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ABSTRACT

The formation and progression of mudulloblastoma (MB) is poorly understood. However, somatic inactivation of pRb/p105, in combination
with a somatic or a germ-line TP53 inactivation, leads to MB in a mouse model. Presently, there is no specific evidence of pathway/s
alterations for the other two members of the retinoblastoma family, pRb2/p130 and/or p107 in MB. JC virus (JCV) is a human polyomavirus.
Although there is no firm evidence that this virus plays a causal role in human neoplasia, it has been clearly proven that JCV is highly
oncogenic when injected into the brain of experimental animals. The mechanism of JCV-induced tumorigenesis is not entirely clear. However,
several studies relate the oncogenic properties of JCV mainly to its early protein large T-antigen (T-Ag), which is able to bind and inactivate
both TP53 and Rb family proteins. Here, we compared the protein expression profiles of p53, p73, pRb family proteins, and PCNA, as main
regulators of cell proliferation and death, in different cell lines of mouse primitive neuroectodermal tumors (PNET), either T-Ag-positive
or -negative, and in human MB cell lines. Our goal was to determine if changes in the relative expression of these regulators could trigger
molecular perturbations underlying MB pathogenesis in mouse and human cells. Our results support that the presence of JCV T-Ag may
interfere with the expression of pRb family proteins, specific p73 isoforms, and p53. In turn, this “perturbation” may trigger a network of

signals strictly connected with survival and apoptosis. J. Cell. Biochem. 110: 182-190, 2010. © 2010 Wiley-Liss, Inc.
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E mbryonal tumors of the central nervous system (CNS) include
medulloblastomas (MB), primitive neuroectodermal tumors
of the CNS (PNET), and atypical teratoid/rabdoid tumors (ATRT)
[Louis et al., 2007]. The mechanism of MB tumorigenesis is
poorly understood. Genetic alterations associated with this disease
include loss of chromosome p17 and gain of 17q, losses on
chromosomes 10q and 11, gains on chromosome 7, and rearrange-
ments of chromosome 1 [Trojanek et al., 2006]. c-Myc and n-Myc
amplification, constitutive Sonic hedgehog (SHH) signaling activa-
tion, and TP53 pathway alteration have also been reported [Rossi
et al., 2008]. TP73 is a member of the p53 family and it has been
indicated that overexpression of TP73 isoforms could have a role in
the growth and treatment response in MB [Castellino et al., 2007].
pRb/p105, p107, and pRb2/p130 form the retinoblastoma family
[Caracciolo et al., 2006; Macaluso et al., 2006]. pRb/p105 mutations
are common in several cancers but not in human MB [Giacinti and

Giordano, 2006]. However, somatic inactivation of pRb/p105, in
combination with a somatic or a germ-line TP53 inactivation, leads
to MB in a mouse model. Presently, there is no specific evidence of
pRb2/p130 and/or p107 pathway/s alterations in MB, but a role for
pRb2/p130 in glioblastoma has been suggested [Pucci et al., 2002].

JC virus (JCV) is a human polyomavirus of the polyomaviridae
family, which also includes BK virus and Simian Virus 40 (SV40)
[Maginnis and Atwood, 2009].

Several studies suggest an association between the occurrence of
MB and JCV [Khalili et al., 1999; Krynska et al., 1999a; Del Valle et
al., 2001a]. Although there is no firm evidence that this virus plays a
causal role in human neoplasia, it has been clearly proven that JCV
is highly oncogenic when injected into the brain of experimental
animals including hamsters and nonhuman primates [Maginnis
and Atwood, 2009]. The mechanism of JCV-induced tumorigenesis
is not entirely clear. However, several studies relate the oncogenic
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properties of JCV mainly to its early protein large T-antigen (T-Ag),
which is able to bind and inactivate both TP53 and Rb family
proteins [Del Valle et al., 2001b; Caracciolo et al., 2006]. Del Valle
et al. [2001] found a correlation between T-Ag, TP53, and pRb/p105
expression in human MB specimens by immunohistochemical
analysis. They also observed a significant immunoreactivity to p107
and pRb2/p130 in most of the T-Ag-positive cases, suggesting that
an association between T-Ag and/or pRb occurs in these tumors
[Del Valle et al., 2001b].

