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Wilms tumor (WT) is the most common renal malignancy in children and the fourth most common pediatric 
solid malignancy in the US. Although the mechanisms underlying the WT biology are complex, these tumors 
most often demonstrate activation of the canonical Wnt/b-catenin pathway. We and others have shown that 
constitutive activation of b-catenin restricted to the renal epithelium is sufficient to induce primitive renal 
epithelial tumors, which resemble human WT. Here we demonstrate that pharmacologic inhibition of b-catenin 
gene transcription with pyrvinium inhibits tumor growth and metastatic progression in a murine model of WT. 
Cellular invasion is significantly inhibited in both murine WT-like and human WT cells and is accompanied by 
downregulation of the oncogenes Myc and Birc5 (survivin). Our studies provide proof of the concept that the 
canonical Wnt/b-catenin pathway may be a novel therapeutic target in the management of WT.
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INTRODUCTION

Wilms tumor (WT) is the most common renal malig-
nancy in children1,2. Multimodal therapy, including cyto-
toxic chemotherapy, can cure the majority of children 
with WT, but at the cost of long-term toxicity3–9. Children 
who suffer from recurrent WT often do not respond to 
second-line therapy, and a significant proportion will die 
of their disease. Therefore, novel therapeutic approaches 
are needed to reduce the injurious effects of primary ther-
apy while maintaining efficacy as well as improving out-
comes among patients with recurrent disease. Identifying 
such novel targeted therapeutics requires a deeper under-
standing of the molecular pathways driving WT growth 
and progression.

WTs are triphasic, primitive renal epithelial malignan-
cies that are thought to arise from primitive nephrogenic 
mesenchyme. The genetic alterations most commonly 
associated with WT include inactivating mutations of 

Wilms tumor 1 gene (WT1)10,11, Wilms tumor gene found 
on chromosome X (WTX)12–14, and stabilizing/activating  
mutations of b-catenin (CTNNB1)15,16. The precise mech-
anism by which these mutations lead to WT is not known, 
but they share the ability to activate the canonical b-catenin 
pathway15,17–19.

The canonical b-catenin pathway plays a central role 
in the transcriptional regulation of a range of critical 
processes including cellular growth, differentiation, and 
development20,21. It has been implicated in the pathogen-
esis of several malignancies in addition to WT, includ-
ing colon, breast, hepatocellular, and prostate cancers. 
Within the cytosol, b-catenin either associates with cad-
herin in the cellular membrane or exists in a free form. 
Normally, free b-catenin is tightly regulated by a degra-
dation complex that includes Axin, WTX, GSK3b, and 
the APC protein. In the resting state, excess b-catenin is 
phosphorylated at its N terminus and thereby marked for 
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subsequent ubiquitination and proteasomal degradation. 
Wnt-related signaling interrupts this degradation, allow-
ing b-catenin to accumulate within the cytosol, translocate 
to the nucleus, and there interact with the TCF/LEF fam-
ily of transcription factors to promote gene expression22.

In cancer, aberrant activation of the canonical b-catenin 
can occur through a variety of different mechanisms. The 
prototypical example is the loss of APC protein in familial 
adenomatosis polyposis leading to colon polyps and colon 
cancer. In sporadic WT, mutations in critical N-terminal 
serine/threonine residues that can prevent b-catenin’s phos-
phorylation and degradation have been identified15. We 
and others have shown that such an activating mutation of 
b-catenin (Ctnnb1) is sufficient to induce renal epithelial 
tumors that resemble human WT23–25. We have shown that 
coordinate activation of Ras with b-catenin leads to rapidly 
progressive, metastatic tumors that demonstrate markedly 
increased canonical b-catenin pathway activation23,24. In a 
large series, similar activation has been demonstrated in the 
majority of human WT26–28. Collectively, this suggests that 
the canonical b-catenin pathway may represent a potential 
therapeutic target in WT, particularly in those patients with 
more advanced or high-risk disease.

Prior attempts to target the b-catenin pathway have 
been hampered by unacceptably high toxicity and poor tol-
erability. However, a well-tolerated oral agent, pyrvinium 
pamoate, which is approved for use as an antihelmintic, 
has recently been shown to inhibit b-catenin transcription 
through the activation of casein kinase 1a (CK1a)29. In 
preclinical models, pyrvinium has shown activity against 
other tumor types associated with canonical b-catenin 
pathway activation including breast cancer and intestinal 
polyposis30,31. Whether such an inhibitor of b-catenin sig-
naling would be effective in the management of WT has 
not been tested.

