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Abstract

BACKGROUND—A significant number of medulloblastomas (MBs) originate from abnormal
activation of the sonic hedgehog/patched (SHH/PTC) signaling pathway. Although p53 deficiency
enhances tumor formation in mice, inactivation of the p53 gene is seen in a minority of MBs.
Wild-type p53-induced phosphatase 1 (WIP1) downregulates p53 expression and has been shown
to be overexpressed in MBs.

OBJECTIVE—We tested the hypothesis that overexpression of WIP1 enhances tumor formation
in an SHH-dependent model of MB.

METHODS—We used the RCAS/Ntv-a system to study the effect of WIP1 in vitro and in vivo.
We transfected A375-TVA cells with RCAS- W/PI and then exposed these cells to cisplatin to
determine the effect on p53 expression. We modeled ectopic WIP1 expression independently and
in combination with SHH in the cerebella of newborn mice to assess the effect on tumor
formation. Mice were observed for 12 weeks or until neurological symptoms developed. The
brains were examined for tumor formation.

RESULTS—AZ375-TVA cells infected with RCAS- W/P1 demonstrated reduced p53 expression
after exposure to cisplatin compared with controls. We detected tumors in 12 of 35 mice (34%)
injected with RCAS- W/PI and RCAS-SHH. Tumors were detected in 3 of 40 mice (8%) injected
with RCAS-SHH alone. The difference in tumor formation rates was significant (x2 test, P=< .
01). Tumors did not form in mice injected with RCAS- W/P1 alone.

CONCLUSION—We show that ectopic expression of WIP1 cooperates with SHH to enhance
formation of MB, although it is insufficient to induce tumors independently. Our results verify the
role of WIP1 in MB formation and provide a crucial link to the inactivation of p53in MBs.
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Medulloblastoma (MB) is the most common malignant brain tumor in children. Although 5-
year survival rates currently approach 75%, the deleterious consequences of treatment leave
many children with significant long-term side effects.1:2 Novel therapeutic strategies are
needed to improve treatment outcome, and their development requires an improved
understanding of the molecular basis for MB tumorigenesis.

A subset of MBs, accounting for 25% to 30% of tumors, results from activation of the sonic
hedgehog/patched (SHH/PTC) signaling pathway.3-° Patients with Gorlin syndrome who
have inherited a defective copy of the Ptc gene, are predisposed to MB.5 MBs will develop
in Prc* mice that recapitulate histological features of the human disease.” Retroviral transfer
and expression of SHH into the developing cerebellum induces MB.8° SHH/PTC signaling
is crucial to the normal development of the cerebellum as mitogenic stimulation by SHH
causes granule neuron precursors, the presumed cell of origin for SHH-associated MB, to
undergo rapid expansion in the external granule layer.19 During this period, granule neuron
precursors may be more vulnerable to transforming genetic events, initiating MB formation.

Although increased SHH/PTC pathway activity is sufficient to form MBs in animal models,
tumor penetrance is limited. Tumors form in only 14% to 25% of APfc* mice. Retroviral
transfer of SHH results in MB formation in 9% to 15% of mice, suggesting that although
increased SHH/PTC signaling is sufficient to generate MBs, defects in other mechanisms are
also required for tumor growth. Signaling molecules implicated in MBs have been
investigated in animal models to determine their impact on tumorigenesis. For example,
insulin-like growth factor-2 expression has been observed in human MBs and retroviral
transfer of insulin-like growth factor 2 enhances the tumor formation rate in mice in an
SHH-dependent model of MBs, indicating that combined activation of the SHH/PTC and
insulin-like growth factor/phosphoinositide 3-kinase signaling pathways contribute to the
development of MB.11.12

