfection, the cells were harvested and
luciferase activity was determined using the Promega luciferase
assay kit. All luciferase activity values were normalized to ␤-galactosidase values, which served as internal controls for the transfections. Transfections were carried out in triplicate and the
means ⫾ SD of at least 3 independent experiments are presented.
Western blot
Proteins were extracted from HEK293T cells and from desmoid
and fascia primary cultures to perform Western analysis with
anti-WT1 and anti-␤-catenin antibody. As a positive control,
HEK293T cells were transiently transfected with 500 ng of different human WT1 expression vectors.
Proteins were extracted from all cell types using NE-PCR:
nucleic and cytoplasmic extraction buffers (Perbio Science, Erembodegem, Belgium) following the manufacturer’s instructions to
divide nuclear and cytoplasmic protein extracts.
Protein samples were heated at 95°C for 10 min before they
were applied to gel electrophoresis on a 10% BisTris gel (Invitrogen). The size-fractionated proteins were electroblotted on Hybond-C-super nitrocellulose membranes (Amersham Biosciences)
for 90 min at 170 mA. The membranes were blocked with PBSTween 20 (0.1%), with 5% milk powder for 2 hr at room temperature and incubated with a different commercially available antiWT1 antibody. Western blot on desmoids samples were carried out
by using Wilm’s Tumor Protein (WT1) Ab-2 (Clone MWT12,
NeoMarkers) (1/1,500 dilution, 4°C overnight). Western blot on
HEK293T cells was carried out by using the N-terminal monoclonal mouse anti-human WT1 antibody, clone 6F-H2 (Dako) (1/
2,500 dilution, 4°C overnight); 6F-H2 recognizes a region in the
amino-terminal 84 aa of WT1. Mouse monoclonal (6C5) to
GAPDH (loading control; Abcam, Cambridge, UK) was used to
check the loading amount of each lane (1/10,000, dilution, 4°C
overnight).
After washing in PBS-Tween 20, the membranes were incubated with a second anti-mouse antibody (Goat anti-mouse) (1:
3,000 dilution) coupled to horseradish peroxidase (Prosan) and
washed again. Finally, immunoreactive bands were detected by
ECL according to the manufacturer’s instructions (Amersham Biosciences).
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Immunohistochemistry
The antigens for WT1 were retrieved by microwave treatment of
the dewaxed sections in urea buffer (0.8 M, pH 6.4) for 2 ⫻ 10
min. The sections were subsequently washed for 5 min with PBS,
incubated for 20 min in blocking serum and incubated overnight
with the WT1 antibody (C19, Santa Cruz Biotechnology, Santa
Cruz, CA; diluted 1:3,000). As negative control, tissue sections
were incubated with 0.1% BSA/PBS. The next day, the sections
were washed for 2 ⫻ 5 min with PBS, incubated with Biotinylated
secondary antibody for 30 min in blocking serum. After quenching
for 5 min with 3% H2O2, they were washed for 10 min in PBS, and
subsequently stained with ABC Vectastain reagent (Vector Labs,
Burlingame, CA; PK-6101) and DAB (Vector Labs, SK-4100)
according to the manufacturer’s instructions. The sections were
counterstained with Methyl Green.
Results
WT1 expression in Desmoid tumors
WT1 mRNA levels were measured quantitatively in primary
cultures of desmoid tumor cells and compared to those of nontumoral ﬁbroblasts of the same patient. The results were normalized to the levels of porphobilinogen deaminase (PBGD), a housekeeping gene. In 5 tumors analyzed the WT1 expression was 2–35
fold higher than in the respective fascia cells (Fig. 1a). The
expression of WT1 was also assessed and conﬁrmed in the primary
tumors (snap frozen material) using TaqMan analysis. WT1 expression in primary tumor samples was even found to be higher
(1.18 – 6.47-fold, 3 independent experiments) than in the corresponding cultures.
Northern blot analysis was carried out to validate the TaqMan
results. A major band of 3 Kb was detected in the desmoid
samples, whereas the fascia samples showed a weaker expression
signal (Fig 1b). RNA of the HTB182 lung carcinoma cell line was
used as positive control.
