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Abstract

Loss of heterozygosity is common for the short arm of chromosome 17 in
medulloblastomas with putative medulloblastoma suppressor loci localized to 17p13. The
colocalization of the pS3 tumor suppressor gene to 17p13 raises the possibility that its
mutant alleles may play a role in the malignant transformation of "medulloblasts”. Here
we have analysed polymerase chain reaction amplified products of exons 4-9 (95% of
reported p53 mutations occur within this region) of the p53 gene in 9 medulloblastomas
for potential mutations using the technique of single strand conformation polymorphism
(SSCP) analysis and DNA sequencing. We found only one mutation, an A-T to T-A
transversion involving the second base of codon 285 and resulting in the substitution of
Valine for Glutamic acid. In none of eight of these tumors could amplification of the
mdm?2 gene be detected. These findings suggest that genetic events associated with the
inactivation of p53 gene occur in only a minor subset of medulloblastomas.

Furthermore, we have investigated the role of PKC-mediated signalling in the
proliferation of medulloblastoma cell lines DAOY, D283-Med and D341-Med. By
Western blot analyses, conventional PKC (cPKC) a was detectable in DAOY only, while
atypical PKC (aPKC) C was present in all three cell lines. cPKC B1, B11, v, novel PKC
(nPKC) 6, and € were not detectable in all cell lines. Antisense oligonucleotides toiv
PKC a, Calphostin C (a specific PKC inhibitor) and prolonged treatment with phorbol
12-myristate 13-acetate (PMA) with downregulation of cPKC o caused a decrease in

proliferation in DAOY and no effect on D283-Med. PMA treatment was associated with
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upregulation of p21cipl in DAQY. Since cPKC a is the only PMA responsive isoform in
DAOQY, this observation implicates the cPKC a isoform in the proliferation of DAOY
but not in D283-Med. A comparison of DAOY and D283-Med showed a higher
proliferation index in DAQOY. In contrast, multiprobe riboquant ribonuclease protection
assay revealed higher levels of p27 kipl and p21 cipl mRNA in D283-Med. These
transcripts were barely detectable in untreated DAOY. These observations indicate
possible significant molecular heterogenity among medulloblastomas with implications
for differing biology among medulloblastoma cell lines and tumors.

We also investigated p27kip1 and p21cipl immunoreactivity in medulloblastoma
tumors. We found an inverse relationship between p27kip1 expression and proliferation.
Focal islands of neuroblastic differentiation expressed high levels of p27kip1. In contrast,
the undifferentiated highly proliferative population of tumor cells showed no detectable
p27kip1 expression. In addition, there was no detectable p21cipl expression in all of the
medulloblastomas. There was no relationship between the detection of p53 protein and
lack of p21cipl expression. Similarly, positivity for p53 protein did not show any
relationship with proliferation or apoptotic index. The low level of apoptosis in these
tumors was not associated with the expression of Bcl2. These findings suggest a role for
p27kip1 in cell cycle control in medulloblastoma. Since, p2icipl and p27kip1 are often
coexpressed along with other INK4 family of cdk inhibitors during the induction of cell
differentiation and are synergistic in their effect, a deregulation of the coordinate
expression of p21cipl and p27kipl may underlie the lack of complete differentiation in

medulloblastoma.



Résumé
Les médulloblastomes démontrent souvent une perte d'hétérozygosité sur le bras court du
chromosome 17 et un locus de suppression tumorale a été postulé en position 17p13. La
co-localisation du géne de la p53, un suppresseur de tumeurs situé en 17p13 laisse sous-
entendre que des alléles mutés de ce géne pourraient jouer un réle dans la transformation
tumorale de cellules souches dites "médulloblastes”. Afin d'examiner cette possibilité,
nous avons fait 1'analyse de la séquence du gene de la pS3 dans 9 médulloblastomes par
amplification des exons 4-9 (ou se retrouvent 95% des mutations) avec une réaction a
polymérisation en chaine suivi d’une analyse de polymorphisme conformationel de simple
brin et du séquencage de 1' ADN. Cette analyse a révélé une mutation dans une seule
tumeur qui correspondait a la substitution d'un A-T en T-A au codon 285 résultant en un
remplacement de 1'acide aminé acide glutamique par la valine. Aucunes des tumeurs
n’avaient une amplification génique du locus mdm?2. Ces résultats suggérent que
|'inactivation du géne de la p53 est un événement peu commun dans les
médulloblastomes.

Nous avons aussi étudié le role que joue la protéine kinase C (PKC) dans la
croissance des lignées cellulaires de médulloblastomes, les cellules DAOY, D283-Med et
D341-Med. Par analyse d'immunobuvardage, 1'isoforme ¢ de la PKC était détectable
uniquement dans les cellules DAOY alors que 1'isoforme { était présente dans chacune
des trois lignées cellulaires tandis que les autres isoformes de la PKC conventionel (81,
B11, v, O, €) étaient absentes. Le traitement avec des inhibiteurs de la PKC tels que des

oligonucléotides antisens a la PKC ¢, a la calphostine C et une incubation de longue
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durée avec le phorbol 12-myristate 13-acétate (PMA) résultérent en une baisse de la
croissance des cellules DAOY sans aucun effet sur les cellules D283-Med. Le traitement
des cellules DAOY avec le PMA était associé a une augmentation de 1'expression du
géne du p2icipl. Comme 1'isoforme o est le seul isoforme exprimé par les cellules
DAOQY, nos résultats suggérent que la PKC « joue un réle important dans la croissance
cellulaire des cellules DAOY et non des cellules D283-Med. En plus, une analyse de
protection a la ribonucléase a démontré des niveaux d'expression plus élevés des geénes
du p21cipl et p27kipl dans les cellules D283-Med qui proliférent beaucoup moins vite,
une autre indication de 1'hétérogénéité moléculaire des tumeurs et lignées cellulaires de
médulloblastome.

Nous avons aussi analysé par immunohistochimie les niveaux des protéines
p2icipl et p27kip1l dans les médulloblastomes. L'expression de la protéine p27kip1 était
reliée d'une fagon inverse aux taux de croissance des cellules tumorales dans les régions
démontrant une différentiation neuronale exprimant des niveaux élevés de p27kip1. Par
contre, les régions contenant des cellules ayant un taux de croissance élevé n'avaient
aucun signal pour p27kipl. La protéine p2lcipl n’était détectable dans aucune des
tumeurs. Aucune corrélation n’a pu étre établi entre les niveaux de la pS3 et 1'absence de
la p21, un géne contrdlé par la p53. La présence de la protéine p53 n'affecta pas non
plus la capacité d'apoptose qui elle méme n'était pas reli€ a la protéine Bcl-2. Nos
résultats suggérent que la p27kip1 pourrait jouer un réle important dans le contrdle du
cycle cellulaire dans les médulloblastomes et que 1'absence de la p21cipl pourrait affecter
le manque de différentiation des médulloblastomes.

vil



CHAPTER 1
INTRODUCTION AND LITERATURE REVIEW

Medulloblastoma and related primitive neuroectodermal tumors represent a significant group
of central nervous system tumors (CNS) that occur predominantly in the pediatric population
and less frequently in the adult population. They account for 25% of childhood intracranial
tumors and are the second most common malignant tumors in childhood (1). Histologically,
most of these tumors are composed of sheets of undifferentiated cellular elements while a
minority exhibit focal areas of glial, neuronal, rhabdomyosarcomatous and melanocytic
differentiation (1).

Historically, morphologic classifications of brain tumors have been based on the
pattern of differentiation and the presumed histogenetic origin of the tumor cells. Bailey
and Cushing (2) proposed the name medulloblastoma for a specific group of highly
aggresive childhood tumors that they presumed arose from the putative stem cell
"medulloblast” in the cerebellum. Although this name has been widely used for these tumors
over the years, the "medulloblast” has remained undefined and has no counterpart in
neurogenesis. In recent years, the morphologic similarity between medulloblastoma and
other primitive neuroectodermal tumors, such as ependymoblastoma and pineoblastoma
which arise from other sites has been emphasized. This has led to the suggestion for the use
of the unifying terminology of primitive neuroectodermal tumors (PNETSs) for these tumors
irrespective of their primary site of development in the CNS (3).

Numerous studies have been directed at understanding the histogenesis and possible

underlying genetic defects playing a role in the malignant transformation of
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medulloblastoma. It has been shown that primitive neuroectodermal tumors express antigens
that recapitulate molecular milestones in neuroblastic differentiation (4). In the developing
brain, the external granular layer (EGL) of the cerebellum shows a distinct subpial
proliferative zone containing cells that mark with antibodies to proliferating cell nuclear
antigen (PCNA) or Ki-67, and the nerve growth factor receptor (NGFR) but are negative
for class III B tubulin and calbindin-D,,,. The deep postmitotic premigratory zone of the
EGL contains cells which mark for class III B tubulin, microtubule associated protein
(MAP)2, MAPS, and tau (5-7). Neither the deep nor the subpial zones of the EGL mark for
calbindin-D,, . In contrast, the immature neuroepithelial cells of the intermediate and mantle
zones of the ventricular germinal matrix variably express calbindin-D,, and class III B
tubulin (5).

Using the expression of class III B tubulin and calbindin-D, as differentiating
markers, analysis of the immunohistochemical profile of medulloblastomas have suggested
that the EGL type cells may be the probable histogenetic origin of desmoplastic
medulloblastoma while classic medulloblastoma may arise from the subependymal germinal
matrix type cells (5,7,8). Combining both cytological features and the pattern of expression
of differentiation markers, the component cells in medulloblastoma have been further
subdivided into neuroblastic (Nb) phenotypes 1 - 4 (5). Nbl and Nb2 cells represent
primitive PCNA positive cells which differ in being class III B tubulin negative and positive,
respectively, while Nb3 represents pfedominmﬂy PCNA negative cells and Nb4 represents

PCNA negative and class III B tubulin positive ganglion cells. The Nb3 cells typify the cells



seen in the neuroblastic pale islands of desmoplastic medulloblastoma. Nb1 and Nb2 typify
the cells seen in the proliferative population of classic medulloblastomas and desmoplastic
medulloblastoma. While all medulloblastomas are uniformly fatal unless the tumor can be
completely resected, it is noteworthy that the desmoplastic medulloblastoma represents a
better prognostic group, in terms of length of survival when compared with the classic
medulloblastoma '(9). Other features which confer a better prognosis include, onset at age
> 10 years, lateral cerebellar origin and absense of metastases at initial diagnosis (9).
Numerous efforts have been directed at identifying the underlying genetic defects
that may play a role in the malignant transformation of medulloblastoma. Cytogenetic and
molecular studies in some medulloblastomas have shown a frequent occurrence of iso-
chromosome 17q (10) along with monosomy for 17p or trisomy for 17q and loss of
heterozygosity for chromosomes 17p, 10 and 21 (11-14). The initial co-localization of the
frequent 17p deletions (reported in 45% of medulloblastomas) and loss of heterozygosity
(LOH) in medulloblastomas with the p53 gene locus suggested the possible role of genetic
events involving the pS3 gene in the biology of medulloblastoma (11). Further analysis
suggested that the 17p locus in medulloblastoma may be independent of the p53 gene locus
and that there might be more than one 17p locus involved in medulloblastoma (12,13). We
and others have confirmed that genetic events involving pS3 may be infrequent in
medulloblastoma (15,16). In spite of the low frequency of p53 mutations in
medulloblastoma, the possible relevance of the observed 17p deletions in the biology of
medulloblastoma is suggested by the report of a shortened survival in patients whose tumors

exhibit a 17p deletion (17).



More recent studies using microsatellite markers have reported frequent LOH at
locus F13B on chromosome 1q in human medulloblastomas (18), as well as a correlation
between LOH on chromosome 9q22.3-q31 and the desmoplastic subtype of medulloblastoma
(19). The chromosome 9q22 locus co-localizes with that of the gene involved in the
autosomal dominant disorder that predisposes to the nevoid basal cell carcinoma syndrome,
a syndrome characterized by the development of basal cell carcinoma of the skin, ovarian
fibroma and medulloblastoma (20). Medulloblastoma also occurs in patients with Turcot’s
syndrome, a syndrome characterized by the concurrence of familial adenomatous polyposis
and brain tumors with a high frequency of medulloblastoma (21). Germline mutations
involving the adenomatous polyposis coli (APC) gene is the predominant genetic
abnormality seen in families with this syndrome, although mutations involving DNA
mismatch repair genes, A(MLH1 or h(MSP2, have also been described in a few families (21).
However, no mutations in these genes have been reported in sporadic medulloblastomas
(22). The occurrence of medulloblastoma as part of a syndrome complex continues to be a
strong indicator of the possible role of specific genetic events in the malignant
transformation of medulloblastoma.

Studies directed at identifying patterns of oncogene amplification or overexpression
have reported only a few examples of medulloblastoma tumors and cell lines with elevation
of c-myc expression, amplification of c-myc and c-erbl genes (23-25), elevation of N-myc
expression (26) and activation of the N-ras oncog'ehe (27). A study has reported a poor
prognostic significance in tumors expressing the c-erbB2 oncogene product (28). We have
not been able to confirm the relationship between c-erbB2 expresion and survival in

4



medulloblastoma (unpublished observations). None of the above studies have identified a
consistent pattern of genetic events that may explain the biology of medulloblastoma.

Histogenetically, medulloblastomas have been proposed to arise from primitive stem
cells which may have been arrested during their migration from the germinal matrix (7).
Such displaced cells, as well as excess precursor cells that do not establish normal neuronal
synaptic connections, are eliminated during embryogenesis by apoptosis (29). It would
appear that the underlying defect in medulloblastoma is a lack of response to differentiation
inducing factors and / or to factors that induce apoptosis. It would appear therefore, that the
deregulation of genes critical in the control of cell cycle progression and apoptotic
mechanisms may be the direct or indirect targets of genetic events predisposing to neoplasia
in medulloblastoma. Information on the molecular factor/s underlying the deregulation of
cell cycle progression in medulloblastomas is currently lacking and the nature of the
deregulation of classical signaling pathways in medulloblastoma is also currently poorly
understood.

