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Abstract

Medulloblastoma with extensive nodularity (MBEN) is the only type of medulloblastoma (MB), an aggressive CNS
tumour of childhood, that is connected with favourable prognosis. In patients with MBEN tumour resection and
chemotherapy are sometimes sufficient.

While development of other types of MB is usually connected with activation of the wingless pathway, sonic hedge-
hog pathway or mammalian target of rapamycin (mTor) pathway, little is known about the molecular basis of MBEN
pathophysiology. In the present paper we evaluated activation of the mTor pathway and kinases upstream of mTor,
mitogen-activated protein kinase (MAPK/Erk) and protein kinase B (PKB/Akt) in an MBEN sample.

Using western blot technique with antibodies directed against active, phosphorylated forms of proteins, we found
upregulation of mTor, Akt and Erk. Thus we postulate that the mTor pathway, often implicated in the development
of CNS tumours, is also responsible for MBEN progression. Especially interesting seems implication of Erk and other
kinases belonging to the same pathway: mitogen-activated protein kinase kinase (MEK-1) or phospho-ribosomal
S6 kinase-1 (p90 RSK1), whose activity we usually demonstrate in more benign neoplasms. However, it remains to
be clarified whether Erk pathway activation is actually prognostic for benign tumour development.
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Introduction tumours in children, comprising around 20% of all

Medulloblastomas (MBs) are a heterogeneous primary CNS tumours of childhood [10]. Because of
group of tumours, with currently unclear pathogene- its aggressive nature, prognosis for patients is grim:
sis. They are the most common type of primary CNS  in spite of standard therapy including surgery and
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irradiation followed by chemotherapy, only 50-80%
5-year survival is achieved. One should also remem-
ber about long-term side-effects connected with
irradiation of the neuroaxis in very young children.
Most of such patients are eventually psychosocially
disabled, which is one of the main negative impacts
of the therapy.

The last (2007) WHO classification lists four types
of MB: desmoplastic/nodular MB, MB with extensive
nodularity (MBEN), anaplastic MB, and large-cell MB.
Interestingly, different types of MB are associated
with different prognosis, e.g. large-cell MB has espe-
cially poor prognosis [14], while MBEN is a rare MB
type and the only one with good prognosis [9]. In fact,
numerous patients with MBEN are treated by tumour
resection and chemotherapy, without radiotherapy,
and have a favourable outcome [4]. Association of
MBEN with nevoid basal cell carcinoma syndrome
(Gorlin’s syndrome) has been hypothesized [1].

As far as pathophysiology of MB is concerned,
there are currently several hypotheses contributing
to our understanding of this tumour. Although nu-
merous cell lines and animal models have been de-
rived for the study of genetic alterations in MB, their
anatomical location, progression and, probably, sig-
nalling pathways are different than those present in
human tumours. In general, however, three path-
ways are usually associated with MB development:
hedgehog, regulating cerebellar development [15];
wingless, also implicated in embryogenesis as well
as normal epithelial differentiation [5,17]; and the
insulin-like growth factor-1 pathway [11]. Precise sig-
nificance of these genes/growth factors and their
contribution to MB is unknown.

In the present paper, we evaluated activation of
the mTor (mammalian target of rapamycin) pathway
and kinases upstream of mTor, mitogen-activated
protein kinase (MAPK/Erk) and protein kinase B
(PKB/AKkt), in MBEN. Both of these kinases can be
triggered by insulin-like growth factor-1 and are often
implicated in tumourigenesis [6,7,16].

Material and methods

Tissue samples and sample preparation

The MBEN tumour sample excised from the pa-
tient as well as control tissues (normal human brain
and subependymal giant cell astrocytoma, SEGA)
were retrieved from the Department of Pathology,
Children’s Memorial Hospital, Warsaw, Poland.
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The SEGA sample was retrieved from a TS patient
diagnosed clinically according to the criteria of
Roach [12]. Control brain tissue consisted of periven-
tricular regions of patients operated on for epilepsy.