To conﬁrm at the protein level the observed overexpression of
WT1 at the mRNA level, Western blot analysis was carried out
with desmoid and fascia protein extracts. Using an anti-WT1
antibody, an approximately 54-KDa band was seen in all desmoid
samples. To better deﬁne the sublocalisation of WT1 in desmoids
tumor, the total protein extract was fractionated in a cytoplasmic
and a nuclear as mentioned in materials and methods and western
blot was carried out on both fractions. (Fig 1c). The results showed
that WT1 was mainly expressed in the nuclear fraction. The size
corresponded to the ⫹ exon 5 WT1 isoform. Quantitative PCR
showed that the majority (55–91%) of the WT1 mRNA, which is
expressed in desmoid tumors is the one with exon 5 (data not
shown).
Further analysis of WT1 expression at the protein level in
desmoid tumors was done by immunohistochemistry. The pattern
of WT1 expression by immunohistochemistry is mainly nuclear,
very little cytoplasmic staining was observed. Between 62–92% of
cells, depending on the sample analyzed and the area within the
samples, are positive for WT1 at detectable levels. No speciﬁc
staining pattern within the samples could be identiﬁed (Fig. 2a).
Mutation analysis of WT1 in desmoid tumors
Analogous to the mutations of WT1 found in Wilms’ tumors,
direct sequencing of genomic DNA was carried out on the last 4
exons of the WT1 gene where its 4 zinc ﬁngers are encoded. Each
exon was sequenced in 4 desmoids expressing high levels of WT1.
No mutations or deletions were detected.
Effect of ␤-catenin on WT1 expression
Stabilized ␤-catenin together with TCF transcription factors can
activate target genes containing TCF binding sites. In HEK293T
cells transient transfection of activated ␤-catenin constructs (S33,
S45, Delta.N.89 ␤-catenin) can effectively activate TCF/␤-catenin
dependent reporter constructs. These Top/Fop reporter constructs

FIGURE 1 – WT1 expression in Desmoid tumors. (a) Comparison of
WT1 expression between desmoid samples with respective fascia of
the same patient. Note that WT1 is upregulated in all 5 tested patients
(Pt). Each bar is the mean of 3 independent experiments. The SD is
indicated by a vertical line. (b) Northern Blot analysis of WT1 RNA in
2 desmoid samples (D) compared to control fascia (F) from the same
patients. Total RNA (25 g) from the cells was subjected to electrophoresis, transferred to nitrocellulose membranes, and hybridized with
a human WT1 probe. To conﬁrm equal loading of total RNA, the blot
was stripped and hybridized with a probe from the human PBGD gene,
which showed equal expression in all samples. (c) Western blot
analysis of WT1 expression by desmoid cells. Twenty micrograms of
a cytoplasmic and a nuclear protein fraction of 4 desmoid samples
were collected and subjected to immunoblot analysis with an anti-WT1
monoclonal antibody. To show the same amount of loading, the blot
was stripped and hybridized with a loading control antibody (GAPDH)
as described in material and methods. HEK293T cells were transfected
with 3 different WT1 construct (WT1⫺/⫺, WT1⫺/⫹, WT1⫹/⫹) as
positive controls and to visualize the WT1 isoform detected in desmoid
cells. The HEK293T blot was developed after 30 min of ECL reaction
to avoid a too strong messy band.

contain wild-type (WT) and mutated TCF-4 consensus binding
sites, respectively. Depending on the ␤-catenin construct used,
activation ratios between 35–55-fold were found (Fig. 3a).
To determine whether the expression of the WT1 promoter could
be modulated by ␤-catenin, the WT1 promoter was co-transfected
into HEK293T cells with different ␤-catenin mutant constructs.
Figure 3b shows that the WT1 luciferase reporter activity did not
change signiﬁcantly in response to ␤-catenin overexpression.
To analyze a potential interaction between ␤-catenin and WT1,
we overexpressed ␤-catenin in HEK293T cells. Using transient
transfection, overexpression of different ␤-catenin constructs did
not change the expression of WT1 at the RNA (data not shown)
and the protein level (Fig. 3c).
Effect of WT1 on ␤-catenin activity
Having shown that activated ␤-catenin does not inﬂuence the
expression of WT1, we next examined if WT1 expression could
have a modulating effect on ␤-catenin activity. Different WT1
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FIGURE 2 – WT1 protein localization in the desmoid cells. Immunohistochemistry showed that WT1 is expressed in desmoid cells, mainly
as a nuclear protein. Note that many desmoid cells reacted positively.