Although the specific signaling cascade or pathway involved in neuronal
differentiation is poorly understood, a pre-requisite for the induction of terminal
differentiation is the termination of the cell’s progression through the cell cycle by the
prevention of G,/S transition. Furthermore, cell cycle progression and mitosis are tightly
controlled by the cordinate expression and precisely timed inactivation of the cyclin-cyclin
dependent kinase (cyclin-cdk) complexes (30-33). Gene amplification with resulting
overexpression of either component of the cyclin-cdk complex (reviewed in ref. 34), as well
as the loss of the expression of cdk regulatory proteins (i.e. inhibitors), such as p21cipl
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secondary to p53 inactivation, are associated with abnormal cyclin-cdk activity and a
deregulation of cell cycle control. (35,36). It may be relevant to explore the nature of the
deregulation of second messenger signaling pathways and cell cycle control genes in an
effort to understand the events that are critical for the malignant phenotype observed in
medulloblastomas. This is particularly relevant, if we are to be able to develop appropriate
therapeutic modalities, including gene therapy, that may alter the current abysmal prognosis
and survival rate of children with medulloblastoma (37). It is noteworthy that 5 year
survival rates range from 17% in the O - 3 year age group to 54% for children > 10 years

(9) and 65% overall survival for all age groups (37).

Protein kinase C and signal transduction

PKC is a multigene family of serine / threonine kinases initially characterized
through their activation in vitro by Ca *>*, phospholipid and DAG (38). There are 11
isoforms currently identified. These include: (i) the Ca ** dependent PKC «, B1, B11 and
y; (ii) Ca** independent PKC 8, €, n, 6 and p and (iii) atypical PKC £ and A (reviewed in
ref.39). While the mRNAs for PKC B1 and B11 are generated by alternative splicing from
the same PKC P gene, and differ only in the sequence of 50 amino acids at the carboxyl-
terminal end, the other PKC isozymes have been localized to different chromosomes (40).
PKC isoforms show differential tissue distribution with PKC o, 8 and { found in all tissues
and PKC y present in brain and spinal cord. The other isoforms show significant variation

in their tissue distribution (39,40).



Classical PKC isoform posseses 4 conserved regions C1 - C4 and S variable regions
V1-V5.Cl, C2, V1 and V2 form the regulatory domain while C3, C4, V4 and V5 form
the catalytic domain. V3 represents the hinge region allowing the enzyme to fold on itself
(Figure 1). The catalytic domain is located at the carboxy-terminal end and shows a high
degree of homology, not only between PKC isozymes, but with other serine / threonine
kinases and tyrosine kinases (40). The C3 and C4 regions contain the ATP binding site and
the substrate binding site, respectively. The regulatory domain possesses the binding site for
various regulators of PKC activation. The C1 region has a sequence rich in basic amino acid
residues in which alanine is substituted for serine / threonine to produce a pseudosubstrate
site. This site binds to the substrate recognition site of C4 and renders the isozyme inactive
(41). The C1 region also contains a tandem repeat of 2 cysteine-rich zinc finger structures,
the first of which binds DAG and phorbol esters while the second binds phospholipids. It
is noteworthy that in PKC £ and A, only one zinc finger is present in their C1 region
resulting in the loss of the ability to bind DAG and phorbol esters (39). In addition, the C2
region which contains the Ca?* binding site is absent in PKC 8, €, 11, 0, ut and the atypical
PKC ¢ and A thus making them Ca’>* independent.

PKC activation occurs via signal transduction cascades (Figure 2) that produce DAG
from the hydrolysis of phosphotidyl inositol 4,5-biphosphate (PIP,) into inositol 1,4,5-
triphosphate (IP,) and DAG by phospholipase C (PLC) v. The activation of PLC y occurs via
SH, domain interaction with phosphotyrosine residues on activated tyrosine kinase receptors

or via interaction with activated G proteins (reviewed in ref. 39,42). The IP, released



Figure 1 PKC and signal transduction. Activation of receptors coupled to PLC results in
the hydrolysis of PIP2 and elevation of DAG leading to the activation of PKC. PKC
activation triggers a sequence of phosphorylation events that lead to transcriptional activation
of phorbol ester inducible genes. This transcriptional activation is mediated through two

independent pathways, the rafl/MAPK and the IkB/NFkB pathways (Adapted from ref. 40).
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Figure 2 Structure of PKC isozymes. PKC isoforms have been classified into three
different groups. Group A (classical PKC isozymes) includes PKC a, B1, B11 and y. They
are Ca’* dependent and activated by phosphatidylserine (PS) and DAG/phorbol esters.
Group B (novel PKC isozymes) includes PKC 8, €, , 0, and pn. They are Ca** independent
and are activated by PS and DAG/phorbol esters. Group C (atypical PKC isozymes)

includes PKC ¢ and A. They are not receptors for DAG/phorbol esters and are Ca**

independent.
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Structure of PKC isozymes
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following the hyrolysis of PIP, mobilizes Ca >** which binds the C2 region and causes a
translocation of PKC from the cytosol to the cell membrane where it binds to the DAG
generated by the hydrolysis of PIP, The activation of PKC then generates a cascade of
signaling events that lead to the nuclear translocation of nuclear factor (NF)-kB by
phosphorylating IxB and removing its inhibitory effect on the NFxB.IkB complex (43).
Alternatively, PKC and specifically PKC o, may activate the mitogen activated protein
(MAP) kinase pathway by phosphorylating and activating ragf-I (44). The MAP kinase
pathway activation leads to the induction of transcription by AP-1 (c-jun/c-jun homodimer
or c-jun/c-fos heterodimer) and AP-2 on genes that bear the TPA response element. Sustained
PKC activation results from a second phase of generation of DAG through the hydrolysis of
phosphatidylcholine by phospholipase D (PLD) to phosphatidic acid. Phosphatidic acid is then
converted to DAG by a phosphomonoesterase. The activation of PLD presumably occurs via
tyrosine kinase activity or by PKC activity as well ( reviewed in ref. 40,42).

In the central nervous system, PKC has been implicated in long term potentiation in
neurons (45), neurite extension (46,47), release of neurotransmitters (38) and process
formation in oligodendrocytes (48,49) as well as the differentiation (50,51), morphology
(52,53) and proliferation of astrocytes (54-56). Numerous studies continue to indicate a
differential role for specific PKC isoforms in cell cycle regulation. These studies suggest that
the overall observed effect of PKC activation is tissue-specific and isoform dependent. The
effects attributed to different PKC isoforms range from cellular proliferation induced by PKC

o overexpression in Swiss/3T3 fibroblasts (57) to the induction of terminal differentiation by
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PKC B in murine erythroleukemia cells (58) and growth suppression in human colon
carcinoma cell lines by PKC BI (59). In addition, PKC o and / or d have been observed to be
involved in PKC mediated suppression of apoptosis by PMA in a plasmacytoma cell line (60)
while activation of PKC by PMA inhibits apoptosis in HL-60 promyelocytic leukemia cells
(61). Also, loss of PKC o expression correlates with the induction of differentiation in
adipocytes (62) while the down regulation of PKC a partially abrogates the mitogenic response
of Swiss 3T3 cells to bombesin and totally suppresses the mitogenic response of Swiss 3T3
cells to PMA activation (63). In rat C6 glioma cell lines, overexpression of PKC « correlates
with the malignant phenotype and rat C6 glioma cell proliferation can be inhibited by
treatment with antisense oligonucleotides to PKC a (64). In PC12 cells, PKC 6 has been
implicated in NGF induced neural differentiation (47).

Furthermore, the effect of phorbol ester stimulation of PKC is not only isoform
dependent and tissue specific (65,66), the observed effects may also be cell cycle dependent
in some cells. These effects are presumed to be partly related to a complex array of PKC-
cyclin dependent kinase (cdk) signaling pathways which influence cell cycle control by
inhibiting DNA synthesis when activated in the late G, phase, or potentiating growth factor-
induced DNA synthesis when activated during early G, phase (67,68). These examples
illustrate the significant diversity that exists in the function of different PKC isoforms,

depending on the tissue and the biological context.
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Cell Cycle Regulation
The cell cycle is characterized by the progression of cells through a sequence of phases
starting with active protein synthesis (G,), followed by DNA synthesis (S phase), mitosis
(M phase) and ultimate cell division to produce daughter cells. Cells respond to extracellular
signals in G, by either advancing toward another division or withdrawing into a resting (G,)
state with or without differentiation (reviewed in ref. 69,70). The decision to divide occurs
as cells pass the restriction point in late G, (Figure 3) after which they become refractory
to extracellular growth regulatory signals (reviewed in ref. 69,70). Transition from G, to
S phase is dependent on the activity of cdks (cdk2,cdk3, cdk4,cdkS and cdk6) that are
sequentially regulated by cyclins D,E and A. The activation of cdk results from the
phosphorylation of threonine / tyrosine residues and the binding of cyclins (reviewed in ref.
34) while inhibition of cdk activity is dependent on the activity of at least two families of
cdk inhibitors (reviewed in ref. 71, 72). D-type cyclins are induced following growth factor
stimulation and combine with cdk4 and cdk6 (reviewed in 70) to form active complexes.
Cyclin-cdk complex activities are first noted in mid-G, and increase to maximum at the G,-S
transition. Withdrawal of mitogen stimulation is accompanied by cessation of cyclin D
synthesis and exit from the cell cycle. G, phase arrest can also be achieved by the INK4
family of cdk inhibitors which include p16™*, p15™K4 p18™K4e gnd p19™K4 (reviewed in
ref.34). These inhibit the activity of cdk4 and cdké.

The cyclin-cdk complexes induce cell cycle progression by the modification of
substrates such as the retinoblastoma gene protein product, RB, and related proteins whose
activities are normally required for cell cycle exit (Figure 4) [reviewed in ref. 34]. In the
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Figure 3 Cell cycle. Progression of mitogenically stimulated cells through the cell cycle
involves the synthesis, progressive accumulation and activation of cyclin D and cyclin
dependent kinase (cdk2, cdk4, cdk6) complexes in early G,. In late G,, there is
accumulation and increased activity of the' cyclin E-cdk2 complex leading to transition
beyond the restriction point. Once the restriction point is passed, progression through the
cycle is independent of mitogenic stimulation. The S phase is characterized by the activity
of the cyclin A-cdk2 complex while G, / M phase is characterized by cyclin A/B-cdkl
activity. Exit from M to G, or G, requires the ubiquitin mediated hydrolysis of cyclin B

(Adapted from ref. 34)
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Figure 4 Restriction point control. RB phosphorylation is triggered by cyclin D-cdk
complexes resulting in the release of Rb-bound E2F. E2F activates the expression of
thymidine kinase (TK), DNA polymerase a (POL), dihydrofolate reductase (DHFR), cyclin
dependent kinase, cdkl (cdc2) and cyclin A. p21, p27, p57 and the INK4 (p16, p15, pl8,
p19) family of proteins are cdk inhibitors which inhibit the phosphorylation of RB by the
cyclin D-cdk complexes. Expression of p21 can be regulated by p53 protein. (Adapted from

ref. 34).
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hypophosphorylated state, RB and other related proteins, such as p107 and p130, form a
complex with the E2F family of heterodimeric transcriptional regulators, thereby preventing
the transactivation of genes involved in DNA synthesis (reviewed in ref. 73). This binding
affinity is lost in the hyperphosphorylated state thus releasing E2F from the inhibitory effect
of RB. RB phosphorylation is initiated by the cyclin D-cdks and accelerated by the cyclin
E - cdk2 complex (Figure 4) [reviewed in ref. 34,74,75].

While cyclin D expression does not alter significantly throughout the cell cycle,
cyclin E expression is periodic and maximal at the G,-S transition. In addition, the cyclin
E gene is E2F responsive, so that cyclin E-cdk complex can generate a positive feedback
that facilitates multiple rounds of RB phosphorylation and release of E2F from RB
inhibition. On entering S phase, cyclin E activity is terminated through an ubiquitin-
mediated proteolysis. The proteolysis of cyclin E and the phosphorylation of E2F by the
accumulation of cyclin A-cdk2 complex subsequently terminate E2F mediated
transactivation of transcription (reviewed in ref. 34).

A second family of cdk inhibitors include p21cipl, p27kip1 and p57kip2 (reviewed
in ref. 34,36). These cdk inhibitors are coordinately expressed during differentiation (30).
While p21cipl expression can be p53 dependent (33,35) or p53 independent (30,31) and
p2lcipl functions predominantly in growth control following DNA damage, p27kip1 is
probably most directly involved in restriction point control (reviewed in ref. 34). The role
of p27kip1 in growth control is demonstrated by the inability to maintain a quiescent state
in cells transfected with antisense cDNA for p27kipl (76) and the frank organomegaly and
pituitary tumors seen in the p27kip1 gene nullizygous mice (77). Sequestration of p27kip1
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into excess cyclin D-cdk complexes (78) and the acceleration of p27kip1 turnover through
a cyclinE-cdk2 mediated phosphorylation (reviewed in ref. 34) play significant roles in the
post-translational control of the levels of p27kipl. Progression through mitosis is dependent
on the activity of cyclin B-cdkl and exit from mitosis requires an ubiquitin-mediated

hydrolysis of cyclin B (reviewed in ref. 34).

Genetic events and cell cycle dysreglation
Mutations and genetic alterations involving p27kip1, p2lcipl and p57kip2
are infrequent in human tumors, suggesting that this mechanism is not the preferred method
of dysregulation of expression of these cdk inhibitors (79-82). However, recent studies have
reported a correlation between p53 mutation and low expression of p2lcipl in gastric
carcinomas and colonic adenocarcinomas (33); an observation consistent with the
demonstrated role of p53 in the regulation of p21cipl expression (35). The role of pS7kip2
in cell differentiation and proliferation has been shown by the altered proliferation and
differentiation of various organs in the p57kip2 deficient mice, in a pattern consistent with
features seen in patients with Beckwith-Wiedeman syndrome, a hereditary disorder
characterized by hemihypertrophy and predisposition to the development of Wilm’s tumor
(83).
Mutations of the INK4a (MTS1) gene have been described in familial melanoma,
as well as biliary tract (50%) and esophageal carcinomas (30%) (reviewed in ref. 34,84)
while homozygous deletions involving the INK4a locus on chromosome 9p21 occur
commonly in gliomas (55 %), mesotheliomas (55 %), nasopharyngeal carcinomas (40%),
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acute lymphocytic leukemia (30%), sarcomas, and bladder and ovarian tumors (reviewed
in ref. 34). Both homozygous deletions and mutations invoving INK4a are seen in
pancreatic, head and neck and non-small cell lung carcinomas (reviewed in ref. 34). These
observations emphasize the role of cdk inhibitors in the control of cell cycle progression and
carcinogenesis. In addition to genetic events involving cdk inhibitors, genetic events
involving the cyclins, especially cyclin D1 in the form of amplification or altered
expression, as well as cdk4 have also been reported in many tumors (reviewed in ref. 34).