We show that pyrvinium can block tumor growth 
and metastatic progression in a murine model of WT. 
Pharmacologic inhibition of b-catenin transcription abro-
gated Matrigel invasion in both murine WT-like (Kras/
Catnb) and human WT (WiT49) cells in vitro while inhib-
iting cellular turnover in Kras/Catnb cells and migration 
and colony formation in WiT49 cells. This was associated 
with downregulation of the oncogenes Myc and Birc5, 
both target genes of canonical b-catenin activation that 
have been associated with the development and progres-
sion of human WT.

MATERIALS AND METHODS

Antibodies and Reagents

Antibodies used for immunohistochemistry (IHC)  
and/or Western blot were as follows: actin (Sigma-Aldrich,  
St Louis, MO, USA), Axin 2 and c-Myc (Abcam, Cam-
bridge, MA, USA), FoxA2 (Santa Cruz Biotechnology, 

Dallas, TX, USA), Ki-67 (DAKO/Agilent; Dako, Den-
mark), survivin and cleaved caspase 3 (Cell Signaling 
Technology, Boston, MA, USA). Pyrvinium was pur-
chased from Sigma-Aldrich (#P0027).

Pyrvinium Treatment of Orthotopically  
Grafted WT Cells

To prepare the grafts, 105 Kras/Catnb cells were 
trypsinized, pelleted, and then resuspended in 60 µl of 
neutralized rat tail collagen as described previously32. 
Two collagen grafts were surgically placed in the sub-
renal capsule of the left kidney of 7- to 8-week-old male 
athymic mice (Hsd:Athymic Nude-Foxn1nu; Harlan Lab-
oratories, Indianapolis, IN, USA). The mice were allowed  
to recover for 14 days and then given a dose of 0.1 mg/kg  
of pyrvinium or control solution (DMSO and saline) via 
intraperitoneal (IP) injection. Mice were given gradu-
ally increased doses of 0.2 mg/kg at day 3, 0.4 mg/kg 
at day 6, 0.6 mg/kg at day 8, 0.8 mg/kg at day 10, and 
1.0 mg/kg at day 13. Mice were then given the full dose 
of 1.0 mg/kg or control injections three times per week 
until the termination of the experiment. After a total treat-
ment time of 3 weeks, mice were sacrificed, the kidneys 
and lungs were harvested, and both the grafted and con-
tralateral nongrafted control kidneys were weighed. The 
tumor weight was expressed as the total weight of the 
grafted kidney normalized to its contralateral control as 
previously described33. Lung metastases were manually 
counted after hematoxylin and eosin (H&E) staining 
using three serial sections at two different depths within 
the lung tissue (six sections for each lung per mouse).

Histology and Immunohistochemistry

Murine kidneys were harvested, fixed in 10% buffered 
formalin, processed, and paraffin embedded. Sections 
were either stained with H&E or subjected to immuno-
histochemistry (IHC). For IHC, the slides were incubated 
with primary antibodies and then exposed to biotiny-
lated secondary antibody followed by incubation with an 
ABC-HRP complex (Vector Laboratories, Burlingame, 
CA, USA) and then with liquid 3,3¢-diaminobenzidine 
tetrahydrochloride (DAB; DAKO liquid DAB + substrate 
chromogen system; Carpinteria, CA, USA). Stained sec-
tions were photographed and processed using a Zeiss 
AX10 Imager.M1 microscope and AxioVision Release 
4.6 software.

Cell Viability Assay

Cell viability was determined using the MTS method 
(Promega, Madison, WI, USA) using the manufacturer’s 
protocol. In brief, cells were seeded into 96-well culture 
plates, grown overnight, and treated as indicated. MTS/
PMS solution was added for 1 h, and absorbance at 
490 nm was measured. All experiments were completed  
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in triplicate, and the results were provided as the mean ±  
the standard error (SE).