One of the most common cytogenetic lesions, found in approximately one third of cases of
MB, is isochromosome 17, which consists of 17p deletion with duplication of 17¢.13:14 The
presence of isochromosome 17¢ is strongly associated with high-risk MB.451% As a
consequence of 17p deletion, the subsequent loss of the tumor suppressor gene p53, found
on 17p13.1, was suspected to contribute to MB tumorigenesis. Several lines of evidence
suggest that the p53 pathway is perturbed in MB. Frank et al'8 described the activation of
the p53-p14ARF pathway in the large-cell/anaplastic variant of MB. The spontaneous tumor
formation rate in Ptct mice increases to 100% when the mice are bred into a p53/~
background.” Tumor formation in other murine models of MB, including those dependent
on knockout of Ku80and DNA ligase 4, is also significantly enhanced by p53
deficiency.18.19 Individuals with Li-Fraumeni syndrome who carry germline p53 mutations
are also at increased risk of the development of MB.20:21 However, only 7% to 16% of
sporadic MBs display p53 mutations, suggesting that p53function may be abrogated by
alternate mechanisms as observed in other cancers with wild-type p53.22-25

A negative regulator of p53function, wild-type p53-induced phosphatase 1 (WIP1 or
PPM1D) is overexpressed in various tumor types including neuroblastoma, breast cancer,
and ovarian cancer.26-29 WIP1 expression is induced by p53as a response to DNA damage.
Accumulation of WIP1 results in dephosphorylation of p53and inhibition of p53 kinases
and facilitates MDM2-dependent degradation of p53.26:30 In both classic and desmoplastic
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variants of MB, comparative genomic hybridization studies have shown amplification of
PPM1D.31:32 Recent work has shown that WIP1 mRNA and protein levels from human MB
samples are significantly higher than that of normal brain.33 Castellino et al33 described
WIP1 copy gain and amplification in a series of 33 newly diagnosed primary MB
specimens. WIP1 copy humbers in these specimens ranged from 2 to 11. The WIP1
chromosomal location of 17922/23 is significant because, as described previously,
aberrations of chromosome 17 are commonly observed in MB, and WIP1 mRNA levels are
nearly 20-fold higher in tumors with a gain of 17q or isochromosome 17¢q compared with
those without these cytogenetic lesions,13:34-38

To determine what effect WIP1 overexpression has on SHH-induced MB, we modeled
ectopic WIP1 expression in mice using the RCAS/Ntv-a transgenic mouse system. In this
system, a gene is cloned into a modified avian retrovirus (RCAS) that is replication
defective in mammalian cells. The vector is injected in the brains of transgenic mice (Ntv-a)
that express TVA (the avian leukosis virus subtype A receptor, the receptor for RCAS)
under control of the Nestin gene promoter. Nestin-expressing cells include neuronal
precursors such as the granule neuron precursor. The gene is randomly incorporated into the
host cell's genome and is expressed by the constitutive retroviral promoter long terminal
repeat. This method of somatic cell gene transfer can assess the functional consequence of
gene expression in vivo. Further, multiple RCAS vectors can be co-injected, permitting the
study of cooperative effects of different genes on tumorigenesis. This well-established
mouse model has been used to understand the contributions of various signaling pathways to
SHH-dependent MB formation. We hypothesized that WIP1 would promote tumor
formation in this system. Here, we show that although independent overexpression of WIP1
is insufficient to induce tumors, ectopic expression of WIP1 enhances tumor formation in a
SHH-dependent model of MB. These results suggest that WIP1 signaling contributes to
tumor formation in the SHH-dependent subtype of MB and validate it as a potential
therapeutic target.

MATERIALS AND METHODS

Mice

The Ntv-a transgenic mouse line has been described previously.3® The breeding strategy
used results in mice composed of a combination of C57BL/6, BALB/C, FVB/N, and CD1
strains. Expression of the TVA receptor (the receptor for ALV-A) is driven by the Nestin
gene promoter on multipotent neural stem cells.