While mutations and deletions involving the INK4 family of cdk inhibitors have been
reported in gliomas (reviewed in 34,85), similar analysis of medulloblastoma for p16
deletions have revealed only rare occasions of homozygous deletions of this gene (85). In
spite of the rarity of reported genetic events involving the cdk inhibitors in
medulloblastoma, it is still reasonable to presume that uncontrolled cell proliferation in
medulloblastoma is a result of the deregulation of cell signaling and activation of mitogenic
pathways. The presence of such abnormalities in the regulation of signaling pathways in
medulloblastoma is supported by the correlation of lack of trk C expression and poor
prognosis in medulloblastoma (86), overexpression of the B chain of platelet derived growth
factor and its correlation with high proliferation in medulloblastoma tumors (87), and the
implication of TGF B1 and TGF B2 in autocrine growth regulation for medulloblastomas
(88). The treatment of DAQY with phenylacetate, a non-toxic differentiation inducer, is also

associated with a decrease in TGF B production and decreased DNA synthesis and cell

proliferation in DAOY (89). All of these observations have led to a search for second
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messenger signal transducers that may play a role in the proliferation of medulloblastoma.
One signal transducer that may link epidermal growth factor (EGF) and insulin receptor
signaling with SH2 containing proteins and thus, with multiple signaling pathways is the
Grb2 associated protein, Gab1l (90). This protein is expressed in medulloblastoma and is a
substrate for EGF and insulin receptors, serving as docking protein for SH2 containing

proteins. Its overexpression is associated with enhanced cell growth and transformation (90).

Rationale

In view of the earlier reports indicating a colocalization of the region of deletion of
17p in 45% of medulloblastomas with the p53 gene locus on 17p, we hypothesized that
genetic events involving the pS3 gene may account for the malignant transformation of
medulloblastoma. In pursuance of this hypothesis, we have analysed medulloblastoma
tumors for the frequency of p53 gene mutation and mdm?2 gene amplification. The analyses
revealed p53 mutation in a minor subset of medulloblastomas. Since the underlying
mechanism/s responsible for cellular proliferation in a large proportion of medulloblastomas
remained unclear, and a sequential analysis of all genes for mutations in medulloblastoma
does not appear feasible, we hypothesized that genetic events that are important in the
biology of medulloblastoma may be accompanied by the deregulation of the activity of a
major and central second messenger signal transducer, such as PKC which is a common
intermediate converging point for multiple receptor induced signals and is further linked
downstream to multiple signaling pathways. Using in vitro cell culture of medulloblastoma
cell lines, DAOY, D283-Med and D341-Med, we examined the role of PKC - mediated
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signaling in the proliferation of medulloblastoma and correlated cellular responsiveness to
PKC modulation with the pattern of expression of cell cycle related genes. Furthermore, we
analysed medulloblastoma tumors for the pattern of expression of cell cycle regulating cdk
inhibitors, p21cipl and p27kipl and correlated their expression or lack of expression with
the expression of p53, anti-apoptosis gene product Bclz2, apoptosis index and proliferation

index.
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CHAPTER 2

P53 gene mutation and mdm?2 gene amplification are uncommon in medulloblastoma
Adekunle M. Adesina*#, Josephine Nalbantoglu* and Webster K Cavenee+*, Montreal
Neurological Institute, McGill University, Montreal, Quebec and + Ludwig Institute for
Cancer Research,University of California - San Diego, La Jolla, CA
ABSTRACT

Loss of heterozygosity is common for the short arm of chromosome 17 in
medulloblastomas and putative medulloblastoma suppressor loci have been localized to
17p13. The colocalization of the p53 tumor suppressor gene to 17p13 raises the possibility
that its mutant alleles may play a role in the malignant transformation of “medulloblasts”.
Mutations and deletions of the p53 gene have been described in many tumor types and in
the germline of some individuals with the Li-Fraumeni syndrome, but reports on the status
of the p53 gene and the mdm2 gene (a gene coding for a p53 associated protein reportedly
amplified in human sarcomas) in medulloblastomas are few and an indication of their roles,
if any, in the etiology of this important childhood tumor has yet to emerge. Here we have
analysed polymerase chain reaction amplified products of exons 4-9 (95% of reported p53
mutations occur within this region) of the p53 gene in 9 medulloblastomas for potential
mutations using the technique of single strand conformation polymorphism (SSCP) analysis
and DNA sequencing. We found only one mutation, an A-T to T-A transversion involving
the second base of codon 285 and resulting in the substitution of Valine for Glutamic acid.
In none of eight of these tumors could amplification of the mdm?2 gene be detected. These
findings suggest that genetic events associated with the inactivation of p53 gene occur in
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only a minor subset of medulloblastomas.
INTRODUCTION

Medulloblastomas account for 25% of childhood intracranial tumors. Histologically,
most of these tumors are composed of sheets of undifferentiated cellular elements. A
minority exhibit divergent differentiation with focal areas of rhabdomyosarcomatous, glial,
neuronal and melanotic differentiation (1). This feature is shared with other central primitive
neuroectodermal tumors (PNETSs).

Cytogenetic and molecular studies have shown a frequent occurrence of iso-
chromosome 17q with monosomy for 17p and trisomy for 17q (2) as well as loss of
heterozygosity (LOH) for chromosomes 17p, 10 and 21 (3-5) in some medulloblastomas.
However, studies directed at identifying patterns of oncogene amplification and / or
overexpression (reviewed in refs. 6 and 7 ) have not demonstrated any alterations with
prognostic value in medulloblastoma.

The LOH for 17p has been reported in about 45% of the small number of
medulloblastomas examined (3-5), and has allowed a tentative localization of a putative
medulloblastoma locus to 17p13 (3), although other analyses have suggested an additional
locus telomeric to 17p13 (7,8). The co-localization of the 17p13 locus with that for p53
gene locus raises the possibility of a role of the pS3 gene in the biology of medulloblastoma.
Mutations and deletions of this p53 gene have been reported in many tumors of adults
including lung and breast carcinoma, colorectal carcinoma, soft tissue sarcomas, and brain
tumors (9-12). In the latter case, progression from low grade to high grade glioma has been
shown to be associated with clonal expansion of p53 mutant cells (12).
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The pS3 gene codes for a 53kDa DNA binding protein (13) which regulates G,/S
phase transition of proliferating cells (14) by regulating the transcription of genes that
control cell proliferation and cell cycle progression including inosine 5' monophosphate
dehydrogenase (15) and cdk?2 inhibitory protein (CIP1/WAF1) (16). This ability is lost in
most mutant alleles (17) with the resultant loss of p53 mediated pauses needed to check
unrepaired DNA damage; a prerequisite for preserving the integrity of the genome (18).
The p53 gene product may autoregulate its own activity through regulation of the
expression of the mdm2 gene (19) which codes for a p53 associated protein (20) which
inactivates its activity. Amplification of mdm?2 gene has been detected in sarcomas (20,21),
and may occur as part of an amplicon including cdk4 gene and less frequently, the gli gene
(22). Mdm?2 gene amplification provides another mechanism for p53 inactivation in tumors
that do not have p53 gene mutation.

The frequency of p53 gene mutation and mdm2 gene amplification appears to differ
significantly among different solid childhood tumors, with a high frequency of p53 mutation
(23,24) or mdm2 gene amplification (20,21) detected in rhabdomyosarcoma and osteogenic
sarcoma and a low frequency of p53 mutation and / or mdm2 gene amplification in Wilm’s
tumor, neuroblastoma and hepatoblastoma (25). There have been only few reports on the
analysis of p53 gene in a limited number of medulloblastomas (11,26,27) and the data
suggest a low frequency of p53 gene mutations in these tumors. Here we report analyses
which complement these data and extend the information to the mdm2 gene. We have
analyzed the p53 gene in nine medulloblastomas and found only one tumor with a
demonstrable pS3 mutation. Furthermore, analysis of eight of these tumors showed no
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demonstrable amplification of the mdm2 gene. These data suggest that the p5S3 - mdm2
interaction is not a major target for neoplastic transformation in medulloblastoma. They
further emphasize the emerging picture of differing genetic alterations in tumors of adults

and childhood.
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MATERIALS AND METHODS

Single strand conformation polymorphism analysis (SSCP) and DNA sequencing. The
tumors analysed here have been previously analysed for LOH on 17p with LOH on 17p13
shown in three out of the nine tumors (5). SSCP analysis based on the method of Orita et
al (28) was done for exons 4-9 of the p53 gene. PCR was carried out under the following
conditions: 10mM Tris-HCI, pH 8.3, 50mM KCIl, 1.5mM MgCl, 0.01% gelatin, 200uM
of each dNTP, 50pM of each exon specific forward and reverse primer, (exon 4 -5’
TCCCCCTTGCCGTCCCAAGC 3’ (F), 5> CGTGCAAGTCACAGACTTGG 3’ (R), exon
5 -5 TACTCCCCTGCCC TCAACAA 3’ (F), 5° CATCGCTATCTGAGCAGCGC 3’
(R), exon 5-6 - 5’ CACA CCCCCGCCCG 3°(F), 5> ATGCCGCCCATGCAG 3’(R), exon
7 -5 TGACTGTA CCACGATCC 3’ (F), 5> TGTTCCGTCCCAGTAGATTA 3’ (R), exon
8-9 - 5 TCCA TCCAGTGGTTTC 3’ (F), 5 TGTTCCGTCCCAGTAGATT A3’ (R)),
Taq DNA polymerase (Gibco BRL) at 2.5 units per reaction and 1pg of genomic DNA
template. 0.5 ul of o 3P dCTP was added to a 10 reaction master mix. Amplification was
carried out in a Perkin Elmer Cetus thermocycler at 94°C for 2 min, 55-60°C for 2 min and
72°C for 3 min for 25 cycles. The amplified product was diluted 1:9 with water and an
aliquot was mixed with an equal volume of gel loading solution (95% formamide, 0.1%
bromophenol blue, 0.1% xylene cyanol), heat denatured at 95°C for 2 min, cooled on ice
and electrophoresed on 6% non-denaturing polyacrylamide gel containing 10% glycerol at
room temperature. Autoradiography was carried out for 12-24 hrs.

Asymmetric PCR product was obtained from genomic DNA using exon specific
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primers (1:50 ratio) under similar conditions as described above. The product was cleaned
with Centricon 100 and sequenced using the Sequenase version 2.0 protocol (United States
Biochem. Corp., Cleveland, Ohio).

In addition, exons 4 - 9 of the p53 gene in the tumors that did not show
conformational shift on SSCP analysis was amplified, cloned into M13 and single strands

of this region were sequenced using the Sequenase protocol.

Southern Blotting. DNA was extracted from tumor samples using the proteinase K / phenol
extraction method (29), digested with EcoR1, separated by electrophoresis in 1% agarose
and transfered to nylon filters. Southern hybridization was carried out at 42°C in 6X SSC
(1X SSC is 0.15M sodium chloride and 0.015M sodium citrate), 5X Denhardt's (1X
Denhardt's is composed of 0.1g Ficoll (Type 400, Pharmacia) 0.1g poyvinylpyrolidone,
0.1g Bovine serum albumin ( Fraction V, Sigma) per liter), 1% SDS, and 50% formamide
with 100ug /ml salmon sperm DNA and 2x10°% cpm / ml probe labelled with o 3P dCTP
by random priming (31). After overnight hybridization, the blots were washed in 0.2X
SSC/0.1% SDS at 65°C. The blots were subjected to autoradiography using Kodak films at
-70°C with an intensifying screen. A 585bp mdm2 cDNA probe was generated by reverse
transcription -polymerase chain reaction using published mdm?2 specific oligonucleotide
primers (21) and total cellular RNA from a normal human liver tissue as template. A probe
for the chromosome 12p locus D12S2 was obtained from the Amerian Type Culture

Collection and used as an internal control for correction for chromosome 12 polysomies and
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differential loading of lanes. The blots were also probed with a 534bp cdk4 cDNA probe,

pK4-PCR ( kindly provided by Dr T Look of St Jude Children's Hospital, Memphis, TN).
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RESULTS

Single strand conformation polymorphism analysis (SSCP) and gene sequencing: SSCP
analysis of exon 8-9 revealed a conformational shift in one of the tumors when compared
with normal peripheral blood lymphocytes (Figure 1). Subsequent sequencing of exons 8
and 9 revealed an A-T to T-A transversion involving the second base of codon 285 and
resulting in the substitution of Valine for Glutamic acid (Figure 2). This mutation lies within
the conserved domain V of the p53 gene. Exons 4, 5, 6 and 7 revealed no demonstrable
conformational shift in any of the tumors (data not shown). Furthermore, sequencing of
M13 clones from the other tumors that did not demonstrate a conformational shift on the
SSCP analysis did not reveal any mutations.

Analysis of mdm2 and cdk4 genes: Southern blot analysis of Sug of Eco R1 digested
genomic DNA revealed the expected bands for the mdm?2 gene (21) (Figure 3). Correction
for differential loading of the lanes and polysomies for chromosome 12 was done with the
chromosome 12p specific DNA single copy gene, D12S2. Comparison of the band
intensities by densitometry revealed no demonstrable amplification of the mdm2 gene in any
of the tumors. Similarly, there was no demonstrable amplification of the cdk4 gene in these

tumors (Figure 3).