Tritiated Thymidine Incorporation

Cells were seeded onto 35-mm dishes and treated as 
indicated. Tritiated thymidine was added, and the cells were 
incubated for 2 h. The medium was removed, and the cells 
were incubated with 10% TCA solution, washed twice, and 
incubated with 0.2 N NaOH. Aliquots were combined with 
scintillation fluid and counted on a scintillation counter. 
All experiments were completed in triplicate.

Cellular Migration/Wound Healing Assay

Cells were grown in six-well plates to 100% con-
fluence and pretreated with reduced serum (1% FBS) 
medium overnight. Medium was removed, and several 
parallel scratch lines (wounds) were made with a sterile 
200-µl pipette tip. Dislodged cells and debris were gen-
tly removed by washing with PBS and serum-reduced 
media with or without inhibitors added. Baseline images 
of the same spots (at least four per well) were captured 
imme diately and 6, 16, 24, and 48 h after scratching. The 
distance between wound borders was measured using 
cellSens software (Olympus Corp., Tokyo, Japan) as the 
average of 15 parallel lines connecting cells across the 
wound. The average ± SE difference was then calculated. 
Each experiment was repeated in triplicate.

Cellular Invasion Assay

BD BioCoat™ Matrigel™ Invasion chambers (Cat. 
No. 354480; BD Biosciences, Bedford, MA, USA) were 
utilized according to the manufacturer’s protocol. After 
warming and rehydration, 105 cells were seeded with 
inhibitors or vehicle in serum-free cell culture medium in 
the upper chamber/inserts, and full serum medium with 
the same inhibitor was placed into the lower chamber/
wells and incubated for 24 h. Inserts were then removed 
and fixed in 10% neutral-buffered formalin and stained 
with Mayer’s hematoxylin. Cells on the inner aspect of 
the insert were removed with a cotton swab, while cells 
on the outer membrane were counted by cutting out the 
insert and mounting them on a slide with a coverslip 
and allowed to dry overnight. Ten nonoverlapping pic-
tures were captured for each membrane using cellSens 
Life Science Imaging Software (Olympus Corp.). Cells 
were then counted using the same software, and the 
mean ± SE was calculated. Each experiment was repeated 
in triplicate.

Colony Formation in Soft Agar

Six-well plates were coated with a 1:1 mix of 1.6% 
sea plaque agarose (Cambrex Bio Science, Rockland, 
ME, USA) and 2´ cell culture medium (with all additives 
and 2´ serum) and allowed to solidify. A mix of 2´ cell 

culture medium, sea plaque agarose, and 5,000 cells with 
inhibitors or vehicle in 1´ cell culture medium (ratio 1:1:2 
by volume) was plated above the soft agar coat, allowed 
to solidify, and incubated at 37°C for 4 weeks. The total 
number, size, and density of colonies were captured using 
the GelCount™ system (Oxford Optronix, Abingdon, UK) 
that includes the digital image capture and analysis soft-
ware. Each experiment was repeated three times with rep-
resentative results shown.

Immunoblotting

Cells were washed and dissolved in lysis buffer [made 
fresh from a 6´ stock solution of 2 M Tris-HCl (pH 6.8), 
20% SDS, glycerol, and protease inhibitors] and sonicated. 
Cell lysates were cleared by centrifugation. Protein concen-
tration was determined using the Bio-Rad protein assay and 
then subjected to SDS-PAGE, transferred to Immobilon-P 
transfer membranes (Millipore Corp., Boston, MA, USA), 
and subjected to immunoblot analysis utilizing standard 
methods using the antibodies listed previously.