Although mice models represent a powerful tool for the studies of
mechanisms of cancers, there are fundamental differences in how
the process can occur in mice and humans. Here, we compared the
protein expression profiles of p53, p73, pRb family proteins, and
PCNA, as main regulators of cell proliferation and death, in different
cell lines of mouse PNET, T-Ag-positive or T-Ag-negative, and in
human MB cell lines.

The mouse cell lines used for the experiments were obtained from
cerebellar mouse PNET histologically resembling human MB in
appearance, expression of neuronal marker proteins, and anatomi-
cal location [Krynska et al. 1999b].

Our goal was to determine if changes in the relative expression
patterns of these regulators reflect a distinctive role of these proteins
in the pathogenesis of MB in mouse and human cells.

CELL CULTURES

The cell lines used in the experiments included: (i) human MB DAOY
cell line (ATCC # HTB-186; American Type Culture Collection,
Manassas, VA), isolated from a posterior fossa tumor of a 4-year-old
boy; and D283 Med cell line (ATCC # HTB-187; American Type
Culture Collection), originated from peritoneal metastases from a
boy with MB; (ii) WS-1 human normal skin fibroblasts (ATCC # CRL-
1502; American Type Culture Collection); (iii) eight mouse cell lines
(Bs1a, Bs1b, Bs1c, Bs1f, BsB7, BsB8, BsB13, and BsB14) derived from
cerebellar MB that developed spontaneously in transgenic mice
expressing the early genome of the archetype form of the JCV
[Krynska et al., 2000]. All mouse cell lines were positive for the
major neuronal markers. In addition, Bsla, Bs1b, Bslc, Bsif cells
were T-Ag-negative, whereas BsB7, BsB8, and BsB14 were T-Ag-
positive [Krynska et al., 2000]; (iv) murine fibroblasts R503 and
R503/T [Reiss et al., 1998]. R503/T cells were obtained by stable
transfection of R503 cells with pcDNA/JCVTzeo expression vector
[Lassak et al., 2002]. Parental R503 cells transfected with empty
vectors were utilized as reference cell line.

All mouse cell lines were kindly provided by Drs Kamel Khalili
and Krzysztof Reiss (Department of Neuroscience, Center for
Neurovirology, Temple University School of Medicine, Philadelphia,
PA).

All cells were grown in DMEM (CellGro, Mediatech Inc., Herndon,
VA) containing 10% FBS serum (Atlanta Biological, Norcross, GA)
at 37°C and 5% CO, atmosphere. In particular, R503 cells were
grown in DMEM containing 10% FBS and 150 p.g/ml of selectant
agent Hygromycin (Sigma-Aldrich, St. Louis, MO). The same
medium with the addition of 400 pg/ml of zeocin was used for
R503/T cells.

NUCLEAR/CYTOPLASMIC FRACTIONATION

Monolayer cultures that were 70-80% confluent were washed with
PBS and dry pellets were collected and kept at —80°C until use. A cell
fractionation procedure was applied to separate cytoplasmic and
nuclear proteins using the NE-PER Nuclear and Cytoplasmic
Extraction Reagents Kit (Pierce Biotechnology; Rockford, IL),
according to the manufacturer’s instructions.