43



Figure 1 SSCP analysis of exons 8 - 9 of the p53 gene in 6% non-denaturing
polyacrylacrylamide gel with 10% glycerol showing conformational shift in the single
strands of tumor 8T. 2B and 8B represent PCR products from DNA isolated from
peripheral blood of cases 2 and 8 and serve as controls. 8B-ND is a non-denatured

double stranded DNA product .
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Figure 2 Sequencing of asymmetric PCR product of exons 8 - 9 of tumor 8T
reveals an A-T to T-A transversion involving the second base of codon 285 resulting in

the substitution of Valine for Glutamic acid. @
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Figure 3 Southern blot analysis of Eco R1 digested DNA probed with mdm?2 and
cdk4 cDNA. Correction for differential loading and chromosome 12 polysomy with

D12S2 shows no amplification of either the mdm?2 gene or the cdk4 gene.
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DISCUSSION

The analysis of exons 4 to 9 of the p53 gene has revealed a mutation in only one
of the nine medulloblastomas. This mutation lies within the conserved domain V of the
p53 gene and is due to an A-T to T-A transversion involving the second base of codon
285 resulting in the substitution of valine for glutamic acid. Mutations within this
region have been reported to alter the conformation of the p53 protein product resulting
in a change in the transcriptional activity and the half-life of such protein product (17).
The tumors analysed here have been previously shown to have LOH on 17p in three out
of the nine tumors (5) so that only one of these three has a demonstrable p5S3 mutation.
The other six tumors retained both alleles for markers in 17p13. This is in sharp
contrast to lung and glial brain tumors, among others (12,31), in which there is a high
correlation between LOH on 17p and the presence of p53 mutation / deletion. These
data complement and extend other reports which show p53 mutations in
medulloblastoma / PNET tumors to range from none of 12 tumors and 1 of 3 cell lines
(27), to 2 of 11 (26), 2 of 20 (7) 0 of 7 (8) and 1 of 9 (this study). Thus the overall
incidence is about 8%, strengthening the suggestion of another tumor suppressor gene
locus on 17p which might also play a role in the transformation and / or progression of
medulloblastoma.

A review of the spectrum of p53 mutations in various tumors including malignant
glial tumors and colorectal carcinoma shows a predominance of G:C to A:T transitions
among these mutations. Most of these transitions occur at CpG islands and presumably
result from the deamination of 5-methyl cytosine found at CpG sites (32). In addition,
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p53 mutations in liver and lung are frequently dominated by G:C to T:A tranversions,
a finding suggesting selective targeting of some of these mutational hotspots by specific
carcinogens such as benzpyrene through the formation of DNA adducts with guanine
(33). Since most of the tumors with high prevalence of p53 mutation are adult tumors,
selective targeting of the p53 mutational hotspots following prolonged exposure to
environmental carcinogens probably plays a role in the mechanism of acquisition of p53
mutations by the transformed cells. In contrast, medulloblastoma is a childhood tumor
sometimes seen in congenital form and rarely seen in adults. The low frequency of p53
mutations in medulloblastomas is consistent with the hypothesis that prolonged exposure
to certain environmental mutagens may not play a major role in the etiopathogenesis of
these childhood tumors.

Another mechanism of p53 inactivation is through the amplification of mdm?2
gene, the protein product of which binds and inactivates wild type p53 (20).
Amplification of this gene has been reported in some sarcomas (20,21) thus providing
another mechanism for p53 inactivation in tumors that do not have p53 mutation. The
role of this gene in the biology of medulloblastomas has not been reported. Here, we
were not able to demonstrate amplification of the mdm?2 gene in 8 of these tumors, thus
excluding a major role for this gene in the biology of this set of medulloblastomas.
Furthermore, we conclude that a lack of demonstrable cdk4 amplification makes a major

role for the mdm?2-cdk4-gli gene amplicon in the biology of these tumors unlikely.
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CHAPTER 3

Although we have demonstrated mutation of the p53 gene in a subset of
medulloblastomas, a large proportion of these tumors do not appear to undergo
malignant transformation via this pathogenetic mechanism. Similarly a p5S3-mdm2
interaction is not a method of p53 inactivation in these tumors. However, it is reasonable
to presume that uncontrolled cell proliferation in medulloblastoma is a result of the
deregulation of cell signaling and activation of mitogenic pathways. To understand the
nature of this deregulation, a sequential analysis of all possible genes for mutations in
medulloblastoma does not appear feasible. We hypothesized that genetic events that are
important in the biology of medulloblastoma may be accompanied by the deregulation
of the activity of a major and central second messenger signal transducer, such as protein
kinase C which serves as a common converging point for signals transduced from the
activation of tyrosine kinase receptors and G proteins. Such an analysis may provide an
insight into the nature of the deregulation, if any, of PKC isoforms as second messenger
transducers, a phenomenon which may be seen, even if the initiating genetic events

differ.
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Differential role for Protein kinase C - mediated signaling in the proliferation of
medulloblastoma cell lines
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City, OK and Montreal Neurological Institute, McGill University*, Montreal, Quebec
ABSTRACT

Recent studies have implicated protein kinase C (PKC)-mediated signaling in the
proliferation of gliomas. In this study, we have investigated the role of PKC mediated
signaling in the proliferation of medulloblastoma cell lines DAOY, D283-Med and
D341-Med. By Western blot analyses, conventional PKC (cPKC) a was detectable in
DAOY only, while atypical PKC (aPKC) £ was present in all three cell lines. cPKC B1,
B11, y, novel PKC (nPKC) 8, and &€ were not detectable in all cell lines. Antisense

oligonucleotides to PKC o, Calphostin C (a specific PKC inhibitor) and prolonged

treatment with phorbol 12-myristate 13-acetate (PMA) with downregulation of cPKC o
caused a decrease in proliferation in DAQY and no effect on D283-Med. Furthermore,
PMA treatment was associated with upregulation of p21cipl in DAQY. Since cPKC o
is the only PMA responsive isoform in DAQY, this observation implicates the cPKC o
isoform in the proliferation of DAOY but not in D283-Med. A comparison of DAOY
and D283-Med showed a higher proliferation index in DAQY. In contrast, multiprobe
riboquant ribonuclease protection assay revealed higher levels of p27 kip1 and p21 cipl

mRNA in D283-Med. These transcripts were barely detectable in untreated DAOY.
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These observations indicate possible significant molecular heterogeneity among
medulloblastoma cell lines with implications for differing biology among

medulloblastoma cell lines and tumors.

INTRODUCTION

Medulloblastomas represent a major group of pediatric central nervous system
tumors accounting for about 25% of childhood intracranial tumors. These tumors also
occur in the adult population, but at a much lower frequency . While the histologic
phenotypes of medulloblastoma have been well characterized with some associated
significant prognostic implication (1), the major molecular determinants of malignant
transformation and tumor biology in medulloblastoma and related primitive
neuroectodermal tumors remain poorly characterized. To understand the biology of
medulloblastoma, there is a need for an in vitro system where the role of some of the
proteins involved as major and central second messengers in signaling, such as PKC, can
be systematically analyzed.

PKC is a major signal transducer in the central nervous system (CNS) with
important role in normal neuronal functioning, including long term potentiation and
neurotransmitter release (2-4). PKC is a multigene family of serine/threonine kinases
initially characterized by their response to Ca?*, phospholipid and diacylglycerol (DAG)
induced activation (5).There are eleven different isoforms currently identified. These
include the Ca®* dependent conventional PKC (cPKC) o, B1, B11 and y which are
activated by DAG, phorbol esters and phospholipids (reviewed in ref. 6,7), the Ca**
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independent novel PKC (nPKC) §, €, n, 6, and p which are also activated by DAG and
phospholipids, and the Ca®* independent atypical PKC (@aPKC) ¢ and A which are
activated by phospholipids only (reviewed in ref. 6,7).

PKC mediated signaling involves the cle}ssical pathway characterized by a series
of phosphorylation and dephosphorylation events leading to the nuclear translocation of
nuclear factor kB and the transcriptional activation of genes with the rel response element
(8). More recent studies have implicated PKC also in the activation of the mitogen
activated protein kinase (MAPK) pathway resulting in the activation of c-jun / c-fos (AP-
1) heterodimer and activation of genes with the TPA response element, among others
(9,10), with the ultimate modulation of cellular growth and response to mitogens.
Specifically, in NIH 3T3 fibroblasts, cPKC a activates raf-1 by direct phosphorylation,
leading to activation of MAPK kinase (9). In CHO.10T1/2 cells, activation of MAPK
depends on cPKC a, B1 and y but not PKC € (10) while during angiotensin II induced
vasoconstriction in vascular smooth muscle cells, the PKC mediated activation of MAP
kinase is dependent on nPKC & but not cPKC o (11). These examples illustrate the
diversity in the function of PKC isoforms, depending on the tissue and the biological
context in which they are activated.

Current observations continue to indicate a differential role for specific
PKC isoforms in cell cycle regulation and more importantly, suggest that the overall
observed effect of PKC activation is tissue-specific and isoform dependent. These effects

range from cellular proliferation induced by PKC o overexpression in Swiss/3T3
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fibroblasts (12) to the induction of terminal differentiation by PKC B in murine
erythroleukemia cells (13) and growth suppression in human colon carcinoma cell lines
by PKC BI (14). In addition, PKC o and / or & have been observed to be involved in
PKC mediated suppression of apoptosis by PMA in a plasmacytoma cell line (15) while
activation of PKC by PMA inhibits apoptosis in HL-60 promyelocytic leukemia cells
(16). Also, loss of PKC a expression correlates with the induction of differentiation in
adipocytes (17) while the down regulation of PKC a partially abrogates the mitogenic
response of Swiss 3T3 cells to bombesin and totally suppresses the mitogenic response
of Swiss 3T3 cells to PMA activation (18). In rat C6 glioma cell lines, overexpression
of PKC a correlates with the malignant phenotype and rat C6 glioma cell proliferation
can be inhibited by treatment with antisense oligonucleotide to PKC o (19).
Furthermore, the effect of phorbol ester stimulation of PKC is not only isoform
dependent and tissue specific (20,21), the observed effects may also be cell cycle
dependent in some cells, and are presumed to be partly related to a complex array of
PKC-cyclin dependent kinase (cdk) signaling pathways which influence cell cycle control
by inhibiting DNA synthesis when activated in the late G, phase, or potentiating growth
factor-induced DNA synthesis when activated during early G, phase (22,23).

Cell cycle progression through G, phase following mitogen or growth factor
stimulation is under the regulatory activity of cdks including cdk4 / cdk6 and cdk2 which
are themselves regulated by cyclins D and E respectively (24-28). Positive or negative

regulation of cellular transit through G, to G,/S phase by growth factors occurs either
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through the activation or inhibition of the formation of active cyclin-cdk complexes
respectively (29,30). This inhibition of cyclin-cdk complexes is effected by the
upregulation of cyclin-cdk inhibitors including p21cipl and p27kip1 which tightly bind
to and inhibit the activity of cyclinD-cdk4 and cyclinE-cdk2 (31-35). For example, such
an upregulation of cdk inhibitors including p21cipl, p27kipl and p15™* is seen
following exposure of epithelial cells to transforming growth factor B and results in the
inhibition of DNA synthesis and negative regulation of growth (34 -38). Although, both
p2icipl and p27kipl function as cdk inhibitors, the specific pathways and conditions
under which they function appear to differ. p21cipl appears to function predominantly
but not exclusively in pathways that monitor the cell’s internal state including the
detection of DNA damage which is p53 dependent (38-40), while p27kip1 is involved
in pathways that sense both mitogenic and antiproliferative extrinsic signals (41).
However, it is noteworthy that p21cip1 upregulation occurs via both pS3 dependent (38-
40) and p53 independent pathways (42).

We have chosen to study the medulloblastoma cell lines DAOY, D283-Med and
D341-Med which represent some of the major phenotypic variants of medulloblastoma
with DAQY having been derived from a desmoplastic medulloblastoma (43) and lacks
neurofilament protein (NFP) expression while D283-Med and D341-Med were derived
from classic medulloblastomas and both express NFP (44). The proliferation indices for
these cell lines were first determined and correlated with the pattern of expression of
c¢PKC isoforms, as well as cell cycle control genes. The effect of PKC modulation on

cell growth in DAOY and D283-Med following prolonged treatment with PMA,
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Calphostin C and antisense oligonucleotides to cPKC o was also assessed. Only DAOY
showed inhibition of proliferation following the downregulation or inhibition of PKC «
by these treatments. PKC-mediated signaling did not appear to play a significant role in
the proliferation of D283-Med, attesting to the differential role played by these signaling

pathways in the proliferation of medulloblastoma cell lines.
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MATERIALS & METHODS

Cell culture, RNA extraction and reverse transcription/polymerase chain reaction
(RT/PCR)

The medulloblastoma cell lines were obtained from the American Type Culture
Collection, and grown in Minimum Essential Medium with Earle's salts and
supplemented with non-essential amino acids and 10% fetal calf serum. The cells were
grown until subconfluent, harvested and total RNA isolated using the guanidium
isothiocyanate method of Chomszynski (45). The qualitative detection of cPKC
transcripts was done by using the technique of reverse transcription and polymerase
chain reaction (RT/PCR). PCR was carried out under the following conditions: 10mM
Tris-HCI, pH 8.3, 50mM KCl, 1.5mM MgCl, 0.01% gelatin, 200uM of each dNTP,
S0pM of each cPKC isoform specific forward and reverse primer, AMV reverse
transcriptase (Gibco-BRL) at 2 units per reaction,Taq DNA polymerase (Gibco BRL)
at 2.5 units per reaction and 1ug of total cellular RNA as template. 0.5 pl of a*?P dCTP
was added to a 10 reaction master mix. Sequences for the cPKC isoform specific
oligonucleotide primers have been previously published (46). Amplification was carried
out in a Perkin Elmer Cetus thermocycler at 50°C for 10 min, followed by 94°C for 2

min, 60°C for 2 min and 72 C for 3 min for 25 cycles. 25ul of the product was

electrophoresed on 8% non-denaturing polyacrylamide gel at room temperature.
Autoradiography was carried out at room temperature for 1-3 hrs. Total cellular RNA

from adult and fetal brains were analysed under the same conditions and served as
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controls. Tubes with similar reaction mixture but containing f actin specific primers

instead of the cPKC isoform primers were run concurrently with each experiment under

the same conditions and they also served as controls.