isoforms were overexpressed in the HEK293T cell line together
with TOP or FOP reporter constructs. Figure 4a shows that the
TOP/FOP reporter ratio did not change signiﬁcantly in response to
WT1 overexpression (p ⬎ 0.05).
Using transient transfection, over-expression of different WT1
constructs did not change ␤-catenin expression at the protein level
(Fig. 4b). This does not exclude an effect of WT1 on ␤-catenin at
the transcription level because the ␤-catenin could be degraded
due to an intact phosphorylation machinery in HEK293T cells. It
suggests that no connection exists between the degradation of
␤-catenin and WT1.
Discussion
We have shown previously that desmoid tumors contain ␤-catenin mutations in 75% of cases, APC mutations in 15% and yet
unknown mutations in the rest. All desmoid tumors, including the
mutation negative cases, have nuclear ␤-catenin and elevated TCF
transcriptional activity, indicative of Wnt signaling activation ratio.1,2
Although ␤-catenin is identiﬁed as a key molecule in desmoids,1,2 the molecular ﬁngerprint of desmoids still remains
largely unclear. It is not known which other signaling pathways
could be involved in these tumors. The Wilms’ tumor gene was
originally identiﬁed in Wilms’ tumor and plays a central role in
embryonic kidney development. WT1 is expressed at high levels
not only in most types of leukemia but also in various types of
solid tumors, including lung and breast cancer.13,14 Some reports
suggested that deregulation of the Wnt signaling pathway plays a
role in the genesis of some Wilms’ tumors. One group reported
␤-catenin mutations in 21 of 153 (14%) Wilms’ tumors9 conﬁrming an earlier observation showing ␤-catenin mutations in 6 of 40
(15%) Wilms’ tumors.10 In these studies, the mutations involved
phosphorylation sites that are critical determinants of ␤-catenin
stability. Interestingly, the study by Maiti et al.9 showed a highly
signiﬁcant correlation between ␤-catenin mutations and WT1 mutations; 19 of 20 ␤-catenin-mutant tumors had also sustained WT1
mutations and 50% of the tumors with WT1 mutations had a
␤-catenin mutation. This overlap in mutation pattern suggests that
these 2 genes operate in distinct pathways and may collaborate in
the genesis of a subset of Wilms’ tumors.
A positive regulation of Wnt4 by WT1 was suggested during
kidney development.11,12 It has been shown that mice with a
homozygous Wnt-4 null mutation (Wnt-4⫺/⫺) died within 24 hr of
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birth due to kidney failure.15 All neonatal and 18.5 days postcoitum (dpc) Wnt-4⫺/⫺ embryos have agenic kidneys showing a
small amount of undifferentiated mesenchyme interspersed with
branches of collecting duct epithelium.15 Despite some degree of
ureteric epithelium branching, the early mesenchymal condensates
failed to form pretubular aggregates. This absence of further development of any mesenchyme-derived structures suggested that
expression of Wnt-4 was important for the process of mesenchymal-epithelial transition (MET) during metanephric nephrogenesis. In these mice, early MET markers, including WT1, Pax2, and
N-myc, remained unchanged until 14 dpc suggesting that Wnt-4 is
downstream of these genes. WT1 is upregulated in expression at
the point of the mesenchyme to epithelial transition.16 The frequent
observation of persistent blastema and unsuccessful attempts at
epithelialization in Wilms’ tumors implicate WT1 in the same
pathway. This was conﬁrmed recently by the use of siRNAmediated knockdown of gene expression in kidney organ culture.12
It was found that a decrease in WT1 expression resulted in disturbance of nephrogenesis as observed in Wnt4 knockout mice. In
addition, Wnt4 siRNA treatment resulted in the same phenotype,
without a change in WT1 expression, suggesting WT1 is upstream
of Wnt4 but not vice versa. Moreover, it has been shown that
Wnt-4 expression levels decrease in the presence of a dominantnegative WT1 protein, implying that WT1 may positively regulate
Wnt4 during kidney development.11 Data on the pathways activated by Wnt4 (canonical, non-canonical or both) is at present
conﬂicting, but at least in chicken chondrogenesis Wnt4 seems to
be signaling via the canonical ␤-catenin mediated pathway.17 If
this is universally applicable, it might provide a link between WT1
and ␤-catenin deregulation in Wilms’ tumors.