RT-PCR

cDNA was synthesized using Superscript reverse tran-
scription (RT) reagents (Life Technologies, Grand Island,  
NY, USA). Real-time PCR was performed using Lumino 
Ct® SYBR® Green qPCR ReadyMix™ (Sigma-Aldrich) 
and CFX96 Touch Real-Time System (Bio-Rad, Hercu-
les, CA, USA) according to the manufacturer’s instruc-
tions. The mouse primers were as follows: Gapdh, 5¢-A 
CCACAGTCCATGCCATCAC-3¢ (forward) and 5¢-CA 
CCACCCTGTTGCTGTAGCC-3¢ (reverse) (100 ng of 
cDNA); Axin2, 5¢-GGACAGTAGCGTAGATGGAG-3¢  
(forward) and 5¢-CGGAAAATGAGGTAGAGACA-3¢ 
(reverse) (100 ng of cDNA): Foxa2, 5¢-AGCACCAT 
TACGCCTTCAAC-3¢ (forward) and 5¢- CCTTGAGG 
TCCATTTTGTGG-3¢ (reverse) (50 ng of cDNA); Myc, 
5¢-CGACTACGACTCCGTACAGC-3¢ (forward) and 
5¢-GTAGCGACCGCAACATAGGA-3¢ (reverse) (50 ng  
of cDNA); and Birc5, 5¢-ACCGAGAACGAGCCTGA 
TTT-3¢ (forward) and 5¢-GCTGCTCAATTGACTGA 
CGG-3¢ (reverse) (50 ng of cDNA). For each reaction, 
the annealing temperature was 65°C using the indicated 
amount of cDNA per reaction. Comparisons of expression 
by RT-PCR across groups were done using the 2−DDCT 
method34. Analysis was completed using GraphPad Prism 
v5.02 (La Jolla, CA, USA).

Statistical Analysis

Descriptive statistics were expressed as the mean ± SE. 
Proportional differences were compared using contingency 
tables and Fisher’s exact test. Comparisons of continuous 
variables were done with Mann–Whitney test or one-way 
ANOVA and Kruskal–Wallis test. All tests were completed 
using PRISM 5.0d© (GraphPad Software Inc.).
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RESULTS

Inhibition of β-Catenin Transcription Decreases  
Tumor Growth and Metastatic Progression  
in a Murine Model of WT

To test whether pharmacologic inhibition of b-catenin 
transcription can inhibit growth and metastatic disease 
progression, we grafted murine renal epithelial cells with 
activating mutations of both Kras and b-catenin (Kras/
Catnb cells) under the renal capsule of nude mice as 
previously described33. We have previously shown that 
when grafted orthotopically, these cells grow into tumors, 
metastasize to the lung, and recapitulate many of the fea-
tures of human WT33. Compared to placebo-treated con-
trol, 4 weeks of pyrvinium treatment significantly reduced 
the size of the primary tumors (Fig. 1). It also profoundly 
reduced the number and size of the lung metastases seen 
at necropsy (Fig. 2). This was due to inhibition of tumor 
growth as assessed by Ki-67 staining (Fig. 3A and B). 
However, there was no appreciable difference in apo-
ptotic cell death as assessed by cleaved caspase 3 staining 
(Fig. 3C and D). Importantly, pyrvinium treatment was 

well tolerated, and no mice demonstrated signs of toxicity 
due to the therapy.

Pyrvinium Significantly Reduces Cell Growth  
and Invasion While Modestly Decreasing  
Cellular Migration and Colony Formation  
in a Murine Model of WT

To test which cellular processes are modulated by the 
canonical b-catenin pathway to drive tumor growth and 
metastatic disease progression, we assessed the effect of 
pyrvinium on Kras/Catnb cells in vitro. Compared to the 
control, pharmacologic inhibition of b-catenin transcrip-
tion with pyrvinium significantly reduced the growth 
kinetics of Kras/Catnb cells over time as assessed by the 
MTS assay (Fig. 4A). This was accompanied by profound 
inhibition of cell proliferation as measured by tritiated 
thymidine incorporation (Fig. 4B). Both cellular migra-
tion and invasion are important measures of a tumor cell’s 
metastatic potential. Inhibition of b-catenin transcription 
had a profound dose-dependent effect on cellular inva-
sion when assessed by Transwell invasion assay (Fig. 4D) 

Figure 1. Pyrvinium decreases tumor growth and metastatic progression in a murine model of Wilms tumor (WT). Murine Kras/
Catnb cells were orthotopically grafted into the subrenal capsule of nude mice and allowed to grow for 2 weeks. Mice were treated 
for 3 weeks with intraperitoneal (IP) injections of pyrvinium or vehicle control. Kidneys and lungs were harvested, weighed, and 
fixed in formalin. Hematoxylin and eosin (H&E) staining showed significantly larger tumors in vehicle-treated controls (A) compared 
to pyrvinium-treated (B) animals (image shown is 4´, scale bar: 500 µm; inset shows 20´ image, scale bar: 100 µm). (C) Tumor 
weight was calculated by weighing the tumor-bearing kidney normalized by the contralateral control/nongrafted kidney from the same 
mouse. Pyrvinium-treated mice (n = 11) had significantly smaller tumors (median: 0.998 g) compared to vehicle control (n = 12, mean: 
2.488 g). *p = 0.0005.