Western blotting

For the detection of PKC isoform specific proteins, subconfluent cell cultures
were harvested by trypsinization and centrifugation, followed by washes and final lysis
in 2X SDS gel electrophoresis sample buffer (100mM Tris.HCI, pH 6.8, 200nM
dithiothreitol, 4% SDS, 0.2% Bromophenol blue, 20% Glycerol) and heated in a boiling
water bath for 10 minutes. 50ug or 100ug of whole cell extracts were electrophoresed
in 12% SDS gels and transferred to nitrocellulose membranes. Immunoblot analysis was

carried out with PKC isoform specific antibodies to PKC a, 3 (cross reactive with f1

and B11), v, 9, ¢ and € at 2 pg/ml (Gibco BRL). Detection of immunoreactivity was
done with peroxidase conjugated secondary antibodies at 40mU/ml (units specified by
the manufacturer) followed by chemiluminescence as per the manufacturer’s protocol
(Boehringer Mannheim).

For the determination of the effect of PKC modulation on cell proliferation, cells
were plated unto 60mm culture dishes and treated with antisense oligonucleotides to
PKC a, PMA and Calphostin C and using appropriate controls (details below). Cells
were harvested at 36 hours and 72 hours post-treatment. Ther were lysed in 2X SDS

gel-loading buffer and heated in a boiling-water bath for 10 minutes. The samples were
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processed for electrophoresis in 8% SDS-polyacrylamide gel. 50ug of total cellular
protein was electrophoresed and transferred to nitrocellulose. Blocking was done with
5% non-fat dried milk, followed by incubation with rabbit polyclonal anti-PKC o
antibody (Gibco, BRL) for 2 hours, rinsed 3x in PBS, incubated with biotinylated goat
anti-rabbit antibody for 2 hours, rinsed 3x in PBS, followed by incubation with
streptavidin horse-radish peroxidase conjugate for 30 minutes, rinsed 3x in 150mM
NaCl, 50mM Tris.HCI (pH 7.5), followed by treatment with diaminobenzidine (DAB)

7).

Treatment with antisense oligonucleotide, phorbol 12-myristate 13-acetate (PMA),
calphostin C, immunocytochemistry and proliferative index (PI) determination
Cells were plated on 12 multiwell plates (2 x 10°) or 60mm dishes (1 x 10*) and grown
under similar conditions as stated above. In addition, 24 hours post-plating cells were
treated with 5SuM of HPLC-purified antisense phosphorothioate oligonucleotides to PKC
o (5'-CCCGGGAAAACGTAGCC AT-3") (16) with SuM of nonspecific oligonucleotide
as control (5'-CCTGGAGAGCCAATCAG CCAG-3') (16). Preliminary experiments
indicated that lower concentrations of antisense oligonucleotides were ineffective while
higher concentrations (10uM) were cytotoxic. Other treatment groups consisted of 100ng
of PMA with 4—a-PMA as control or 100 nM of Calphostin C with untreated cell plates
serving as control. Antisense oligonucleotides were added every 36 hours . After 3 days

of treatment, cells were pulsed with 10mM of Bromodeoxyuridine (BrdU) for 3 hours,
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then rinsed 2x with PBS, fixed in 70% ethanol and air dried. It is to be noted that D283-
Med grows predominantly in suspension with a few adherent cells. Therefore for this cell
line, following pulsing with BrdU, the adherent cells were scraped with spatula and all
cells aspirated into a centrifuge tube, followed by centrifugation for 5 minutes at
1200rpm, then 2x washes with PBS, with each wash followed by centrifugation. The
cells were then spun unto slides using a cytospin. They were fixed in 70% ethanol and
air dried. All fixed DAOY and D283-Med cells on plates or slides were subsequently
processed in a similar fashion. They were then washed 3x in PBS, treated for 10min with
2N HCI, 3x washes with PBS, neutralized with 0.1M Sodium borate, pH 9.0, washed
with PBS, treated with mouse monoclonal anti-BrdU 1:25 (Becton-Dickinson) and
incubated at room temperature for 45 min. Subsequent treatments include, 3x washes in
PBS, application of biotinylated universal secondary antibody (Research Genetics, Inc,
Huntsville, AL) and incubation for 45 min, 3x washes in PBS, treatment for 15 min with
streptavidin horse-radish peroxidase conjugate, 3x washes with PBS, followed by DAB
for Smin, rinsed in PBS and stained with hematoxylin. The proliferative index is defined
as a proportion of anti-BrdU positive cells obtained by random counting of five hundred
cells in multiple fields. Treatments were done in triplicates and the mean values of the
proliferative index of treatment groups were compared with those of controls using the

Student’s t test. Each experiment was repeated three times.
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In situ Apoptosis detection

The detection of apoptosis, if any, in the DAOY and D283-Med cells following
treatment with antisense PKC o oligonucleotides, PMA and Calphostin C was done using
the Oncor ApopTag kit (Oncor, Gaithersburg, MD) following the manufacturer’s
protocol. This kit is based on the simple principle that morphologic apoptosis is a distinct
physiologic process characterized by a multistage process of DNA fragmentation into
multimers of about 180 bp nucleosomal units (seen as DNA laddering on agarose gels)
with the generation of a multitude of new 3'OH DNA ends. These 3'OH DNA ends are
tailed with Digoxigenin-dUTP in a reaction catalyzed by the enzyme terminal
deoxynucleotidyl transferase (TdT). Detection is then done with peroxidase conjugated
antidigoxigenin antibodies followed by DAB. The use of an in situ method has the
unique advantage of being able to provide a single-cell sensitivity which may not be
achievable with standard DNA agarose gel methods for detecting DNA laddering. Cells
were fixed in 5% neutral buffered formalin, dried at 60°C and washed in PBS, followed
by proteinase K digestion (20pg/ml) x 15 minutes, 4x washes in distilled water,
quenching of endogenous peroxidase with 2% hydrogen peroxide, treatment with
equilibration buffer, application of TdT/reaction buffer mix, followed by stop/wash
buffer and then anti-digoxigenin-peroxidase, 3x washes in PBS and detection of positive
reaction with DAB. The slides were counterstained with methyl green and mounted with

permount. Positive controls were obtained by treating cells with DNAse (1pg/ml) before
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the TdT reaction step. Negative controls were obtained by omitting the TdT reaction

step.

Multiprobe Riboquant RNase Protection Assay (RPA)

Quantitative RNase protection assay was done using the multiprobe riboquant RPA kit
(Pharmingen, San Diego, CA) and following the manufacturer’s protocol. Briefly, the
RNA probe for the RPA was synthesized by in vitro RNA trancription using a
multiprobe cocktail of DNA templates for cell cycle regulatory genes (hCC-1 and hCC-
2). The probes were labelled by the incorporation of [o**P]JUTP during the probe
synthesis. The reaction was terminated by adding DNase, and the free nucleotides
separated from the synthesized radiolabelled RNA transcripts using
phenol/chloroform:isoamyl alcohol. 2 pg of total RNA from each of the treatment
groups or cell line was hybridized overnight (16 hours) to the hCC-1 or hCC-2 cocktail
of riboprobes (4 x 10° cpm/pl) at 37 degrees C. This was followed by RNase digestion,
proteinase K treatment, extraction with phenol/chloroform and ethanol precipitation.
Dried samples were dissolved in loading buffer and electrophoresed in 40 cm 6%
sequencing gel. 4000 cpm/lane of the synthesized riboprobes served as size markers. The
gels were dried and exposed overnight for autoradiography. The relative ratio of the
band intensity for each specific gene to that of GAPDH which served as internal control
was determined for each lane by densitometry. The Hela cell RNA provided by the

manufacturers served as positive control.
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RESULTS

The proliferation indices of the medulloblastoma cell lines, DAOY, D283-Med
and D341-Med were initialy determined by the BrdU incorporation assay. This assay
revealed significant differences in the proliferation of the three cell lines with DAOY >
D283-Med > D341-Med (Figure 1, p<0.05, Students t test). Although an earlier report
may have indicated no significant difference in the doubling time of D283-Med and
DAOY (44), we have cénsistently observed a significant difference in the proliferation
indices of these cell lines.

To determine if differential expression of cPKC isoforms might account for these
differences in proliferation index, RT-PCR for cPKC isoforms was performed. RT-PCR
revealed detectable transcripts for cPKC o in DAQOY and D283-Med. Although the RT-
PCR was not designed to be quantitative, and being fully aware of the fact that
quantitative estimates have significant limitations when applied to RT-PCR, we noted
that the intensity of the bands obtained following RT-PCR for PKC « transcripts in
DAQY is much stronger than that obtained for D283-Med (Figure 2). PKC B1
transcripts were not detected in any of the three cell lines (Figure 2) while PKC BII
transcripts were noted to be differentially expressed in the three cell lines (Figure 2). The
lack of PKC B1 expression in all the cell lines contrasts with its demonstrable expression
in both the adult brain and the 16 week fetal brain controls. The detection of PKC o
transcripts and the detection of P actin transcripts at relatively similar levels in all the

cell lines confirm that the lack of detection of cPKC B1 expression is not due to RNA
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Figure 1 Comparison of the proliferation indices between DAOY, D283-Med and
D341-Med. Proliferation indices were determined by incorporation of BrdU as described
in materials and methods. Note that the proliferation index of DAOY is higher than that .

of D283-Med and D341-Med (p <0.05 by Student’s t test)
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Figure 2 Expression of cPKC transcripts in medulloblastoma cell lines.Total

cellular RNA was used as template in the RT/PCR protocol (25 cycles) with

incorporation of [a—**P] dCTP, followed by electrophoresis on polyacrylamide gel and
autoradiography as described in methods. (A) shows PKC o with qualitatively higher
signal intensity in DAQY, (B) shows no detectable PKC B1 transripts in the three cell
lines, [C] shows differential expression of PKC B11 transcript in the three cell lines,

(D) shows comparable levels of f actin transcript in all test samples, which were run

under similar conditions as those for the PKC isoforms. FB = fetal brain, AD = adult

brain. Line indicates the size of the specific band.
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degradation (Figure 2). In addition, there were no demonstrable cPKC y transcripts in
any of the cell lines (data not shown). The expression of cPKC y has been associated in
the literature with mature neurons only (3). It is noteworthy, that no PKC «, BI and 811
mRNA transcripts were detected in D341-Med (Figure 2).

To determine if there is a relationship between the presence of cPKC mRNA
transcripts and the expression of the cPKC isoforms at the protein level, Western blot
analyses were performed. Immunoblots revealed the expression of an approximately
80kDa cPKC a isoform protein in DAOY only (Figure 3A). A faint approximately
68kDa band is seen in D283-Med when reacted with the antibodies to PKC a. Since 80
kDa represents the expected size of the PKC a isoform, the smaller size band may
represent a truncated or modified form of the PKC a protein. In addition, cPKC 81, 811
and v, as well as nPKC 0 and € were not detectable in any of the cell lines (data not
shown). aPKC C protein is expressed as a 75-80kDa doublet in DAOY and as a single
75kDa band in D283-Med and D341-Med (Figure 3B). The possible differential
expression of cPKC oo mRNA transcripts between DAOY and D283-Med as observed
in the RT-PCR, is consistent with our demonstration of the 80kDa PKC a protein by
immunoblot in DAOY only. In spite of the detection of cPKC BII mRNA trancripts in
DAQY and D283-Med, cPKC B11 proteins were not detected by immunoblotting and
flow cytometry (data not shown) in the three cell lines.

To further define the role of PKC a in the biology of the medulloblastoma

cell lines, DAOY and D283-Med cell lines were treated with antisense phophorothioate
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Figure 3 Expression of PKC isoforms in medulloblastoma cell lines. 50ug or
100pg of total cellular protein extract was electrophoresed in 12% SDS/Polyacryamide
gels. Immunoblots show the detection of (A) an 80kDa cPKC a protein in DAQOY only.
The faint band of 68kDa band in D383-Med may represent a truncated or modified form
of this isoform. (B) aPKC { can be seen as a 75 - 80kDa doublet in DAQY and as a

single band in D283-Med and D341-Med. cPKC $1, B11, y and nPKC 8 and € were not

detected (data not shown).
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oligonucleotides (SuM) to PKC a or PMA at a concentration of 100ng/ml or Calphostin
C at a concentration of 100nM. Appropriate non-specific antisense controls, 4- o« -PMA
controls and untreated control cells were set up respectively. There was a demonstrable
25+/-1.9% decrease in proliferation index (PI) following antisense treatment in DAOY
(Figure 4A). Treatments with PMA and Calphostin C resulted in 36+/-2.4% and
35+/-2.1% decrease in proliferation, respectively and are statistically significant with
p <0.05. Morphologic changes were observed in the PMA treated group in which cells
tended to become rounded with fewer cell processes when compared with the 4-a-PMA
treated controls (Figure 5). This phenotypic effect of PMA has recently been attributed
to PKC a modulation and linked to the inactivation of E cadherin in HT-29 human
intestinal cells (48). No significant changes in proliferation index or phenotype were
observed in D283-Med following similar treatment with antisense PKC «
oligonucleotides, PMA and Calphostin C (Figure 4B).

Immunoblotting with anti-PKC a antibodies and densitometric scanning revealed
a significant decrease in the level of PKC a protein following treatment of DAQY for
72 hours with PMA (approximately 47% reduction, Figure 6), antisense
oligonucleotides to PKC a (approximately 21% reduction, Figure 6) and Calphostin C
(approximately 48 % reduction, Figure 6). Although, a reduction in PKC o protein is
not necessary to observe the inhibitory effect of Calphostin C, we have consistently

observed this effect of Calphostin C on PKC o protein level. No significant decrease in
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Figure 4 Effect of down regulation of cPKC o on the proliferation index of
medulloblastoma cell lines (A) DAOY (B) D283-Med following treatment with antisense
PKC a oligonucleotide (column 3), PMA (column 1) Calphostin C (column 5) and
“corresponding antisense (column 4), 4- a -PMA (column 2) and untreated Calphostin

C controls (columns 6) using the BrdU incorporation assay, indicates statistically
significant difference in proliferation in DAOY only when compared to appropriate

controls (p <0.05).
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Figure 5 Effect of PMA treatment on the phenotype of the DAOY cell line
following treatment with (A) 4-a-PMA and (B) PMA. Note the tendency for PMA @

treated cells to round up and to form less prominent processes.