WESTERN BLOT ANALYSIS

Protein samples (40 pg/lane) were run on polyacrylamide gels
according to the Laemmli procedure [Laemmli, 1970]. Protein bands
were transferred on nitrocellulose membranes (Schleicher &
Schuell, Dassel, Germany) by wet electrophoretic transfer according
to Towbin et al. [1979]. Nonspecific binding sites were blocked for
1 h at room temperature with 5% nonfat dry milk in TBS containing
0.05% Tween-20 (TBS-T). The blots were probed with the following
primary antibodies at the appropriate dilutions: mouse monoclonal
anti-PCNA (PC10; sc-56) 1:500, rabbit polyclonal anti-p73 (H79; sc-
7957) 1:300, rabbit polyclonal anti-p53 (sc-6243 X) 1:400, and
rabbit polyclonal anti-p107 (C-18; sc-318) 1:500 (Santa Cruz
Biotechnology, Santa Cruz, CA); mouse monoclonal anti-Rb2 1:300
(BD 610261), mouse monoclonal anti-Rb (BD 554136) 1:400 (BD
Biosciences, San Jose, CA); mouse monoclonal anti-T-Ag PAB416
1:10 produced in house [Howard et al., 1998]. Rabbit polyclonal
antilamin A/C 1:1,000 (Cell Signaling Technology, Danvers, MA)
and mouse monoclonal anti-a-tubulin 1:10,000 (Sigma) were
used as internal controls for nuclear and cytoplasmic extracts,
respectively. Mouse monoclonal anti-a-tubulin 1:10,000 (Sigma) or
goat polyclonal anti-GAPDH (V-18) 1:400 (sc-20357; Santa Cruz
Biotechnology) were used as internal controls for total extracts. All
primary antibodies were diluted in 5% nonfat dry milk in TBS-T and
incubated overnight at 4°C. After extensive washings, the blots were
incubated with secondary antimouse or antirabbit peroxidase-
conjugated antibodies (Amersham, Buckinghamshire, UK) diluted
1:10,000 in TBS-T containing 5% nonfat dry milk, for 1h at room
temperature. After rinsing, immunoreactive bands were visualized
by ECL (Amersham). All experiments were performed in triplicates.

IMMUNOFLUORESCENCE

Immunofluorescence staining was performed on DAOY and D283
cells. The cells were fixed with 4% paraformaldehyde in PBS
for 20min at room temperature and permeabilized with 0.1%
TritonX-100 (Fisher Scientific, Pittsburgh, PA) in PBS for 5 min at
room temperature. Nonspecific binding sites were blocked with PBS
containing 6% bovine serum albumin (BSA; Sigma-Aldrich) for 1 h
at room temperature. The cells were then incubated overnight
at 4°C with mouse monoclonal anti-PCNA 1:50 (Santa Cruz
Biotechnology), diluted in PBS with 1% BSA. Secondary antibody,
Alexa Fluor 488 goat antimouse IgG (Invitrogen, Eugene, OR) was
diluted 1:600 in PBS containing 1% BSA. Negative controls were
performed by omitting the primary antibody. Nuclear staining was
performed with 100 ng/ml of DAPI (4’,6'-diamino-2-phenylindole;
Molecular Probes, Carlsbad, CA), 1min at room temperature.
After washing, glasses were mounted with Vectashield mounting
medium (Vector Laboratories, Burlingame, CA) and visualized with
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an Olympus IX81 fluorescence microscope (Olympus Microscopes,
Center Valley, PA).

PROTEIN EXPRESSION PROFILE OF pRb FAMILY IN MOUSE
T-Ag-POSITIVE AND -NEGATIVE PNET CELLS

We detected that T-Ag-positive and -negative PNET cells express
both the hypophosphorylated and hyperphosphorylated forms
of pRb2/p130 (Fig. 1A,B). However, in the T-Ag-negative PNET
cells, the hyperphosphorylated form of pRb2/p130 appeared to
be prevalent (Fig. 1A). Interestingly, T-Ag-positive fibroblast cells
exhibited only the hyperphosphorylated form of pRb2/p130
(Fig. 1B), whereas the T-Ag-negative fibroblast cells expressed
both the hypophosphorylated and the hyperphosphorylated forms
of pRb2/p130 (Fig. 1A). Several studies have reported that pRb2/
p130 in its hypophosphorylated form acts as a key regulator of the
G1-S phase transition mediating G1 growth arrest. On the contrary,
the hyperphosphorylated form of pRb2/p130, which appears to be
essentially cytoplasmic, is typical of cells progressing into G1 [Sun
et al., 2007]. Moreover, we previously reported that JCV T-Ag targets
the hypophosphorylated form of pRb2/p130 in JCV-induced
hamster brain tumor HJC12 and HJCA5 cells [Howard et al.,
1998]. These observations along with our results may suggest that
the presence of T-Ag could interfere with the regulatory function of
pRb2/p130 by interacting with the active hypophosphorylated form
of pRb2/p130 and/or altering its nuclear sublocalization, thus
accelerating the progression of the cell cycle.