INHIBITION OF b-CATENIN WITH PYRVINIUM IN WILMS TUMOR 1657

but only modestly affected cellular migration (Fig. 4C). 
Colony formation in soft agar by Kras/Catnb cells was 
also moderately affected by pyrvinium (Fig. 4E). Taken 
together, this suggests that pharmacologic inhibition of 
b-catenin transcription significantly inhibits Kras/Catnb 
cellular proliferation and invasion while also affecting 
migration and colony formation in soft agar.

Inhibition of β-Catenin Transcription With Pyrvinium 
Decreases Expression of Myc and Birc

To define candidate molecular pathways that may 
drive metastatic potential in murine WT-like cells, we 
examined the protein expression of canonical b-catenin 
target genes inhibited by pyrvinium in Kras/Catnb cells. 
Axin2 and Foxa2 are both prototypical downstream tar-
gets of Wnt/b-catenin, and their expressions were both 
inhibited by pyrvinium, thus confirming inhibition of the 
canonical Wnt/b-catenin pathway (Fig. 5A). Interestingly, 

the protein level of oncogenes Myc and Birc5 were also 
reduced by exposure to pyrvinium (Fig. 5A). We con-
firmed that mRNA expression was inhibited through 
RT-PCR of Axin2, Foxa1, Myc, and Birc5 in pyrvinium-
treated Kras/Catnb cells relative to the control (Fig. 5B). 
This suggests that pyrvinium treatment, which decreases 
cellular oncogenic potential, inhibits b-catenin transcrip-
tion and downregulates potentially critical b-catenin- 
targeted oncogenes.

Pyrvinium Impairs Human WT Cellular Invasion, 
Migration, and Colony Formation and Is Associated 
With Reduced Myc and Survivin Expression

To confirm these observations in a human cell line, 
we tested pyrvinium’s effect on the WT cell line WiT49. 
Similar to Kras/Catnb cells, pharmacologic inhibition of 
b-catenin profoundly reduced cellular invasion (Fig. 6D) 
in a dose-dependent fashion. There was also significant 

Figure 2. Pyrvinium decreases lung metastases from Kras/Catnb orthotopic tumors. Mice bearing orthotopic subrenal grafts of Kras/
Catnb cells were treated with pyrvinium or vehicle control for 3 weeks, and the lungs were harvested, fixed, and H&E stained. There 
were fewer lung metastases (arrows) in pyrvinium-treated mice (B) compared to vehicle control (A). The image shown is 4´, scale bar: 
500 µm; inset shows 20´ image of the area outlined. The mean number of metastases (C) was significantly lower in the pyrvinium-
treated mice (mean: 1.67, SD: 1.23 in 11 mice) compared to vehicle control (mean: 9.18, SD: 5.91 in 12 mice). *p < 0.0001.
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inhibition of cellular migration (Fig. 6C) and colony for-
mation in soft agar (Fig. 6E). There was less effect on cel-
lular growth kinetics (Fig. 6A) and no appreciable effect 
on cellular proliferation (Fig. 6B). As with Kras/Catnb, 
protein expression of the canonical Wnt/b-catenin target 
genes Axin2 and Foxa2 was significantly inhibited by 
pyrvinium in human Wit49 cells as well as the oncogenes 
Myc and Birc5 (survivin).

DISCUSSION

The canonical b-catenin pathway is activated in the 
majority of human WT26–28, and an activating mutation 
is sufficient to induce WT in mice23–25. Tumor growth 
and metastatic progression are accelerated by coordinate 
activation of Ras, which is associated with increased 
b-catenin activation23. This suggests that b-catenin plays 
an important role in WT progression. Here we show that 
a well-tolerated oral inhibitor of canonical b-catenin tran-
scription, pyrvinium, can inhibit growth and metastatic 
disease progression in a murine model of WT. We show 
that pyrvinium inhibits invasion of both murine WT-like 

and human WT cells in vitro and downregulates the Myc 
and Birc5 oncogenes in a dose-dependent fashion. This 
suggests that inhibition of b-catenin transcription could 
be a useful therapeutic target in the management of 
human WT.