81



82




Figure 6 Determination of PKC a protein levels following treatment of DAOY
with PMA (lanes 1-4), antisense oligonucleotides (AS) to PKC o (lanes 5-8) and
Calphostin C (lanes 9-14).Treatment was carried out for either 36 hours (lanes
1,2,5,6,9,10) or 72 hours (lanes 3,4,7,8,11-14). Appropriate controls were analyzed
concurrently; 4- a - PMA (lanes 2 and 4); control oligonucleotide (lanes 6 and 8);
vehicle control (lanes 10 and 12); control PKC a polypeptide block (lanes 13 and 14).
Note the decrease in PKC o protein at 72 hours following treatment with PMA (lane 3
compared with lane 4), following treatment with antisense to PKC o (lane 7 compared

with lane 8) and following treatment with Calphostin C (lane 11 compared with lane

12).
Treatment AS PMA Calphostin C
Reduction of PKC a protein (%) 21 47 48
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PKC a protein was detected in similarly treated DAOY cells when harvested at 36 hours
post treatment. The decrease in the level of cPKC a protein after 72 hours of treatment
is consistent with the observed decrease in proliferation index in DAOY and also offers
an explanation for the modest decrease in proliferation observed after cPKC o antisense
treatment. These experiments were carried out in the presence of serum. The presence
of other growth factors that are able to activate alternate mitogenic pathways independent
of PKC may account for these modest decreases in proliferation index. Carrying out
these experiments in the presence of serum is probably a more realistic simulation of the
in vivo state in which these tumors are continually exposed to the mitogenic effect of
serum growth factors. The decrease in proliferation index in DAQY following PKC
modulation, may reflect the relative role of this signaling pathway in the proliferation
of DAOY.

Furthermore, we were interested in determining the effect of PKC modulation
on the pattern of expression of cell cycle related genes in DAOY. Using the multiprobe
riboquant RPA with probes for cell cycle related genes, we noted no significant
alteration in the expression of p18, p27kip1, p57kip2, cdkl, cdk2, cdk3, cdk4, pRB, and
p53 in the antisense PKC a, PMA and Calphostin C treated groups (Figures 7 and 8).
However, a 6 to 7 fold upregulation of the expression of the mRNA transcript for
p2lcipl was noted following prolonged treatment with PMA for 36 hours and 72 hours
(Figure 7). The upregulation of p2lcipl was pot seen in the antisense PKC o and

Calphostin C treated cells. Therefore, this upregulation may not be due to PKC o
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Figure 7 Analysis of transcripts for cell cycle regulatory genes after modulation of
PKC expression in DAOY cell line. Multiprobe RPA analysis was carried out with the
multiprobe cocktail hCC-2. Treatment of cells was as follows: antisense (AS) PKC o
(1), antisense control (2), PMA(3), 4—a-PMA (4), Calphostin C (5), Calphostin C
control (6). Note the upregulation of p21cip1 in the PMA wreated cells (lane3) compared

with the 4-a-PMA control (lane 4). Hela cell line served as control.

Treatment AS PMA Calphostin C

Upregulation of p21cipl - 6-7x -

(The numbers were derived from the densitometric scanning of several different

autoradiographic exposures)
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Figure 8 Analysis of transcripts for cell cycle regulatory genes after modulation of
PKC expression in DAQY cell line. Multiprobe RPA analysis was carried out with the
multiprobe cocktail hCC-1. Treatment of cells was as follows: antisense PKC a (1),
antisense control (2), PMA(3), 4-a-PMA (4), Calphostin C (5), Calphostin C control
(6). Note the upregulation of p21cip1 in the PMA treated cells (lane3) compared with

the 4-a-PMA control (lane 4). Hela cell line served as control.
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inhibition but related to other PMA specific effects. Since DAOY is known to contain
a mutant pS3 (49), it is reasonable to presume that the upregulation of p21cip1 observed
in this cell line represents a p53 independent modulation of p21cip1 expression. Analysis
of the PMA treated DAQY cells for apoptosis revealed that this upregulation of p21cip1
did not induce apoptosis as assessed with the Oncor apoptag (TUNEL assay) kit.
Following our observation of a barely detectable and relatively low level of
p2licipl expression in the untreated DAOY, we compared the pattern of expression of
these cell cycle related genes in untreated DAOY and D283-Med using the multiprobe
riboquant RPA kit. This analysis confirmed the earlier observation of barely detectable
levels of p2lcipl and p27kipl in DAQY (Figure 9). In contrast, p2lcip] mRNA
transcripts and more significantly p27kipl mRNA transcripts were expressed at higher
levels in D283-Med. Densitometric analysis showed about 14 and 7 fold higher levels
of p27kip1 and p21cipl, respectively, in D283-Med when compared with DAOY. This
differential expression of p2licipl and p27kipl between DAOY and D283-Med is

consistent with the observed lower proliferation rate in D283-Med.
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Figure 9 Analysis of transcripts for cell cycle regulatory genes in untreated cell
lines DAOY and D283-Med with the multiprobe cocktail hCC-1 (A) and hCC-2 (B).
Despite the unequal loading between DAOY and D283-Med lanes, it is evident that
p2lcipl and p27kip1 transcripts are barely detectable in DAOY in comparison to the

much higher levels of these two transcripts in D283-Med. Hela cell line served as

control.

Ratio of DAOY:D341-Med
p2lcipl 1:14
p27kipl 1:7

(The numbers were derived from the densitometric scanning of several different

autoradiographic exposures)
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DISCUSSION

Current hypotheses based on immunochemical characterization of primitive cells of the
external granular layer and the germinal matrix of the posterior medullary velum have
implicated the immature cells of the external granular layer as the precursor cells of
desmoplastic medulloblastoma while incompletely migrated precursor cells either
originating in the rhombic lip or in the germinal matrix of the posterior medullary
vellum have been proposed as the precursors of classic medulloblastoma and related
PNETS (50,51). The superficial proliferative and the deep zone of premigratory cells
of the external granular layer, as well as the intermediate zone cells of the ventricular
germinal matrix have been reported to be composed of cells showing among others,
immunoreactivity for p7SNGFR (51). In contrast, cells in the proliferative zone of the
ventricular germinal matrix are notably negative for p7SNGFR (51). The DAOY cell
line was originally developed from a desmoplastic medulloblastoma (42,49) while the
D283-Med and D341-Med cell lines were obtained from classic medulloblastomas (44).
Using immunocytochemical methods, we have been able to demonstrate the expression
of neurotrophin receptors trkB, trkC and may be even trkA in the DAOY cell line
(unpublished observations). None of these receptors were detected in D283-Med.
Similar observations confirming the expression of trkB and trk C transcripts in DAOY
only, was also recently reported by another group (52). These findings suggest a
similarity between DAOY and external granular iayer cells on the one hand and a
similarity between D283-Med cell line and proliferative ventricular zone cells on the
other.
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PKC is present as a major signal transducer in the CNS with widespread
distribution in various neuronal cell populations (3). In the medulloblastoma cell lines,
c¢PKC a protein is seen in DAQY only while aPKC ( is present in the three cell lines.
cPKC B1, B11, v, as well as nPKC 3, and € were not present in any of the three cell
lines. Therefore, the predominant PMA responsive PKC isoform that we have been able
to demonstrate in DAQY is cPKC a. Furthermore, treatments which resulted in
downregulation of cPKCa had a growth inhibitory effect on DAOY cells. The presence
of this isoform is consistent with the higher proliferative index in DAOY when compared
with D283-Med and D341-Med. In contrast, D283-Med and D341-Med do not express
any PMA responsive PKC isoform including cPKC o protein and is consistent with the
observed lack of growth inhibition following the prolonged treatment of D283-Med with
antisense PKC a oligonucleotides, PMA and the PKC specific inhibitor, Calphostin C.
Some reports have found a higher proliferation index as well as decreased dependence
on external growth factors in systems in which the cPKC a has been overexpressed (12).
Our observations implicate cPKC o isoform in the proliferation of DAOY and is
consistent with a role for PKC a in the biology of a subset of medulloblastoma cell lines
and possibly medulloblastoma tumors. The lack of effect of these treatments on D283-
Med is indicative of molecular heterogeneity among medulloblastoma cell lines with
implications for differing biology among medulloblastoma cell lines and tumors.

A modulation of the pattern of PKC isoform expression has been associated with

the amplification of N-myc in neuroblastoma cell lines (53) and in rat fibroblasts

94



transfected with ras, src and fos oncogenes (54). It is not clear what oncogene/s account
for the upregulation of cPKC o in DAOY. However, a recent report indicates a
demonstrable p53 mutation in the DAOY cell line (49).

In these medulloblastoma cell lines, there is-a distinct lack of demonstrable cPKC
B1 transcripts despite the presence of cPKC B11 transcripts. Both isoforms are known
to be obtained from a single mRNA by alternative splicing (6). While studies on C3H.
10T1/2 cells have suggested a transforming role for the cPKC B isoform (55,56),
transfection of the cPKC § isoform into the murine erythroleukemia cells (13) as well
as an assay of the pattern of expression of cPKC 3 in HL-60 promyelocytic leukemia
variant cells resistant to the induction of cell differentiation (57) have implicated the
cPKC B isoform as a prerequisite for the ability to induce terminal differentiation in these
cell lines. In addition, overexpression of the cPKC B1 isoform in human colon cancer
cells has been associated with growth inhibition and tumor suppressor function (14).

In rat cerebellar cortex, the cPKC B1 isoform is present mainly in the internal
granular cell layer while the cPKC B11 is predominantly in the molecular layer (58). The
internal granular layer is composed of a differentiated neuronal cell population which
developmentally are derived by migration of cells from the undifferentiated external
granular cell layer. It is currently unknown if cPKC B1 plays a role in the induction of
terminal neuronal differentiation, however, its expression in the internal granular
neurons coincides with terminal differentiation in this layer in the developing CNS (58).

It is tempting to speculate on a terminal differentiation role for this isoform in neuronal
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development as has been demonstrated in murine erythroleukemia cells. Such a
deduction will have to await the results of transfection or transgenic studies. At this
juncture, one can only speculate on the possible relationship between our finding of a
lack of expression of cPKC 1 and its possible role in the lack of terminal differentiation
in these medulloblastoma cell lines. The lack of expression of this isoform is clearly not
due to the absence of the gene that codes for it, since the cPKC BII isoform which is
obtained by alternative splicing of the primary transcript is demonstrable in these cell
lines. A current study indicates that a switch in the alternative splicing of the PKC
mRNA transcripts from BI to BII may be influenced by exposure to extrinsic signals such
as insulin (59). We hypothesize that a dysregulation of cPKC fI expression plays a
significant role in the lack of commitment of medulloblastoma cell lines to induced
terminal differentiation.

An alternative explanation is to simply regard the lack of cPKC B1 expression as
a feature of the immaturity of these cells by presuming that cPKC B1 expression is a
mature neuronal phenotype. Although cPKC (1 may not directly induce cell
diferentiation, in other cell systems (57) it appears to prime the cell, possibly by
inducing the expression or activation of specific genes required for the cell to respond
to differentiation inducing stimuli (13,57). Similarly, the medulloblastoma cell lines do
not express PKC 9, an isoform that has been associated with neural differention in PC12
cells (60). In CHO, Daudi Burkitt's lymphoma cells and myeloid precursor cells,

phorbol ester-induced cell growth arrest or differentiation has been shown to be
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mediated by ¢cPKC o and & (7,20,21). More recent studies implicating PKC-cdk
interaction in the positive and negative regulation of DNA synthesis depending on
whether the cell is in late or early G, phase at the time of PKC activation (21) support
the hypothesis that the pattern of PKC isoform expression is important in determining
the pattern of cell response.

It is noteworthy that while the basal level of expression of p21cipl and p27kip1
is very low in DAQY, the slower growing D283-Med expresses higher levels of these
cdk inhibitors. In gastric carcinoma cells, pS3 mutation is associated with very low or
undetectable levels of p21cipl mRNA compared with very high levels of p21cip] in cells
with wild type p53 (61). We hypothesize that the presence of p53 mutation results in the
barely detectable levels of p21cipl in DAOY compared to D283-Med which has a wild
type p53 (48). Furthermore, in this study, prolonged PMA treatment of DAOY is
accompanied by upregulation of p2icipl mRNA possibly via p53 independent pathways
(42) involving the activation of p21cipl expression. The p2icipl gene promoter region
is known to contain the TPA response element, AP2 (62).