In order to perform electrophoresis, tissues were
homogenized in a tissue grinder with RIPA lysis
buffer (20 mM Tris pH 7.5, 150 mM NaCl, 1% Nonidet
P-40, 0.5% sodium deoxycholate, 1 mM EDTA, 0.1%
SDS) with 50 mM sodium fluoride and 1 mM sodium
orthovanadate, supplemented with 1x Complete Pro-
tease Inhibitor (Roche, Indianapolis, IN) and Phos-
phatase Inhibitor Cocktail I (Sigma-Aldrich, St. Louis,
MO). In order to minimize differences in the sample
preparation procedure, all the samples were pro-
cessed at the same time, in the same conditions.
Lysates were stored at —80°C.

Histopathological preparation

Serial sections obtained from the tumour were
embedded in paraffin and subsequently stained ac-
cording to a routine procedure with haematoxylin
and eosin.

Western blot

20 ng of protein extracted from tissues or cells
were subjected to SDS PAGE in a 10% polyacryl-
amide gel. Gels were transferred onto PVDF mem-
branes. After blocking with 5% non-fat dry milk in
TBST (Tris buffered saline, 0.05% Tween), the blots
were incubated with respective primary and second-
ary (HRP-conjugated) antibodies. Membranes were
washed in TBST buffer and proteins were detected
by West Pico chemiluminescence substrate (Pierce,
Rocford, IL). Even protein loading was verified by
Ponceau S staining. Antibodies against phospho-
phosphatase and tensin homolog (p-PTEN), phos-
pho-S6 kinase 1 (p-S6K1) T421/5424, phospho-extra-
cellular regulated kinase (p-Erk) T202/Y204, phospho-
protein kinase B (p-Akt) S473, insulin receptor o
(InRa), phospho-ribosomal S6 kinase-1 (p-RSK1)
T348 and secondary antibodies (HRP-goat anti-rab-
bit) were purchased from Santa Cruz Biotechnology
(Santa Cruz, CA). Antibodies against phospho-phos-
phoinositide-dependent kinase-1 (p-PDK1) S241,
phospho-glycogen synthase kinase 3f (p-GSK-3p) S9,
phospho-mitogen-activated protein kinase kinase
(p-MEK) S217/S221, phospho-S6 ribosomal protein
(p-S6rp) S235/5236 were from Cell Signaling Tech-
nologies (Beverly, MA).
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Erk pathway activation in MBEN

Results
Histopathological findings

Histologically MBEN displays an extreme degree
of nodular architecture (Fig. 1A) with large elongat-
ed reticulin-free pale islands (Fig. 1B). These areas
are rich in neuropil-like tissue and contain rows and
streaming of small round neurocyte-like cells with
nuclei containing granular chromatin and small
nucleoli (Fig. 1C). The internodular component may
be markedly reduced.

Strong upregulation of mTor effectors

The MBEN sample showed significantly increas-
ed staining for phospho-S6 ribosomal protein (p-S6)
and phospho-eukaryotic translation initiation factor
4E binding protein 1 (p-4E-BP1), compared to the
control brain sample. The level of phosphorylation
was similar to the SEGA sample, where implication
of the mTor pathway in tumour progression is well
evidenced (Fig. 2, upper panel).

Akt pathway is hyperactive in MBEN

Protein kinase B, also known as Akt, is often
regarded as a classic activator of mTor. Thus, in view
of the fact that mTor effectors were overly active, it
seemed reasonable to test potentiation of Akt.
Phosphoinositide-dependent kinase-1 (PDK1), which
is typically phosphorylated at S241, after insulin
receptor stimulation was found to be hyperactive
(as shown by overt phosphorylation). Also Akt itself
was more active than the control. On the other
hand, phosphatase and tensin homologue (PTEN),
an antagonist of the Akt pathway, was only slightly
upregulated and could not abolish the signal con-
ferred to Akt. In order to confirm biological signifi-
cance of phospho-Akt, we measured the level of
phospho-glycogen synthase kinase 3B (p-GSK-3B),
which is phosphorylated at S9 by Akt. Indeed, the
signal was strong and thus confirmed our expecta-
tions (Fig. 2, middle panel).

Consistent activation of all Erk upstream Fig. 1. Microscopic features of medulloblastoma
regulators with extensive nodularity. (A) Nodular pattern.
(B) Elongated pale islands. (C) The streaming
pattern of neurocyte-like cells in reticulin-free
zones.