T-Ag-positive PNET cells express significant levels of p107
compared with T-Ag-negative PNET cells. On the contrary, we
did not observe significant changes in p107 expression between the
T-Ag-positive and -negative fibroblasts (Fig. 1A,B).

We detected an increased expression of pRb/p105 in the T-Ag-
positive PNET cells compared with the T-Ag-negative PNET cells.
Interestingly, we found that the Bs1f T-Ag-negative PNET cell

A PNET TAg-negative
|

line does not express pRb/p105. Furthermore, we did not detect
significant changes in the protein expression pattern of pRb/p105
between T-Ag-positive and -negative fibroblasts (Fig. 1A,B).

p53, p73, AND PCNA EXPRESSION

In accordance with what was previously reported by Krynska et al.
[2000], we detected expression of p53 protein exclusively in T-Ag-
positive PNET cells (Fig. 2B). Interestingly, in the same study, it was
reported that T-Ag-negative PNET cell lines express only a smaller
p53 transcript [Krynska et al., 2000]. In our study, we observed that
the T-Ag-positive BsB14 PNET cell line exhibited a p53 protein
expression pattern that is different from the one observed in the
other T-Ag-positive PNET cells (Fig. 2B). In fact, we found that the
BsB14 PNET cell line does not express p53, similar to the T-Ag-
negative PNET cells (Fig. 2A,B). In an attempt to understand the
atypical behavior of BSB14 cells, we tested the latter for the presence
of the T-Ag and found no evidence of T-Ag expression (Fig. 2C). This
result may suggest that in this cell line, which was originally T-Ag-
positive, the loss of T-Ag expression could be directly or indirectly
correlated with the concomitant loss of p53 expression. Further-
more, as both T-Ag-positive and -negative fibroblast cells exhibit
similar levels of p53, it is reasonable to hypothesize that the event/s
encompassing the concomitant loss of both p53 and T-Ag, observed
in the BsB14 PNET cell line, are triggered only if a specific tumor
microenviroment is established.

We observed that both T-Ag-positive and -negative PNET cells
express significant levels of p73 isoforms (Fig. 2A,B).

Specifically, we observed that T-Ag-negative PNET cells express
significant levels of TAp73a and ANp73f isoforms as well as low
levels of ANp73a and TAp738 isoforms (Fig. 2A). Indeed, T-Ag-
positive PNET cells express a prevalence of the ANp73a and AN
p73pB isoforms and very low levels of the other isoforms (Fig. 2B).
Interestingly, we observed that the BsB14 PNET cell line, which lost
T-Ag expression, exhibits very high levels of TAp73a (Fig. 2B).
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Fig. 1. pRb family expression in mouse T-antigen-negative (A) and -positive (B) PNET cells and in mouse T-antigen-negative (R503; A) and -positive (R503/T; B) fibroblasts.
The relative protein levels of pRb/p105, p107, and pRb2/p130 were detected by Western blotting using 40 p.g of whole lysate. The expression of a-tubulin protein was assessed
to normalize protein loading (ppRb2/p130, phosphorylated protein; pRb2/p130, hypophosphorylated protein).
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Fig. 2. p53 and p73 expression in mouse T-antigen-negative (A) and -positive (B) mouse PNET cells and in mouse T-antigen-negative (R503; A) and -positive (R503/T; B)
fibroblasts. The relative protein levels of p53 and p73 were detected by Western blotting using 40 g of whole lysate. As shown in (A), the T-Ag-negative PNET cells do not
express p53 but exhibit significant levels of TAp73« and ANp73a p73 isoforms. The T-Ag-positive PNET cells (B) express a prevalence of ANp73a and ANp738 isoforms.
The presence of T-Ag in PNET cells was tested by Western blotting (C). The expression of GAPDH protein was assessed to normalize protein loading.