Vector Constructs

RCAS-SHH contains full-length chicken SHH with an in-frame carboxy hemagglutinin
epitope (HA tag). RCAS- Y'(provided by Dr Yi Li, Baylor College of Medicine, Houston,
Texas) was converted into a Gateway destination vector using the Gateway Vector
Conversion System (Invitrogen, Carlsbad, California) following the manufacturer's protocol
to create the RCAS- Y destination vector. RCAS- W/P1, encoding full-length human WIP1,
was constructed by a Gateway LR Clonase 1l recombination reaction between the ultimate
OREF clone IOH 25777 and RCAS- Y destination vector. RCAS-GFP, containing full-length
GFP (green fluorescent protein), was used as a control (provided by Dr Yi Li).

Tissue Culture

The DF-1 cell line, an immortalized chicken fibroblast line, was obtained from the ATCC
and grown at 37°C, 5% CO, in Dulbecco modified Eagle medium supplemented with 10%
fetal bovine serum. To produce live virus, DF-1 cells were transfected using Fugene6
(Roche, Nutley, New Jersey) with plasmid versions of the RCAS vectors and allowed to
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replicate as viral vectors in culture. The A375-TVA cell line, a human melanoma cell line
stably expressing the TVA receptor, was obtained from Dr Cindy Miranti (Van Andel
Research Institute, Grand Rapids, Michigan). A375 is a human melanoma cell line that has
been engineered to express the TV A receptor by transfection with a pcDNA3.1/hygro
construct (Invitrogen) containing the TVA gene and selection in medium containing 300-p.g/
m: Hygromycin B (Invitrogen). The cell line is maintained in Dulbecco modified Eagle
medium: F12 supplemented with 5% fetal bovine serum, 2 mM -glutamine, 0.1 mM
NEAA, 1 mM sodium pyruvate, 30 U/mL Pen-Strep (Invitrogen), and 300 pg/mL
Hygromycin B to maintain the TV A receptor expression, and grown at 37°C, 5% CO5.

Immunofluorescence

DF-1 cells transfected with RCAS- W/P1 were grown to 80% to 90% confluency on cover
slips. Cells were washed with phosphate-buffered saline and fixed with 4%
paraformaldehyde in phosphate-buffered saline followed by cold methanol.
Immunocytochemistry was performed using standard procedures. A rabbit polyclonal
antibody against human WIP1 (H-300; 1:200; Santa Cruz Biotechnology, Santa Cruz,
California) and goat anti-rabbit Alexa Fluor 594 fluorescent conjugate (1:500; Molecular
Probes, Carlsbad, California) were used for detection. Cell nuclei were labeled and the cover
slips mounted using Prolong Gold antifade reagent with 4" 6-diamidino-2-phenylindole
(Molecular Probes). Staining was observed with a Zeiss Axioskop 40 microscope.

Western Blot Analysis

Cell lysates from DF-1 cells transfected with RCAS- W/P1 were prepared after several
rounds of viral replication. Protein samples (10 j.g) were resolved on 10% sodium dodecyl
sulfate—polyacrylamide electrophoresis gels, transferred to polyvinylidene fluoride
membranes, and probed with rabbit anti-human PPM1D antibody BL3066 (Bethyl
Laboratories, Inc, Montgomery, Texas). Detection was done using horseradish peroxidase—
conjugated secondary antibody (goat anti-rabbit 1gG) and ECL Plus detection reagents (GE
Healthcare, Piscataway, New Jersey).

WIP1 Functionality Assay

A375-TVA cells were plated in 100-mm tissue culture dishes and grown overnight to 20%
to 30% confluency. For exposure to RCAS- W/P1, medium was removed from the cells and
replaced with 4.5 mL of filtered RCAS- W/P1 viral supernatant obtained from DF-1
transfected cells and 8 pg/mL Polybrene (Sigma Aldrich, Milwaukee, Wisconsin). A375
cells not exposed to viral supernatant had their media replaced with Dulbecco modified
Eagle medium/fetal bovine serum and 8 pg/mL of Polybrene. After 3.5 hours, 10 mL of
complete growth media containing Hygromycin B was added to each plate and the cells
grown for 48 hours. At this time, the media containing the RCAS- W/P1 virus was removed
and the cells exposed to 30 uM of cisplatin in 10 mL of complete growth media for 24 to 48
hours. Cell lysates were then harvested and protein samples (20 pg) resolved on 10% Tris-
HCI SDS-PAGE gels (Bio-Rad, Hercules, California) followed by detection of WIP1 as
previously described. The experiment was performed in triplicate to verify reproducibility.