Recently, it has been shown that in the Wilms’ tumor with WT1
mutations, the nuclear accumulation of ␤-catenin is associated
with rhabdomyogenesis.18 These ﬁndings prompted us to search
for mutations of WT1 and study the expression proﬁle of WT1 in
desmoid tumor as well as possible interactions of this protein with
␤-catenin. Direct sequencing of genomic DNA of the WT1 gene
was carried out to evaluate any possible mutation in this gene that
might lead to its overexpression. No mutation or deletion was
detected.
To determine the expression proﬁle of WT1 in desmoids, we
analyzed WT1 mRNA in cultured desmoid tumors and in the
respective fascia of the same patient. WT1 was overexpressed in
the desmoid cells compared to the respective fascia. Northern blot
analysis conﬁrmed the overexpression; this expression was about
70% compared to the HTB1382 lung cancer cell line.
The WT1 protein was detected in desmoids cells, mainly in the
nuclear fraction as indicated both by Western blot and immunohistochemistry.
The results of the mutation analysis suggest that WT1 somatic
mutations do not play a major role in the overexpression of WT1
found in desmoid tumors and also are in keeping with the current
hypothesis that overexpression of the wild-type WT1 gene plays an
important role in the tumorigenesis of some primary cancers.
Quantitative PCR, using 2 sets of primers and probes, one with
the sequence of exon 5 showed that the majority (55–91%) of
WT1, which is expressed in desmoid cells, is the one with exon 5.
It is known that there are 4 major isoforms of WT1 represented by
2 alternative splice sites.19 –21 The ﬁrst alternative splice site either
includes or excludes 17 amino acids encoded by exon 5 and is only
expressed in mammals.
The function of this domain is not clear because mice engineered to express WT1 isoforms without exon 5 develop normally
and are fertile.22 The second alternative splice site occurs in intron
9 and includes or excludes 3 amino acids, KTS. In vitro, WT1
isoforms without KTS (WT1 [⫺KTS]) bind DNA and regulate
transcription whereas those with the KTS (WT1 [⫹KTS]) insertion
primarily regulate RNA processing but not gene activity.
To explain the overexpression of WT1 in desmoids, we
studied potential genetic interactions between WT1 and ␤-cate-
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nin. Both are overexpressed in these tumors and potential
interactions between WT1 and Wnt signaling (of which ␤-catenin is the downstream effector) have been described during
embryonic development of the kidney. ␤-catenin is a transcriptional co-activator, known to regulate target gene expression
together with the TCF/Lef family of transcription factors. We
evaluated if the WT promoter was sensitive to ␤-catenin regulation. Promoter reporter assays of the WT1 promoter showed
that different mutant or deleted ␤-catenin constructs did not

FIGURE 4 – Effect of WT1 on ␤-catenin activity. (a) TCF transcriptional activity in transfected HEK293T cells. The ratio is the ratio of
pTOPFLASH/pFOPFLASH luminescence normalized for transfection
efﬁciency by using ␤-galactosidase expression vector, which served as
internal controls for the transfections. Each bar gives the mean and SD
of at least 3 independent experiments. The overexpression of WT1 did
not modulate the TOP/FOP ratio signiﬁcantly. (b) Western blot analysis of WT1 and ␤-catenin expression in transfected HEK293T cells.
Ten micrograms each of nuclear protein extract of transfected and
non-transfected HEK293T cells were subjected to immunoblot analysis, by probing with an anti-WT1 monoclonal antibody. The blot was
stripped and hybridized with an anti-␤-catenin and a loading control
antibody (GAPDH) as described in material and methods. HEK293T
cells were transfected with 3 different WT1 constructs (WT1 (⫺/⫺),
WT1 (⫺/⫹) and WT1 (⫹/⫹) and harvested after 20 hr. Harvesting the
transfected cells after 40 hr did not affect the results (data not shown).
WT1 did not change the level of ␤-catenin protein. Similar experiments
were carried out on cytoplasmic extracts with the same results (data
not shown).