We also evaluated the possibility of mTor signal
transmission through Erk. In response to receptor
stimulation (e.g. insulin-like growth factor receptor 1,
epidermal growth factor receptor, platelet-derived
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Fig. 2. Western blot analysis of protein lysates
from MBEN, subependymal giant cell astrocy-
toma (SEGA) and control brain (CB). Assayed
antibodies were pooled into three groups, from
the top: mTor effectors, antibodies implicated
in Akt pathway and Erk pathway.

growth factor receptor), mitogen-activated protein
kinase kinase (p-MEK) is phosphorylated at 5217/
S221. In our sample, MEK showed stronger phos-
phorylation at this site than the positive control,
i.e. the SEGA sample. Also Erk was hyperactive and
demonstrated its effect on two downstream tar-
gets: ribosomal protein S6 kinase 1 (p90 RSK1) and
protein S6 kinase 1 (p70 S6K1).

Discussion

Medulloblastoma with extensive nodularity
(MBEN) is a distinct medulloblastoma subset asso-
ciated with younger age and better prognosis.
The gyriform, nodular mass in the child’s posterior
cranial fossa that is hyperdense on unenhanced CT,
and markedly enhancing on MRI, may strongly sug-
gest medulloblastoma with extensive nodularity [2].

Medulloblastoma with extensive nodularity oc-
curs mainly in infants and accounts for less than 3%
of medulloblastomas. The tumour is very advanced
in nodularity and reveals signs of neuronal differen-
tiation [8]. However, unlike other medulloblastomas,
MBEN is connected with a favourable outcome,
which is probably related to spontaneous neurocytic
(as well as astrocytic) differentiation of this type of
medulloblastoma [4,13]. It has also been noted that
sometimes MBEN, after treatment, undergoes com-
plete maturation into a tumour resembling ganglio-
glioma [3].

In the present study we aimed to analyse the sta-
tus of mTor, a kinase centrally regulating the fate of
the cell. In favourable conditions, when the cell is
stimulated by external stimuli and has sufficient
levels of resources (e.g. oxygen, energy in the form
of ATP or nutrients), mTor phosphorylates and thus
triggers its downstream effectors, elF4E-binding
protein 1 (4E-BP1) and ribosomal protein S6 kinase 1
(S6K1), which in turn intensify translation of proteins
participating in cell cycling. On the other hand, when
external stimuli are absent or necessary resources
are lacking, the cell concentrates on survival and dif-
ferentiation and does not enter the cell cycle.

Activation of mTor is often found in CNS tu-
mours. In previous studies we and other authors
detected elevated concentration of active kinases
upstream of mTor in subependymal giant cell astro-
cytoma [7], medulloblastoma [16] and atypical
teratoid/rhabdoid tumour [6]. Thus, we wanted to
determine whether the same kinases may be impli-
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cated in MBEN and whether the level of active Erk,
a kinase usually upregulated in more prognostically
favourable neoplasms, is actually higher in MBEN.

We started our study by testing the levels of
phosphorylated, and thus active, forms of mTor
kinase effectors. mTor is sometimes called the “cen-
tral regulator of cell well-being”, as different growth
factor pathways focus on mTor, triggering its activity
and mediating protein translation. Among such ef-
fectors are S6 ribosomal protein (S6) and eukaryo-
tic translation initiation factor 4E binding protein 1
(4E-BP1), phosphorylated in response to mTor activ-
ity. Their role is to recruit ribosome subunits and ini-
tiate the translation process. In the evaluated sam-
ple of MBEN p-S6 and p-4E-BP1 we demonstrated
elevated amounts of active forms of both proteins.

Although we found that both pathways trigger-
ing mTor, i.e. Akt and Erk, were upregulated in
MBEN, the hyperactivity of Erk may be especially
interesting. As we have shown before, e.g. in SEGA
and other benign tumours, Erk is usually upregulat-
ed in neoplasms with lower proliferative potential.
Also in this case such a relation was found, although
it remains to be clarified whether this fact is actual-
ly prognostic for benign tumour development.
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