In Vivo Infection of Transgenic Mice

DF-1 virus producer cells were harvested by trypsin digestion, collected by centrifugation,
and resuspended in phosphate-buffered saline. One microliter (10° cells) was injected by a
gas-tight Hamilton syringe bilaterally into the cerebellum within 48 hours of birth because
the population of Nestin-positive cells is highest during the immediate postnatal period. The
mice were killed 12 weeks after injection or earlier if signs of hydrocephaly and/or
debilitation were present. The brains were removed and fixed in 10% phosphate-buffered
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formalin (Fisher Scientific, Pittsburgh, Pennsylvania) for at least 24 hours. After fixation,
each brain was sectioned and embedded in paraffin. Tissue sections were stained with
hematoxylin and eosin.

To test whether ectopic overexpression of WIP1 could suppress p53 expression in cells
susceptible to RCAS vector infection, we created an RCAS vector to express human WIP1.
Expression of WIP1 by RCAS in DF-1 producer cells was confirmed by
immunofluorescence and Western blot analysis (Figure 1A, B). We wanted to know whether
the WIP1 protein expressed by RCAS retained its ability to inhibit p53expression. To test
this, we analyzed the functional effect of WIPL in vitro by assaying p53expression in A375-
TVA cells after exposure to cisplatin. A375-TVA is a human melanoma cell line that has
been engineered to express the TVA receptor and has an excellent efficiency of infection by
RCAS vectors with more than 90% of cells demonstrating positive infection by RCAS-
GFPA0

We exposed A375-TVA cells to supernatant from DF-1 cells infected with RCAS- W/P1 or
RCAS-GFP. After 48 hours of exposure to the supernatant, the A375-TVA cells were plated
with cisplatin to induce expression of p53 (and subsequently WIP1). We harvested cell
lysates at 24 and 48 hours after exposure to cisplatin and assayed them for WIP1 and p53
expression (Figure 2). Control A375-TVA cells (either uninfected or infected with RCAS-
GFP) demonstrated increased p53 expression after exposure to cisplatin compared to
unexposed cells. WIP1 was also induced in A375-TVA cells (both uninfected and infected
with RCAS-GFP) after exposure to cisplatin at 24 and 48 hours. This was more than the
level of expression observed in control A375-TVA cells (either uninfected or infected with
RCAS-GFP). Cells infected with RCAS- W/PZ demonstrated significantly increased WIP1
expression, which was enhanced further after exposure to cisplatin at both 24 and 48 hours.
A375-TVA cells infected with RCAS- W/P1 demonstrated suppressed p53 expression at 24
and 48 hours. The level of p53expression in cells infected with RCAS- W/P1 and exposed to
cisplatin was comparatively less than uninfected cells exposed to cisplatin. These results
(confirmed in triplicate) verified that the RCAS- W/PI construct was capable of infecting
TVAT cells and demonstrated an inhibitory effect of WIP1 on p53expression in vitro.