Pyrvinium is a quinoline-derived cyanine dye that was 
originally approved for use in the 1950s for the manage-
ment of enteric infections with the pinworm Enterobius 
vermicularis35. More recently, studies have suggested 
that it may be a useful antineoplastic agent that has an 
inhibitory effect in pancreatic and colon cancers as well 
as synovial sarcoma models36–38. It has been shown to 
synergize with cytotoxic chemotherapeutic agents such 
as doxorubicin and 5-FU to induce apoptosis in tumor 
cell lines29,37. The antineoplastic effect in colon cancer 
cells was shown to be due, at least in part, to its ability 
to inhibit canonical Wnt/b-catenin activation through the 
activation of CK1a, although it should be acknowledged 
that pyrvinium could have additional off-target effects29. 
Although CK1a is involved in the phosphorylation and 
degradation of b-catenin in the cytosol, in the nucleus it 

Figure 3. Pyrvinium abrogates cellular growth but not apoptosis of Kras/Catnb orthotopic grafts. Orthotopic subrenal capsular tumors 
from Kras/Catnb cells treated with pyrvinium or vehicle control were harvested, fixed, and subjected to immunohistochemistry (IHC). 
Tumors from pyrvinium-treated mice had less growth by staining for Ki-67 (B) than vehicle-treated controls (A). The levels of apo-
ptosis assessed by IHC for cleaved caspase 3 were low for both pyrvinium-treated (D) and vehicle control-treated (C) mice. Images 
shown are 20´, scale bar: 100 µm.
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also acts to lower levels of Pygopus, an important tran-
scriptional regulator of b-catenin. Pyrvinium was shown 
to inhibit Wnt signaling using an assay that measures sec-
ondary axis formation of Xenopus embryos and, consis-
tent with the current study in WT cells, expression of the 
Myc oncogene in colorectal cancer cells29. While we have 
not formally tested that these mechanisms are identical in 

our model system, we also observed downregulation of 
the canonical Wnt/b-catenin target genes Axin2, Foxa2, 
Birc5, and Myc.

Collectively, these studies present proof of the con-
cept that drugs such as pyrvinium might be novel anti-
neoplastic agents, either on their own or in combination 
with cytotoxic chemotherapeutics. Indeed, several studies 

Figure 4. Pyrvinium significantly reduced cell growth and invasion in a murine model of WT. Kras/Catnb cells treated with pyrvinium 
showed significant inhibition of cellular kinetics by MTS assay (A) and cell proliferation by tritiated thymidine incorporation (B) when 
compared to control. There was also significant, dose-dependent inhibition of cellular invasion (D) and a more modest effect on migra-
tion (C) and colony formation in soft agar (E). All experiments were done in 1% FBS, repeated in triplicate, and representative results 
are shown. *p < 0.05.
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have suggested that Wnt inhibition might be useful in 
other contexts such as orthopedic injuries or cardiovascu-
lar disease39–41. However, the poor oral bioavailability of 
pyrvinium, while completely appropriate to treat enteric 
helminthic infections, represents a significant barrier to 
its use in patients for other purposes. Our studies used 
an IP injection of pyrvinium in mice, but such alternative 
routes of administration in humans have not been exten-
sively studied. In an effort to overcome these barriers, 
there have been small-molecule screens that have sug-
gested that other potential inhibitors of b-catenin pathway 
exist and can be effective42–44. For example, PRI-724 is an 
antagonist of canonical b-catenin transcription that inhib-
its the interaction between b-catenin and cAMP response 
element-binding protein (CREB)-binding protein (CBP). 
It has been shown to be tolerated in human phase I stud-
ies with planned phase II efficacy studies in combination 
with the anti-VEGF antibody bevacizumab planned for 
patients with metastatic colorectal carcinoma42,44. Another 

small-molecule inhibitor, CWP232291, which binds to 
Src-associated substrate in mitosis of 68 kDa (Sam68), 
has been found to inhibit canonical b-catenin transcription 
and is being tested in a phase I toxicity trial for patients 
with hematologic malignancies42,43. Whether such agents 
have a role in WT or other malignancies remains to be 
determined, but our studies offer proof of the principle 
that such investigations are warranted.