Moreover, the T-Ag-negative fibroblasts expressed very low
levels of all p73 isoforms (Fig. 2A) whereas the T-Ag-positive
fibroblasts expressed all p73 isoforms similar to the T-Ag-positive
PNET cells (Fig. 2B), thereby supporting a role for T-Ag in
the expression of specific p73 isoforms.

Expression of PCNA protein was detected in all cell lines analyzed
(Fig. 3A,B). However, we found that in T-Ag-negative PNET cells,
PCNA was accumulated exclusively in the cytoplasm (Fig. 3C).
On the contrary, in T-Ag-positive PNET cells we detected both
nuclear and cytoplamic PCNA distribution (Fig. 3D). T-Ag-positive
and -negative fibroblast cells exhibited only a cytoplasmic PCNA
distribution (Fig. 3C,D). Again, the BsB14 PNET cell line exhibited
only a cytoplasmic PCNA accumulation, similar to the T-Ag-
negative PNET cells (Fig. 3D).

PCNA may function in DNA replication when located in the
nucleus. Cytoplasmic accumulation of PCNA has also been reported
but the precise function of cytoplasmic PCNA is still unclear,
although a role for PCNA in the translation in postmitotic cells, such
as neurons, has been suggested [White et al., 2004].

Interestingly, our results may suggest that the presence of T-Ag
may interfere with PCNA cytoplasmic/nuclear trafficking, promot-
ing the shuttling of PCNA from the cytoplasm to the nucleus.

PROTEIN EXPRESSION PROFILE OF pRb FAMILY IN

HUMAN MB CELLS

D283 and DAOQY cell lines represent the two phenotypic profiles of
MB, neuronal and glial, respectively. We tested these two cell lines
for the presence of JCV T-Ag and both resulted negative (data not
shown). Although several studies have reported that JCV infection
is associated with various types of human cancers including MB,
glioblastoma, colorectal cancer, and lung cancer, the association of
JCV with human cancer remains controversial [Del Valle et al.,
2001a; Shiramizu et al., 2007; Zheng et al., 2007; Lin et al., 2008;
Maginnis and Atwood, 2009]. However, it has been reported that
D283 cells express SV40 large T-Ag and that T-Ag may contribute to
the immortalized phenotype of D283 [Kim et al., 2002]. Moreover,
several studies have reported the presence of SV40 T-Ag in a variety
of human cancers and suggested a viral role in their tumorigenesis
[Cheng et al., 2009]. Several studies also indicated that both SV40
T-Ag and JCV T-Ag bind the retinoblastoma family proteins and
interfere with their oncosuppressor function [DeCaprio et al., 1988;
Dyson et al., 1989; Ewen et al., 1989; Sheng et al., 1997; Stubdal
et al., 1997; Zalvide et al., 1998; Maginnis and Atwood, 2009]. As
SV40 T-Ag and JCV T-Ag share close similarity in both mechanism
of action and cellular targets, D283 cells represent a good model to
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Fig. 3.

PCNA expression and distribution in mouse PNET cells and in mouse fibroblasts. Western blot analysis from total lysates shows similar expression levels of PCNA in all

PNET cells (A, B). In the T-Ag-negative PNET cells, PCNA accumulates in the cytoplasm, whereas in the T-Ag-positive PNET cells PCNA is detected in both the nuclear and
cytoplasmic fractions (C, D). Efficient cytoplasmic and nuclear fractionation was confirmed by Western blotting analysis using anti-a-tubulin antibody for the cytoplasmic

fraction and antilamin A/C antibody for the nuclear fraction.

explore the interplay between T-Ag presence and pRb family and
p53/p73 signaling in human MB.