To determine the effect of WIP1 overexpression on tumor formation in a SHH-dependent
model of MB, we co-injected RCAS- W/PI and RCAS-SHH into Ntv-a mice. Independent
expression of SHH delivered by RCAS is sufficient to induce MB with histological features
consistent with classic MB. We injected equivalent amounts of RCAS- W/P1 and RCAS-
SHH virus—producing cells in the cerebellar hemispheres of newborn Ntv-a mice. The mice
were followed for 90 days or killed sooner if they displayed signs of neurological
dysfunction, and their brains were analyzed for tumor formation. We identified tumors
consistent with MBs in the cerebella of 12 of 35 mice (34%) (Figure 3A, B) injected with
both RCAS-SHH and RCAS- W/P1. This was significantly higher than the tumor formation
rate in a contemporaneous cohort of mice injected with RCAS-SHH alone in which tumors
formed in 3 of 40 mice (8%) (X2 test, P<.01) (Table). The tumors generated by the
combination of RCAS- W/PI + and RCAS-SHH were histologically indistinguishable from
tumors formed by those injected with RCAS-SHH alone and displayed characteristic
features of MBs including monomorphous sheets of small, undifferentiated cells (Figure
3C). We characterized these tumors further by staining them for the neuronal tumor marker
synaptophysin, which was present throughout the tumor (Figure 3D). To verify WIP1
expression in tumors generated by the combination of RCAS- W/P1 and RCAS-SHH, we
stained tumors with an antibody for WIP1 and identified positive staining in the nucleus as
well as throughout the cytoplasm of tumor cells (Figure 3E). We did not detect any tumors
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in the 30 mice injected with RCAS- W/P1 alone. The median symptom-free survival was 90
days (range, 27-90 days) in the cohort of mice injected with RCAS-SHH alone, and 90 days
(range, 16-90 days) in the cohort of mice injected with RCAS-SHH and RCAS-W/P1. The
difference was not statistically significant (log rank test, = .55).

DISCUSSION

MB is classified as a grade 1V embryonal brain tumor by the World Health Organization
based on histological features.*! Molecular characteristics can be used to further categorize
MBs into 4 or 5 different variants.3-> Of these variants, a significant number are driven by
SHH/PTC pathway activation, but other molecular mechanisms also contribute to tumor
formation and growth. Transcription factors such as N-myc and cMyc, growth factors such
as insulin-like growth factor 2 and hepatocyte growth factor, and antiapoptotic genes such as
Bcl2 have been shown to enhance SHH-dependent MB formation.8:42-44 Recent evidence
showed that the type 2C protein phosphatase WIP1 is overex-pressed in many human
cancers, including MB. The location of WIP1 in chromosome 17 also raises the possibility
of its involvement in tumor formation and progression as cytogenetic aberrations of this
chromosome are very common in MB. However, alterations of chromosome 17 are typically
observed in subgroups of MB that are not dependent on activation of the SHH signaling
pathway, and other genes on chromosome 17q, notably LASPI, have also been associated
with poor prognosis in MB.19:32:37.38:45.46 \\/|p1 modulates multiple signaling pathways, but
exerts its major effect on p53 by disabling p53-dependent apoptosis.*’ Mice that are WIP1
deficient are resistant to mammary gland tumors, and WIP1 inhibitors that block WIP1
phosphatase activity decrease tumor cell proliferation in xenograft mammary tumors and
Erbb2-driven mammary gland tumorigenesis models.48:42 By expressing WIP1 in a murine
model that faithfully recapitulates the genotypic and phenotypic features of a SHH-
dependent subtype of MB, we were able to study the in vivo effects of WIP1 overexpression
on tumor formation. Here, we show that WIP1 cooperates with SHH to enhance MB
formation, although it appears insufficient to induce MB independently.

WIP1 directly inhibits p53through its dephosphorylation and subsequent degradation.>0
WIP1 is induced after ionizing or ultraviolet radiation and its expression correlates with a
commensurate increase in expression of p53, leading to the suggestion that it is responsible
for returning the cell to a homeostatic state after repair of cellular damage.39°1 In this
context, WIP1 appears to suppress the response by p53to genotoxic stress. Our results are
consistent with the suppressive effect of WIP1 on p53inasmuch as cells expressing RCAS-
WIP1 demonstrated a significant decrease in expression of p53after exposure to cisplatin
compared with controls. The potential enhancing effect of WIP1 over-expression on the
formation of SHH-dependent MBs is made more relevant by the observation that SHH/PTC
pathway activation promotes genomic instability.>2