FIGURE 3 – Effect of ␤-catenin on WT1 expression. (a) TCF transcriptional activity in transfected HEK293T cell line. Ratio of luminescence is the ratio of pTOPFLASH/pFOPFLASH when normalized
for transfection efﬁciency. Each bar gives the mean and SD of at least
3 independent experiments. Note that overexpression of ␤-catenin can
increase TOP/FOP ratio from 4.8- to 35–55-fold. (b) WT1 promoter
luciferase assays. Luciferase transfection assays with WT1 promoter
were carried out in HEK293T cells as described in Material and
Methods. The control was transfected with the empty PcDNA vector
and was set arbitrarily to one. None of the ␤-catenin constructs
signiﬁcantly modulated the WT1 promoter activity. (c) Western blot
analysis of WT1 expression in transfected HEK293T cells. Ten micrograms of nuclear protein extract of transfected and non-transfected
HEK293T were subjected to immunoblot analysis by probing with an
anti- WT1 monoclonal antibody. To show the same amount of loading,
the blot was stripped and hybridized with an antibody against GAPDH
as described in material and methods. HEK293T cells were transfected
with 3 different ␤-catenin constructs (S33-␤-catenin, S45-␤-catenin
and DeltaN-89-␤-catenin). ␤-Catenin did not change the expression of
WT1. Similar experiments were done on cytoplasmic extracts with
similar results (data not shown).
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modulate WT1 promoter activity in HEK293T cells, while they
stimulated TCF/␤-catenin reporter constructs in these cells
(Fig. 3). Thus a direct effect of ␤-catenin on WT1 expression
seems unlikely. Little information is available regarding the
molecular mechanisms responsible for regulating the expression of the WT1 gene. Transcription factor Sp1 fulﬁlls an
important role in controlling WT1 gene expression.23 Additional
transcription factors involved in activation of the WT1 gene are
nuclear factor-B, PAX2, and PAX8.24 –26 Furthermore, WT1 is
capable of autoregulating its own expression in a negative
manner.27 Finally, phosphorylation of WT1 interferes with its
nuclear translocation, as well as with DNA binding, thus providing an additional level of regulation of WT1 action.28 To
detect any indirect effect of ␤-catenin on WT1, we overexpressed ␤-catenin constructs in HEK293T cell line. Western
blot analysis on harvested cells after 20 and 40 hr of transfection demonstrated that ␤-catenin did not change the expression
of WT1 at the protein level (Fig. 3). Taken together, these
results suggest that the ␤-catenin/TCF complex might not be
directly involved in WT1 expression or inﬂuence the stability of
the protein.
The reverse hypothesis was examined to see whether WT1 could
modulate ␤-catenin. Different WT1 isoforms did not change the
TOP/FOP ratio in HEK293T cells (Fig. 4), suggesting that no
direct effect of WT1 on the ␤-catenin -TCF complex occurred at
the transcriptional level. A similar negative effect was observed at
the protein level (Fig. 4). It is known that a GC-rich DNA sequence, GCGGGGGCG, is recognized by WT1,29 and the promoters of genes containing this sequence such as EGR1,30 c-myc,31
WT1,27 and PAX232 have been shown to be regulated by WT1 in
vitro. Data on in vivo relevance of these genes as downstream
targets of WT1 is surprisingly scarce.

There is not enough evidence to show a direct oncogenic contribution of WT1 to the pathogenesis of desmoid tumors. More
efforts are in progress to determine other possible interactions of
WT1 and the Wnt pathway.
In conclusion, expression proﬁles of desmoid cells exhibited
that wild-type WT1 is upregulated in this tumor. The mechanism of
this upregulation is as yet unclear, as is the case for other tumors
in the literature shown to contain elevated levels of WT1.13,14
Our ﬁndings of WT1 overexpression in tumoral ﬁbroblasts add
to the growing spectrum of mainly epithelial tumors containing
high levels of WT1. The exact role of WT1 in tumorigenesis
remains to be elucidated. In addition, our ﬁndings in desmoid
tumors provide an additional example of coexistence of WT1 and
Wnt/␤-catenin signaling in a single model, such as already described during kidney development. Although our study could not
show any mechanism of direct interaction between these pathways,
this might be due to limitations of our in vitro analysis. Further
functional analyses of these pathways in model systems are warranted.
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