It has been reported that cell cycle withdrawal in postmitotic neurons involves
cyclin dependent kinases and specifically, during mouse neurogenesis, cortical
postmitotic neurons have been shown to accumulate high levels of p27 kipl compared
with their progenitor neuroblasts (63). The higher level of p27 kip1 expression in D283-
Med is consistent with the reported expression of NFP in this cell line in contrast to
DAOY which does not express NFP (44). Our immunohistochemical analysis of
medulloblastoma tumors for these cdk inhibitors revealed a relationship between the
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detection of p27kipl expression and the focal loss of proliferation activity with the
development of neuronal differentiation (64). Furthermore, in mice, targeted disruption
of p27kip1 is associated with enlargement of all tissues, with increase in the number of
cells leading to the suggestion that p27kip1 deficiency may cause a cell autonomous
defect resulting in enhanced proliferation in response to mitogens (65). These
observations suggest that a dysregulation of the cdk inhibitors may also underlie the
proliferation of medulloblastomas. An understanding of the mechanism/s underlying this
dysregulation of the expression of cell cycle regulatory genes is, therefore, critical to our
understanding of the biology of medulloblastoma. Cell cycle control is the focal point
of all mitogenic and proliferative pathways and may provide the key to developing

appropriate gene therapies for specific tumors including medulloblastoma.
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CHAPTER 4

The riboquant multiprobe RPA analysis of medulloblastoma cell lines, DAOY
and D283-Med showed a significant difference in the expression of cdk inhibitors
p2lcipl and p27kipl. This differential expression also correlates with significant
differences in the proliferation of these two cell lines, thus suggesting a role for the
pattern of expression of these cdk inhibitors in the proliferation of these cell lines. We
hypothesized that uncontrolled cellular proliferation in medulloblastoma is related to the
dysregulation of the expression of cdk inhibitors, p21icipl and p27kipl. While the cell
lines provided in vitro evidence supporting this hypothesis, we did not know if this
finding has any relevance to medulloblastomas in vivo. Therefore, to determine if the
pattern of expression of p2lcipl and p27kipl played a role in the biology of
medulloblastoma, we used immunohistochemical methods to detect their expression in

medulioblastoma tumors.
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The pattern of p27kipl expression shows a relationship with focal inhibition of
proliferation and differentiation in medulloblastoma

Adekunle M Adesina+*, Dunn T* and Nalbantoglu J*, Department of Pathology,
University of Oklahoma Health Sciences Center*, Oklahoma City, OK and Montreal
Neurological Institute, McGill University*, Montreal, Quebec
ABSTRACT

p27kipl and p2lcipl are cyclin-dependent kinase (cdk) inhibitors with critical
roles in the control of cell cycle progression. Accumulation of p27kip1 in postmitotic
neurons is a major component of neurogenesis. We investigated p27kipl and p2lcipl
immunoreactivity in medulloblastoma tumors. We found an inverse relationship between
p27kipl expression and proliferation (MIB1). Focal islands of neuroblastic or glial
differentiation expressed high levels of p27kip1. In contrast, the undifferentiated highly
proliferative population of tumor cells showed no detectable p27kip1 expression. In
addition, there was no detectable p21cipl expression in any of the medulloblastomas.
There was no relationship between the detection of p53 protein and lack of p2lcipl
expression. Similarly, positivity for p53 protein did not show any relationship with
proliferation or apoptotic index. The low level of apoptosis in these tumors was not
associated with the expression of Bcl2. These findings suggest a role for p27kip1 in cell
cycle control in medulloblastoma. Since, p2lcipl and p27kipl are often coexpressed
along with other INK4 family of cdk inhibitors during the induction of cell

differentiation and are synergistic in their effect, a deregulation of the coordinate
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expression of p2lcipl and p27kipl may underly the lack of complete differentiation in

medulloblastoma.

INTRODUCTION

Regulation of cellular transit through G, to G,/S by growth factors occurs either
through the activation or inhibition of the formation of active cyclin-cdk complexes
(1,2). The inhibition of cyclin-cdk complexes is effected by the upregulation of cyclin-
cdk inhibitors including p21cipl and p27kipl among others. These tightly bind to and
inhibit the activity of cyclin-cdk4 and cyclin E-cdk2 (3-7). While p2lcip! appears to
function predominantly in pathways that monitor the cell’s internal state, including the
detection of DNA damage, which is p53 dependent (8-10), p27kipl is involved in
pathways that sense both mitogenic and antiproliferative extrinsic signals (11).

Exit from the cell cycle is a prerequisite for the onset of terminal differentiation.
The induction of p21cipl, p27kipl and the INK4 family of proteins appears to play a
significant role in this cell cycle exit (12). For example, the permanent arrest of cell
division and the induction of differentiation are associated with p21cipl expression in
embryonic and adult mouse tissues (13). p21cipl expression has also been observed to
increase with cessation of cell division and differentiation in diverse epithelia cells
including stomach, tongue, cervix and hair follicle (14) as well as in adenomas and
adenocarcinomas of the colon (15). While a close inverse relationship exists between
p2lcipl expression and proliferation in many tissues, detection of p21icipl has been
found to be rare in some human adult tissues including lung, kidney, thyroid, pancreas,
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and liver (16), thus suggesting that there might be variation in the expression of this cdk
inhibitor among different human tissues. During mouse neurogenesis, p27kipl cdk
inhibitor appears to accumulate at high levels in postmitotic neurons compared with their
progenitor neuroblasts (17). This growth inhibitory role of p27kip1 is further illustrated
by the spontaneous development of pituitary tumors and multiorgan hyperplasia in the
p27kip1 deficient mice (18).

Mutations and genetic alterations involving p27kipl, p21cipl and p57kip2 are
infrequent in human tumors, suggesting that this mechanism is not the preferred method
of dysregulation of expression of these cdk inhibitors (19-22). However, recent studies
have reported a correlation between pS3 mutation and low expression of p2lcipl in
gastric carcinomas and colonic adenocarcinomas (15,23); an observation consistent with
the demonstrated role of p53 in the regulation of p2lcipl expression (9,10). It is
noteworthy that p21cipl upregulation occurs via pS3 dependent and p53 independent
pathways (24).

Medulloblastomas represent a major group of malignant childhood central
nervous system tumors in which there is very little understanding of the major molecular
determinants of cell transformation and biology. We and others have reported a low
frequency of p53 mutation in medulloblastomas (25,26). However, we have found a
relationship between p53 status and the expression of cdk inhibitor, p2lcipl, in
medulloblastoma cell lines DAOY and D283-Med. We also observed a relationship
between the expression of p27kipl mRNA and a lower proliferation rate in the
medulloblastoma cell line D283-Med when compared with DAOY which has a higher
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proliferation index and very low levels of p27kipl mRNA (27). These observations
suggest a possible significant role for cdk inhibitors p21cipl and p27kip1 in the biology
of medulloblastoma.

In this study, we have used immunohistochemical methods to analyze
medulloblastoma tumors for the expression of cdk inhibitors p27kip1 and p21cipl and
determined the relationship between their pattern of expression and the expression of

p53, proliferation index, apoptosis and the expression of the anti-apoptosis gene, Bcl2.
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MATERIALS AND METHODS

A total of 14 medulloblastomas diagnosed at the University Hospitals, Oklahoma City,
OK were available for this study. Patients had undergone surgery for brain tumors
between 1987 and 1994. The histologic slides were reviewed and the original diagnosis

of medulloblastoma confirmed.

Imunohistochemistry

Serial sections of Spum thick sections of paraffin embedded tissue were deparaffinized in
xylene, hydrated through 100% to 70% ethanol, followed by antigen retrieval by
microwaving for a total of 15 min in 10mM citrate buffer. Slides were rinsed in
automation buffer (Research Genetics, Huntsville, Alabama) 3x, followed by protein
blocker (Research Genetics, Huntsvilie, Alabama) for 15 minutes, 3x washes [all washes
are done with automation buffer (Research Genetics)}, followed by incubation with
primary monoclonal antibody to each one of the following antigens (i) p53, - DO-7
antibody which reacts with mutant and wild type p5S3 (DAKO, Carpenteria , CA) at 1:50
dilution at 4°C overnight, (ii) Bcl2 (DAKO) at 1:40 dilution for 1 hour at 37°C, (iii) p21
(Pharmingen, San Diego, CA) at 20 pg/ml overnight at 4°C, (iv) p27 (Pharmingen, San
Diego, CA) at 5 ug/ml overnight at 4°C and (v) Ki-67 (MIB1) (Immunotech Inc,
Westbrook, ME) at 1:40 dilution at 37°C for 1 hour, (vi) synaptophysin (Biogenex,
SanRaymon, CA) at room temperature (RT) for 25 minutes and (vii) GFAP (Cell
Marque Corp, Austin,Tx) at RT for 25 minutes. Following incubation with primary

antibody, slides are washed 3x, incubated with biotinylated universal secondary antibody
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(Research Genetics, Huntsville, Alabama), washed 3x, incubated with strepavidin horse-
radish peroxidase x 15 minutes and treated with diaminobenzidine (DAB) or 3-amino-9-
ethylcarbazole for 5 minutes. Slides are dehydrated and mounted with permount.
Positive controls include, tonsil for p2icipl and p27kip1, a breast carcinoma known to
express p53 for p53, a follicular lymphoma for Ech and brain for
synaptophysin/GFAP. Negative controls were obtained by using non-specific mouse
serum in place of primary antibody or by omitting primary antibodies. The positivity
index is defined as the percentage of positive cells seen by counting 500 cells in the most

positive areas of the tissue. Analyses of each of the immunostains were done "blindly."

In situ Apoptosis detection

The detection of apoptosis, if any, in the medulloblastomas was done using the Oncor
ApopTag kit (Oncor, Gaithersburg, MD) and following the manufacturer’s protocol.
This kit is a TUNEL assay kit based on the simple principle that morphologic apoptosis
is a distinct physiologic process characterized by a multistage process of DNA
fragmentation into multimers of about 180 bp nucleosomal units (seen as DNA laddering
on agarose gels) with the generation of a multitude of new 3'OH DNA ends. These
3'0OH DNA ends are tailed with Digoxigenin-dUTP in a reaction catalyzed by the
enzyme terminal deoxynucleotidyl transferase (TdT). Detection is then done with
peroxidase conjugated antidigoxigenin antibodies followed by DAB (28). The use of an
in situ method has the unique advantage of being able to provide a single-cell sensitivity
which may not be achievable with standard DNA agarose gel methods for detecting
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DNA laddering. Briefly, Sum thick sections of paraffin embedded tissue were
deparaffinized in xylene, hydrated through 100% to 70% ethanol, followed by
proteinase K digestion (20ug/ml) x 15 minutes, 4x washes in distilled water, quenching
of endogenous peroxidase with 2% hydrogen peroxide, treatment with equilibration
buffer, application of TdT/reaction buffer mix, followed by stop/wash buffer and then
anti-digoxigenin-peroxidase, 3x washes 3x in PBS and detection of positive reaction
with DAB. Sections were counterstained with methyl green and mounted with permount.
Positive controls were obtained by treating tissue with DNAse (1pg/ml) before the TdT
reaction step. Negative controls were obtained by omitting the TdT reaction step. The
apoptosis index is defined as the percentage of positive cells seen by counting 500 cells

in the most positive areas of the tissue.
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RESULTS

Out of the 14 tumors analysed, 5 showed features of desmoplastic
medulloblastoma with multifocal islands of pale staining tumors cells with a distinct
slightly more fibrillary stroma randomly distributed within these islands (Figure 1A).
These islands occassionally showed positivity for synaptophysin indicating the formation
of synaptic vesicles and consistent with neuroblastic differentiation (Figure 1B).

Immunohistochemical analysis for p53 protein using DO-7 antibody revealed
positive nulear staining in > 10% of the cells in 2 (two) cases with 14.6% and 16%
positivity, respectively (Figure 2C), <5% of the cells in 4 (four) tumors, one of which
showed 3% positivity while the other (3) three showed only rare to few positive cells.
Since the antibody, DO-7, detects both mutant and wild type p53, the
immunohistochemical detection of p53 may not necessarily indicate the presence of p53
mutation. However, the detection of p53 positive staining suggests a deregulation of p53
expression since normal p53 protein has a short half life and is not usually detectable in
tissues (29). There was no relationship between nuclear positivity for p53 and
proliferation index.

p2lcipl (Figure 2A) expression and Bclz expression (Figure 2B) were not
demonstrable in any of the tumors. The analyses of the tumors for apoptosis revealed 1
(one) tumor with an apoptotic index of 5% (Figure 2D), 2 (two) tumors with a score of
2% , 8 (eight) tumors with a score of < or = 1% and 3 (three) tumors with no
detectable apoptosis. There was no demonstrable inverse relationship between p53
positive nuclear staining (Figure 2C) and the apoptotic index. The low level of apoptosis
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is consistent with the high proliferation index observed in these tumors (mean
proliferation index = 28.46 +/- 8.6% ) (Table 1).

p27kip1 expression was detected in 8 (eight) of the tumors. A comparison of the
mean proliferation index for the p27kipl positive and negative tumors revealed no
statistically significant difference. However, further analysis of the pattern of positivity
for p27kipl in the 5 (five) tumors with the focal islands of neuronal or glial
differentiation revealed an inverse relationship between positivity for p27kipl and
positivity for the proliferation antigen, Ki-67 (MIB-1). The differentiating islands
showed strong positivity for p27kip1 and low proliferation index with few cells positive
for Ki-67, consistent with the withdrawal of these cells from the proliferation pool and
the cell cycle (Figure 3A,C) . In contrast, the tumor cells in the non-differentiating areas
showed very few cells positive for p27kip1 and a high proliferation index (Figure 3B,D),
thereby implicating p27kipl in the arrest of cell cycle progression during the
differentiation of medulloblastoma cells.

The ages at diagnosis and the length of survival of the patients is as shown in
Table 1. Correlation of survival with pattern of immunoreactivity is limited by both the
number of cases and the duration of follow up. Despite this limitation, there is a trend
towards longer survival in p27kip1 positive patients. Three of the five patients who were
p27kip1 negative died within 13 months of diagnosis. Of the nine patients who were
p27kip1 positive, three died within 16 months of diagnosis. It is noteworthy that in two
of these patients (cases #8 and 13), their tumors also had 14.6% and 3 % of cells positive
for p53 protein respectively.
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Results of immunohistochemical analysis of medulloblastomas.

TABLE 1

Cases Age sy  p27 p53 ApopTag MIB1 Survival
(months)
1 4.5 0 0 0 28.2 13(D)
2 7 0* 0 0 25 54(A)
3 0.25 0 16 1 34 2(D)
4 4 0 <1 <1 26 104(A)
5 7 weak* 0 5 17.8 47(A)
6 8 1 0 1 18 16(D)
7 25 0 <1 1 35 8(D)
8 4 1 14.6 0 44.4 6.5(D)
9 8 50 0 2 32 48(A)
10 5 30* <1 2 40.6 36(A)
11 14 29 0 <1 29 46(A)
12 4 25% 0 1 26 61(A)
13 5 24%* 3 <1 29 10(D)
14 15 19 0 1 13.4 81(A)

Figures represent percentage of positive cells in each tumor, A=alive, D=dead

*desmoplastic medulloblastomas with pale islands of neuroblastic differentiation
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Figure 1 Section of desmoplastic medulloblastoma showing (A) pale islands with
slightly more fibrillary stroma and a slight streaming pattern, (Hematoxylin & Eosin)
and (B) synaptophysin immunoreactivity in these differentiating islands and is consistent

with neuroblastic differentiation (Magnification x 400).
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Figure 2 Immunohistochemical analysis of medulloblastoma. Sections show lack of
immunoreactivity for (A) p21cipl and (B) Bcl2 while there is some (C) p53 nuclear

immunoreactivity and (D) infrequent apoptosis as detected by TUNEL assay in this

medulloblastoma (Magnification A, C, D x 400, B x 200)
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Figure 3 Inverse staining of desmoplastic medulloblastomas for (A,C) p27kipl and
(B,D) Ki-67. Immunoreactivity for p27kip1 is seen predominantly in the differentiating
islands (arrows). In contrast, immunoreativity for Ki-67 (MIB1) is infrequent in the
differentiating p27kip1 positive islands (arrows) but frequent in the non-differentiating

p27kip1 negative population of cells (Magnification: A, B x 400, C & D x 200).
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DISCUSSION

We have investigated p27kip1 and p21cipl immunoreactivity in medulloblastoma
tumors and found an inverse relationship between p27kip1 expression and proliferation
(MIB1). Focal islands of neuroblastic differentiation expressed high levels of p27kip1.
In contrast, the undifferentiated highly proliferative population of tumor cells showed
no detectable p27kipl expression. In addition, there was no detectable p2lcipl
expression in any of the medulloblastomas. There was no relationship between the
detection of p53 protein and lack of p21cipl expression. Similarly, positivity for p53
protein did not show any relationship with proliferation or apoptotic index. The low level
of apoptosis in these tumors was not associated with the expression of Bcl2.