The characterization of WIP1 as an oncogene is based on in vitro experiments in which
overexpression of WIP1 coupled with RAS overexpression results in transformation of
primary mouse embryo fibroblasts (MEFs).28 Further, coexpression of WIP1 with other
oncogenes, including H-rasvV12, MYC, and or NEU1, results in transformation of MEFs (as
analyzed by anchorage-independent growth and ability to form foci in soft agar).26 Multiple
studies have shown that WIP1 deficiency decreases tumorgenicity. Chemical inhibition of
WIP1 with a compound directed at its phosphatase activity attenuates tumor cell growth in
vitro primarily by suppressing cellular proliferation.#8 In vivo studies of this compound
showed decreased cellular proliferation in mammary gland tumors compared with control
tumors. WIP1-deficient mice are resistant to spontaneous tumor formation throughout their
life span.>3 MEFs derived from WIP1 null mice demonstrate a substantially decreased
proliferative capacity in culture.® The same report showed that WIP1-null MEFs
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transformed by the oncogenes E1A and Hras1 form tumors after subcutaneous injection in
nude mice at a significantly lower rate compared with wild-type MEFs transformed with
these same oncogenes. Further, WIP1~~ mice crossed with mice prone to mammary gland
tumors were profoundly resistant to tumor formation, and those few tumors that did form
appeared to have a lower proliferation potential. In contrast to previous studies
demonstrating tumor resistance conferred by WIP1 deficiency, we determined the ability of
WIP1 overexpression to induce MB in vivo by expressing it with SHH and independently.
The ectopic expression of SHH in Ntv-a mice using the RCAS/Ntv-a system is sufficient to
induce MB, albeit at a low rate. In this study, we observed MB in just 3 of 40 mice (8%)
injected with RCAS-SHH. The enhancing effect of WIP1 was demonstrated in a cohort of
mice co-injected with RCAS-SHH and RCAS- W/P1. In this group, tumors formed in 12 of
35 mice (34%). This enhancing effect is similar to our results combining other signaling
molecules such as insulin-like growth factor 2 or Akt, which, when co-injected with RCAS-
SHH, increased the tumor formation rate.12

Although these results suggest that WIP1 cooperates with SHH to enhance MB formation in
our model system, we examined its expression in the context of the known MB subtypes (ie,
WNT, SHH, group C, and group D) by determining the levels of WIP1 in a defined MB
dataset#> used for genomic profiling. This analysis shows that although WIP1 expression
does occur in the SHH subtype of MB (approximately 15% of cases), its expression is
significantly higher (compared with normal fetal cerebellum) in group C and group D MBs
(of note, the expression of WIP1 in the WNT subtype of MBs was similar to that of normal
fetal cerebellum) (Figure 4). Group C and D MBs have a less favorable outcome compared
with the other groups, and a possible explanation may be that the genomic instability
engendered by WIP1 expression leads to a more aggressive tumor. Future studies that model
the genetic aberrations associated with group C and D MBs may validate WIP1's role in
promoting tumorigenesis.

The inability of WIP1 to form tumors after its independent expression in Ntv-a mice is
consistent with the results of previous studies investigating the oncogenic nature of WIPL.
Although WIP1 cooperates with RAS to transform primary mouse fibroblasts, independent
overexpression of WIP1 does not transform NIH-3T3 cells.28 Additionally, infection of
either wild-type or p53~ MEFs by WIP1-expressing virus alone does not cause colony
formation or growth in soft agar.28 Although WIP1 suppresses p53 expression, transgenic
murine models of MB demonstrate enhancement of tumor formation after being bred into a
5371~ background, but these models are not dependent on p53 deficiency for tumor
initiation. We showed previously that in the RCAS/Ntv-a-based, SHH-dependent model of
MB, other genes (including Bc/l-2, 1912, c-Myc, and Nmyc) are capable of enhancing tumor
formation. However, tumor formation was not observed after ectopic expression of these
genes independently. Thus, activation of the SHH signaling pathway likely represents a
tumor-initiating event, and we were not surprised that WIP1 was unable to induce MBs in
this model.