Our analysis regarding pRb family protein expression revealed
that DAOY MB cells, which are SV40 T-Ag-negative, exhibited very
low levels of pRb2/p130 compared with D283 MB cells, which are
SV40 T-Ag-positive (Fig. 4A). Moreover, in DAQOY cells the only
form of pRb2/p130 that appears to be expressed is the hypopho-
sphorylated form, which was detected in both nuclear and
cytoplasmic fractions (Fig. 4B). D283 cells exhibited high levels
of the hyperphosphorylated form of pRb2/p130, which appears
to be accumulated in the cytoplasm (Fig. 4B). WS1 fibroblast cells
expressed both the hypophosphorylated and hyperphosphorylated
forms of pRb2/p130, in both the nucleus and cytoplasm; however,
nuclear accumulation of the hypophosphorylated form of pRb2/
p130 was predominant in both the nuclear and cytoplasmic
compartments (Fig. 4A,B).

Furthermore, we found an increased level of pRb/p105 in the
nucleus of DAQY cells compared with the D283 cells where pRb/
p105 was equally distributed between the nucleus and cytoplasm
(Fig. 4B). On the contrary, WS1 fibroblast cells exhibited only a
nuclear pRb/p105 (Fig. 4B).

Increased levels of p107 were detected in DAOY cells compared
with D283 cells. Moreover, D283 cells expressed very low levels of
nuclear p107 (Fig. 4A,B).

p53, p73, AND PCNA EXPRESSION

p53 was expressed at very high levels in DAOY cells in both nuclear
and cytoplasmic fractions (Fig. 5A,B). On the contrary, D283 cells
expressed very low p53 levels and p53 was accumulated exclusively
in the cytoplasm (Fig. 5A,B). Also WS1 fibroblast cells expressed
very low levels of p53 but it was accumulated in the nucleus
(Fig. 5A,B).

Similar levels of p73 were detected in both DAOY and D283 cells
(Fig. 5A). Interestingly, the analysis of cytoplasmic and nuclear
fractions from both cell lines revealed the presence of different
p73 isoforms (Fig. 5B). Specifically, we observed that DAQOY cells
exhibited high levels of the TAp73a isoform in both the cytoplasm
and nucleus, compared with the D283 cells (Fig. 5B). Moreover, both
DAOQOY and D283 cells exhibited similar and significant levels of
ANp73a and TAp73B isoforms accumulated in the cytoplasm and
nucleus, respectively (Fig. 5B).
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Fig. 4. pRb family expression in human medulloblastoma cells (DAOY, D283) and human fibroblast cells (WS-1). The relative protein levels of pRb/p105, p107, and pRb2/p130
were detected by Western blotting using total (A) or nuclear or cytoplamic (B) extract. The expression of a-tubulin protein was assessed to normalize protein loading (A).
Efficient cytoplasmic and nuclear fractionation was confirmed by Western blotting analysis using anti-a-tubulin antibody for the cytoplasmic fraction and antilamin A/C
antibody for the nuclear fraction (B).
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Fig. 5. p53 and p73 expression in human medulloblastoma cells (DAQY, D283) and human fibroblast cells (WS-1). Western blot analysis reveals a high expression of p53 in
DAOY cells, whereas p53 is expressed at very low levels and accumulates in the cytoplasm in D283 cells (A, B). p73 expression is similar in both DAQY and D283 cells (A).Very low
expression of TAp73« isoform is observed in D283 cells compared with the DAOY cells (B). The expression of GAPDH protein was assessed to normalize protein loading (A).
Efficient cytoplasmic and nuclear fractionation was confirmed by Western blotting analysis using anti-GAPDH antibody for the cytoplasmic fraction and antilamin A/C antibody
for the nuclear fraction (B).
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EXPRESSION OF PCNA WAS DETECTED IN ALL CELL

LINES ANALYZED

Interestingly, PCNA was detected only in the cytoplasm (Fig. 6A,B).
Cytoplasmic distribution of PCNA was also confirmed in both DAOY
and D283 by immunofluorescence (Fig. 6C,D).