We found that pyrvinium consistently decreased cellu-
lar invasion in vitro in both murine and human WT cell 
lines and could also inhibit cellular migration, prolifera-
tion, and colony formation. This is consistent with stud-
ies showing that the canonical Wnt/b-catenin pathway 
plays an important role in cellular migration and invasion 
in multiple tumor types including breast, prostate, gas-
tric, hepatocellular, lung, and thyroid carcinoma cells45–51. 
Pyrvinium has been shown to inhibit b-catenin-driven 
gene transcription, but multiple different mechanisms can 
inhibit the Wnt/b-catenin pathway including interruption 

Figure 5. Pyrvinium inhibits expression of the b-catenin target genes Axin2, Foxa2, Myc, and Birc5 in Kras/Catnb cells. Immunoblot 
shows decreased Axin2, FoxA2, c-Myc, and survivin (Birc5) in cells maintained in 1% FBS and treated with pyrvinium (A). Decreased 
gene transcription was confirmed by reverse transcription polymerase chain reaction (RT-PCR) normalized to expression of Gapdh 
(B). All experiments were done in triplicate with representative results shown. *p < 0.05.
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of Wnt interaction with the Frizzled/LRP receptor45,46,50, 
decreasing Wnt ligands49, abrogating b-catenin degrada-
tion51, or altering b-catenin’s interaction with transcription 
factors in the nucleus affecting gene transcription48. This 
suggests that drug targeting could be tested at a variety of 

different points in the Wnt/b-catenin signaling cascade, 
making this a fruitful future direction in cancer therapy, 
including in WT.

We show that treatment of murine and human WT cells 
with pyrvinium downregulates both Myc and Birc552,53. 

Figure 6. Pyrvinium significantly reduces cell migration, invasion, and colony formation in human WiT49 cells. Treatment with 
pyrvinium significantly reduced cellular migration (C), invasion (D), and colony formation (E) of human WT cells (WiT49). Cellular 
growth by MTS assay (A) was only modestly affected, while there was no appreciable effect on cell proliferation as measured by 
tritiated thymidine incorporation (B). Immunoblot showed decreased expression of Axin2, FoxA2, c-Myc, and survivin in WiT49 cells 
after pyrvinium exposure (F). All experiments were done in triplicate with representative results shown. *p < 0.05.
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Myc is a downstream target of activated b-catenin signal-
ing that has been implicated in malignant transformation 
due to its role in regulating gene transcription54. We have 
shown that a gene expression signature that distinguishes 
a mouse model and human WT from normal human kid-
ney or other neoplasms includes marked upregulation of 
c-Myc24. Mutations in the YEATS domain of the MLLT1 
gene have recently been linked to the development of 
WT and are characterized by increased Myc expression55. 
Prior work has shown that the kidneys of mice harboring 
activating mutations of K-Ras and b-catenin restricted 
to the renal epithelium develop metastatic WT and have 
significantly increased c-Myc and Birc5’s protein prod-
uct, survivin24. Survivin is a member of the inhibitor 
of apoptosis (IAP) family of proteins and, like c-Myc, 
a downstream target of the canonical Wnt/b-catenin 
pathway53. Through its role in inhibiting cellular apopto-
sis, it has been associated with human malignancy and 
is being investigated as a potential therapeutic target56. 
Birc5 expression is markedly higher in WT when com-
pared to normal kidneys57 and has been associated with 
WT disease stage58, and polymorphisms in the gene are 
associated with WT risk59. A selective survivin inhibitor, 
YM155, has also been shown to induce apoptosis in a 
post-chemotherapy-derived WT cell line (SK-NEP-1)60. 
Collectively, this suggests that both Myc and Birc5 (sur-
vivin) play an important role in WT, and one mechanism 
by which pyrvinium inhibits WT growth and metastases 
could be through their downregulation. Confirmatory 
studies are required to test this hypothesis.

In conclusion, we have shown that pharmacologic 
inhibition of the canonical Wnt/b-catenin pathway with 
pyrvinium can inhibit growth and metastatic progression 
of murine and human cellular models of WT and is associ-
ated with marked downregulation of Myc and Birc5. Our 
study demonstrates the potential for targeting the canoni-
cal Wnt/b-catenin pathway in the management of WT.
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