Here, we have provided evidence that the W/PI gene contributes to MB growth. Its
enhancement of tumor formation in a SHH-dependent model of MB corroborates previous
observations that include its increased expression in human MB tumor samples. Although
our results show that overexpression of W/P1 independently is insufficient to cause MB
(consistent with previous studies), its association with p53 suppression suggests that it may
be an important contributor to MB tumorigenesis.
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FIGURE 1.

Verification of wild-type p53-induced phosphatase 1 (WIP1) expression by RCAS vector in
DF-1 cells. A, immunofluorescence photomicrograph (x400) of DF-1 cells after infection
with RCAS-WIP1. WIP1 (scale bar = 50 um). B, Western blot demonstrating expression of
WIP1 in DF-1 cells after infection with RCAS-WIP1. Uninfected cells demonstrate no
expression of WIP1. Transfected cells demonstrate WIP1 expression. Infected cells
demonstrate increased WIP1 expression.
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FIGURE 2.

RCAS wild-type p53-induced phosphatase 1 (WIP1) suppresses p53 expression after
exposure to cisplatin in A375-TVA cells. Western blot of WIP1, p53 and actin (control) in
A375-TVA cells. Cells unexposed to cisplatin demonstrate minimal WIP1 and p53
expression at 24 and 48 hours. Expression of WIP1 and p53 increases after exposure to
cisplatin at 24 and 48 hours. A375-TVA cells infected with RCAS-green fluorescent protein
(GFP) demonstrate a similar increase in both WIP1 and p53 expression after exposure to
cisplatin at both 24 and 48 hours. A375-TVA cells infected with RCAS-WIP1 demonstrate
decreased p53 expression at both 24 and 48 hours after exposure to cisplatin, verifying the
suppressive effect of WIP1 on p53.
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FIGURE 3.

RCAS wild-type p53-induced phosphatase 1 (WIP1) cooperates with RCAS sonic hedgehog
(SHH) to induce MB in the cerebellum of Ntv-a mice. A, gross specimen of brain of Ntv-a
mouse 3 months after co-injection of RCAS-WIP1 and RCAS-SHH demonstrating tumor
(Tu) in the cerebellar hemisphere. B, whole-mount hematoxylin and eosin of Ntv-a mouse
cerebellum (Cb) after injection of RCAS-WIP1 and RCAS-SHH demonstrating tumor
formation with mass effect on the fourth ventricle (4V) and brainstem (Pons). C,
photomicrograph (x400) of tumor induced by RCAS-WIP1 and RCAS-SHH demonstrating
histological features consistent with MB including sheets of monomorphous small cells
(Scale bar = 100 wm). D, photomicrograph (x400) of tumor induced by RCAS-WIP1 and
RCAS-SHH demonstrating positive staining for synaptophysin, a marker of neuronal tumors
(scale bar = 100 m). E, photomicrograph (x400) of tumor induced by RCAS-WIP1 and
RCAS-SHH. Arrow indicates positive staining for WIP1 in the nucleus of a tumor cell.
(Scale bar = 100 pm).
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FIGURE 4.

Expression profiling of wild-type p53-induced phosphatase 1 (WIP1) reveals a correlation
with group C and D medulloblastomas (MBs). WIP1 expression is approximately 1.5 times
higher in all MBs compared with normal fetal cerebellum (CB). Increased WIP1 expression
is observed in approximately 15% of sonic hedgehog (SHH) MBs, although not significantly
higher than fetal CB (P> .05). WIP1 expression is significantly higher in group C and D
MBs (P < .001 for both).
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TABLE

Incidence of Tumor Formation in Ntv-a Mice Injected With RCAS-SHH, RCAS-SHH + RCAS- WIP1, and
RCAS-WIPL

Vector Tumor Incidence
RCAS-SHH 3/40 (8%)
RCAS-SHH + RCAS- WIP1 12/35 (34%)
RCAS-WIP1 0/30 (0%)

aThe difference in tumor formation between mice injected with RCAS-SHH and RCAS-SHH + RCAS- WIP1 is significant (XZ test, P=.0038).
SHH, sonic hedgehog; WIP1, wild-type p53-induced phosphatase 1.
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