We and others have reported a low frequency (8 %) of detectable p53 mutation
in medulloblastoma (25,26). However, in this study, we have noted that 6 out of 14
tumors showed immunohistochemically demonstrable p53. 4 of these 6 positive tumors
had only rare to few positive cells which nonetheless showed strong and specific nuclear
positivity. The detection of p53 protein would suggest abnormal elongation of the half
life of this protein resulting from a dysregulation of its expression due to either a mutant
p53 gene or a deregulation of genes that control p53 activity (30). Although we do not
see any relationship between p53 expression and proliferation index or apoptosis in this
set of medulloblastomas, we observed a relatively short survival in the 3 cases with a
population of p53 positive cells equal to or greater than 3%. Our observation of a
relatively short survival in these few p53 positive patients may suggest a prognostic
significance for p53 overexpression in these tumors. It is currently unclear if p53
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overexpression may confer a poor prognosis, independent of p27kipl expression in
medulloblastoma. One cannot but speculate that there might be a currently unclear
biological relevance for the immunohistochemically detectable p53 protein in these
tumors

There was a lack of detectable p21cipl expression in these tumors, particularly
in areas of neuroblastic differentiation. Although p2lcipl expression can be p53
dependent (9,10 ), its expression via p53 independent pathways has been well
documented and may occur along with the induction of p27kipl expression (12). For
example, during the vitamin D3 induced differentiation of the myelomonocytic cell line
U937, the transcriptional activation of p2lcipl is associated with the increased
expression of p27kip1 (12). In this experimental system, the strongest expression of the
cell surface differentiation markers occurred when both p27kipl and p2icipl were co-
transfected in this myeloid cell line, thus suggesting a synergistic role and possible
requirement for the expression of multiple cell cycle inhibitors to obtain complete
differentiation. Our observation with these medullobastomas in which only focal and
limited differentiation is seen in association with the expression of p27kipl only is
consistent with such reports. However, whether the co-expression of multiple cdk
inhibitors is required to ensure complete differentiation in medulloblastoma awaits future
studies.

Apoptosis is the mechanism by which excess primitive stem cells in the
subependymal germinal matrix are eliminated during neurogenesis and subsequent
maturation of the central nervous system (31). It has been postulated that
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medulloblastomas and related primitive neuroectodermal tumors, may arise from
dysplastic precursor cells which did not undergo apoptosis and were arrested in ectopic
sites during neuronal precursor cell migration (32). If this histogenesis is correct, it is
reasonable to speculate that a dysregulation of apoptotic mechanisms rather than lack of
response to differentiation inducers may underly the biology of medulloblastoma. Our
finding of very low apoptotic index in these medulloblastomas is consistent with such an
hypothesis. From the close link between the pathways that regulate apoptosis and those
that regulate cell cycle progression and subsequent differentiation, it is conceivable that
dysregulation of signaling in these primitive neuroectodermal tumors may occur at a
level where its effect on apoptosis and the regulation of cell cycle progresion may not
be mutually exclusive. We have not been able to demonstrate the expression of the anti-
apoptosis protein, Bcl, in these medulloblastomas, thus excluding the role of this protein
for the observed low apoptotic index.

The accumulation of p27kip1 in postmitotic neurons during neurogenesis (17),
the spontaneous development of pituitary tumors in the p27(-/-) mice, as well as the
increased forebrain neuronal density and disorganization of the retina observed in these
mice (18), suggest a significant role for p27kip! in the arrest of cell cycle progression
in the central nervous system and neural crest derived tissues. As far as we know, this
is the first documentation of a relationship between p27kip1 expression and neuroblastic
differentiation in primitive neuroectodermal tumors, specifically, mc;dulloblastoma. In
the p27kip1 knockout mice, the lack of p27kip! appears to be marked by a significant
relative increase in hematopoietic progenitor cells as compared to the smaller but
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significant relative increase to their differentiated descendants. This observation has led
to the suggestion that a lack of p27kip1 expression may have a selective effect on the self
renewing, mitogen-driven cell cycles that are associated with stem cells (18). The
possibility that this may occur during neurogenesis is supported by the increased
neuronal density seen in the knockout mice brain. As also demonstrated in the p27kip1
deficient mice, p27kipl expression is not necessary for cell differentiation in most
tissues, but a lack of expression may raise the threshold at which some cells like the
ovarian follicular cells respond to differentiation inducing factors. In addition, p27kip1
deficiency may also predispose to uncontrolled proliferation as in the development of
spontaneous pituitary tumors in these mice. In this study of medulloblastoma, we have
noted that the undifferentiated and highly proliferative population of tumor cells do not
express p27kip1. The role of p27kip1 in the proliferation of medulloblastoma and in the
determination of the pattern of response of medulloblastoma tumors to differentiation

inducing cytokines requires further investigation.
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CHAPTER §

CONCLUSIONS

CONTRIBUTIONS TO ORIGINAL KNOWLEDGE

1.

We have shown that p53 gene, a major -regulator of cell cycle progression,
particularly in response to DNA damage, is mutated in only 11% of
medulloblastomas.

In addition, p53-mdm?2 interaction is not a major target in the neoplastic
transformation of medulloblastoma.

Furthermore, we demonstrate for the first time that medulloblastoma cell lines
DAOY, D283-Med and D341-Med differentially express PKC isoforms o and
. These cell lines do not express PKC B1, 11,y, 6 and €.

PMA responsive PKC a plays a role in the proliferation of DAOY but not in
D283-Med and D341-Med.

We also demonstrate for the first time that there is a relationship between the
expression of cdk inhibitor p27kipl and growth inhibition / neuroblastic

differentiation in medulloblastoma.
These findings are indicative of significant molecular heterogeneity among

medulloblastoma cell lines and reflect molecular heterogeneity among

medulloblastoma tumors.
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Conclusions

In this study, we have shown that p53 mutations are infrequent in medullobalstoma. We
also show that p53-mdm2 interaction may not be an alternative pathway for p53
inactivation in medulloblastoma. In addition, p53 nuclear immunoreactivity reveals a
subset of tumors in which p53 protein is detectable in rare to a few cells. Relative to the
entire cell population, these p53 positive cells often account for less than 1% of the cell
population. In gliomas, clonal expansion of cells which acquire a pS3 mutation has been
suggested as a major mechanism for tumor progression from low grade glioma to high
grade glioblastoma multiforme (1). These secondary glioblastomas appear to represent
a pathogenetically distinct subset of glioblastoma multiforme (2). It is currently unknown
if the recurrent tumor in children with medulloblastoma whose primary tumor shows few
to rare p53 positive cells, maintain the same pattern of immunoreactivity or show a
clonal expansion of the p53 positive population. Since children with recurrent tumors do
not frequently undergo a rebiopsy or resection, a retrospective analysis may be difficult.
Future systematic rebiopsy of recurrent tumors and their analysis for p53 protein
expression may help in answering this question and provide a clue to the possible
biological significance of these few pS3 positive cells.

We have also implicated cPKC a in the proliferation of the medulloblastoma cell
line DAOY, but not in D283-Med and D341-Med. This finding suggests that PKC -
mediated signaling may be important in the proliferation of a subset of
medulloblastomas. The clinical significance of this finding, therefore, is that growth
modulation based therapeutic approaches addressed at modulating second messenger
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pathways, such as the use of the PKC inhibitor, Tamoxifen, which is currently used in
clinical trials in gliomas, may have application in a subset of medulloblastomas. To be
able to tailor such therapy to the individual patient who is most likely to benefit from it,
will require the immunohistochemical analysis of these tumors for the overexpression of
PKC a protein. However, a major limiting factor is that currently available antibodies
to PKC o do not react in paraffin embedded tissue. This situation also limits our ability
to initially assess currently available archival medulloblastoma tumors, which are largely
paraffin embedded. Such an analysis would have provided valuable data on the clinical
utility of PKC « analysis in medulloblastoma tumors.

We also demonstrate that the expression of cdk inhibitor, p27kip1, is associated
with growth retardation and neuroblastic differentiation in medulloblastoma. Since
postsurgical fatal outcome in medulloblastoma is related to the growth of the residual
tumor mass left behind, especially when complete resections are impractical, it is
reasonable to speculate that the expression of cdk inhibitors, p27kipl and p2lcipl, in
medulloblastoma, either by pharmacological methods or gene therapy, using for
example, adenovirus expression vectors (4) containing cDNA for p27kip1 or p21cipl,
may offer the opportunity to reduce the growth of postsurgical residual medulloblastoma
tumor cells. Whether such transfected tumor cells will undergo differentiation in the
presence of growth inducing factors, such as NGF, awaits future studies.

A major and critical component of the clinical management of medulloblastoma,

is the ability to be able to predict the prognosis for each individual patient. While clinical
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parameters, such as surgical resectability, age at presentation, and the presence or
absence of metastases at presentation have significant prognostic relevance (5), the
histologic features of these tumors have not consistently shown prognostic significance,
except for the desmoplastic medulloblastoma which has a better prognosis when
compared with the classic medulloblastoma (6). As shown in this study, there is a
significant molecular heterogeneity between medulioblastoma cell lines and tumors, a
finding which suggests the need for the identification of specific molecular subsets
among medulloblastomas. It is noteworthy thaf the expression of p27kip1 is associated
with significant growth inhibition and is more fequently seen in the pale islands of
desmoplastic medulloblastoma. This raises the suggestion that the expression of p27kip1
may account in part for the better prognosis of this subset of medulloblastomas.
Immunohistochemical analysis of medulloblastomas for the expression of p27kip1 may,
therefore, identify a molecular subset of medulloblastomas with possibly better
prognosis.

Similarly a recent study indicates differential expression of the neurotrophin
receptor, trk C, in medulloblastoma with a correlation between trk C expression and
better prognosis (7). Since the expression of neurotrophin receptors occurs as a
maturation step during neurogenesis, the expression of zrk C can be regarded as a marker
of better differentiation and suggests the possibility that these tumors may be able to
respond to differentiation inducing neurotrophic factors. One would anticipate that trk

Cexpression in such tumors would correlate with foci of neuroblastic differentiation, and

138



lower proliferation index. Therefore, trk C expression provides another molecular
marker of prognostic significance in medulloblastoma.

Furthermore, 17p deletion in medulloblastomas has been suggested to be an
independent poor prognostic indicator (8). This locus probably includes more than one
single gene. Such gene/s that may play a role in the biology of this subset of
medulloblastomas remain to be identified. Hence, this locus may provide other gene
products with potential application in gene therapy for this specific subset of
medulloblastomas.

Therefore, molecular subtyping of medulloblastomas may not only provide
prognostic markers, but allow for the use of newer therapeutic techniques, such as gene
therapy, for selective targeting of critical genetic events in subsets of medulloblastoma.
This would be a radical departure from the current management approach of "one coat
fits all". Accumulating evidence continues to indicate that although all "blue” cells may
share similar malignant morphologic phenotype, they do not necessarily share similar

molecular phenotype with implications for differing tumor biology.

139



References

1

Sidransky D, Mikkelsen T, Schehheimer K, Rosenblum M, Cavenee W,
Vogelstein B: Clonal expansion of p53 mutant cells is associated with brain
tumor progression. Nature 355: 846-847, 1992

Watanabe K, Tachibana O, Sata K, Yonekawa Y, Kleihues P, Ohgaki H:
Overexpression of the EGF receptor and p53 mutations are mutually exclusive
in the evolution of primary and secondary glioblastomas. Brain Pathol 6: 217 -
223, 1996

Baltuch GH, Dooley NP, Villemure J-G, Yong VW: Protein kinase C and
growth regulation of malignant gliomas. Can J Neurol Sc 22: 264 - 271, 1995
Fueyo J, Gomez-Manzano C, Alfred Young WK, Clayman GL, Liu T-J, Bruner
J, Levin VA, Kyritsis AP: Adenovirus-mediated pl6/CDKN2. gene transfer
induces growth arrest and modifies the transformed phenotype of glioma cells .
Oncogene 12: 103 -110, 1996

Albright AL, Wisoff JH, Zelter PM, Boyett JM, Rocke LB: Effects of
medulloblastoma resection on outcome in children: a report from the children’s
cancer group. Neurosurgery 38: 265 - 271, 1996

Russell DS, Rubinstein LJ: Pathology of tumors of the central nervous system
5th edition, Williams & Wilkins, 251 - 270, 1989

Segal RA, Goumenova LC, Kwon YK, Stiles CD, Pomeroy SL: Expression of
neurotrophin receptor 7k C is linked to a favorable outcome in medulloblastoma.
Proc Natl Acad Sci (USA) 91: 12867 - 12871, 1994

140



8 Batra SK, McLendon RE, Koo JS, Castelino-Prabhu S, Fuehs HE, Krischer JP,
Friedman HS, Bigner DD, Bigner SH: Prognostic implications of chromosome

17p deletions in human medulloblastomas. J Neurooncol 24: 39 - 45, 1995

141