Several authors have indicated a compensation role, but not a
complete redundancy, among the pRb family proteins in regulating
the cell cycle and cellular growth. Interestingly, it has been proposed
that intrinsic genetic compensation between pRb/p105 and p107
prevents retinoblastoma in pRb/p105- or p107-deficient mice, but
this compensation does not occur in humans [Donovan et al., 2006].
In our study, we found that the T-Ag-positive mouse PNET cells
express higher levels of p107 compared with the T-Ag-negative
PNET cells. Interestingly, we observed a different p107 expression
pattern in human MB cell lines with the T-Ag-positive D283 cells

A B

Human MB

DAOQY
D283
WS-1

—— D PCNA
e s o-tubulin
DAOY

Cc

expressing low levels of p107 compared with the T-Ag-negative
DAOY cells. This may support the existence of different functions
and expression pattern of p107 between mouse and human cells,
which may also rely on a different effect of the T-Ag on p107 and
pRb2/p130 in these two different cellular systems.

Both in mouse PNET cells and human MB cells the protein
expression pattern and/or cellular distribution of pRb family, p53,
p73, and PCNA may be altered by the presence of T-Ag. Our idea is
that alterations of these tumor suppressor pathways cooperate in
tumorigenesis in a cell type-specific manner, suggesting that cell
specificity of tumor suppression mechanisms depend on driving
signals. For instance, a mutant p53 may interact with p73 and p63,
thus inactivating their functions in MB. Furthermore, concomitant
presence of T-Ag could stabilize the mutant p53 through pRb
signaling alteration. In support of this hypothesis, it has been
reported that inhibition of p73 and p63 functions is dependent on
p53 alteration, and that many p53 mutants, but not wild-type p53,
interact with p73 and p63 [Lozano, 2007]. In addition, it has been
reported that during the course of tumor evolution of JCV T-Ag
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S
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Fig. 6.

PCNA is expressed in the cytoplasm of human medulloblastoma cells and in human fibroblast cells. Western blot results from total lysates (A) and from cytoplasmic and

nuclear lysates (B) from DAOY, D283, and WS-1 cells. The expression of a-tubulin protein was assessed to normalize protein loading (A). Efficient cytoplasmic and nuclear
fractionation was confirmed by Western blotting analysis using anti-a-tubulin antibody for the cytoplasmic fraction and antilamin A/C antibody for the nuclear fraction (B).
C: Fluorescence immunostaining of DAOY and D283 medulloblastoma cells, showing a cytoplasmic localization of PCNA; 60x oil objective.
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mouse MB, a mutation occurs that inactivates p53, allowing tumor
progression even in the absence of continued T-Ag expression
[Krynska et al., 2000; White et al., 2006]. As tumor progression is
allowed even in the absence of T-Ag, then it will be important to
determine whether the T-Ag represents the initial *“hit event”
necessary to establish specific p53 mutants. In addition, does the
presence of T-Ag affect the equilibrium between pRb and p53/p73
pathways? Does the affected equilibrium lead to aberrant epigenetic
events dictating a tissue-specific altered microenvironment?

Importantly, several studies have suggested a potential role for
p73 isoforms in tumor growth and in the response to chemother-
apeutic treatment. In particular, it has been reported that MB
expresses significant levels of p73 isoforms and overexpression of
TAp73p and ANp73f induces apoptosis in MB cells transfected with
wild-type p53 [Castellino et al., 2007]. Moreover, it has been shown
that the ANp73a isoform exhibits oncogenic properties, inhibits
apoptosis and may contribute to drug resistance in vitro and in vivo
[Stiewe and Putzer, 2002; Concin et al., 2005; Vilgelm et al., 2008].
The mechanism/s by which p73 isoforms exert these activities as
well as the signals governing the presence of specific isoforms still
remains unclear. However, our results may support the idea that the
presence of JCV T-Ag interferes with the expression of specific p73
isoforms and p53, thus altering the delicate balance between p53
and p73 isoforms activity. In turn, this “perturbation” may trigger a
network of signals strictly connected with survival and apoptosis.
For instance, we observed significant levels of TAp73a isoform in
both T-Ag-negative PNET cells and DAOY cells, whereas this
isoform was expressed at very low levels in T-Ag-positive PNET cells
and D283 cells, suggesting a correlation between the expression of
specific p73 isoforms and the presence of T-Ag.

Disclosing the interplay among pRb family, p53 and p73
signaling, and the role played by the presence of T-Ag in their
molecular network, will be critical in understanding the biology
of MB.
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