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grade astrocytomas: Correlation with YKL40 and
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The Ras signaling pathway, consisting of mitogen-activated
protein kinase (MAPK) and PI3K/AKT signaling, is a
prominent oncogenic pathways in adult diffuse gliomas,
but few studies have evaluated such pathways in pediatric
malignant gliomas. We investigated by immunohistochemistry MAPK and AKT signaling in a series of 28 pediatric
high-grade gliomas (WHO grade III and IV). We sought
a possible association of phospho-ERK (p-ERK) and
phospho-AKT (p-AKT) with expression of other proteins
involved in the Ras pathway, that is, YKL40, epidermal
growth factor receptor (EGFR), EGFR vIII and c-Met.
Moreover we correlated the expression of p-ERK and
p-AKT with prognosis. No cases showed expression for
c-Met and EGFR, and only one case was positive for
EGFR vIII. YKL-40 protein was expressed in 43% of
cases. We detected expression of p-ERK and p-AKT in
61% and 57%, respectively, of pediatric high grade gliomas.
Statistical analysis comparing the two groups in term of
high and low p-ERK and p-AKT expression showed a
trend toward worse overall survival in patients with high
expression of p-AKT. The activation of ERK and AKT
suggest a possible role of this protein in inducing activation
of the Ras signaling pathway in pediatric high-grade
gliomas. Moreover high levels of p-AKT are associated
with worse overall survival.
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INTRODUCTION
The Ras signaling pathway, consisting of mitogen-activated
protein kinase (MAPK) and PI3K/AKT signaling, represents a prominent oncogenic pathways in adult diffuse gliomas.1 Activity of Ras is aberrantly increased in most adult
glioblastomas (aGBM) and AKT activation is observed in
70% of aGBM,2 being correlated to proliferation, invasiveness,3 radiation resistance4 and survival.5 Aberrant activation of the Ras signaling pathway results in most cases from
mutations or deletions involving PTEN, with loss of its
suppressive function and consequent AKT phosphorylation.6 Few studies have reported a constitutive AKT activation in pediatric high grade gliomas (pHGGs),7 highlighting
the importance of the RAS signal also in pediatric gliomagenesis. However, pediatric malignant gliomas infrequently
exhibit PTEN mutations, suggesting that other mechanisms
are involved in the constitutive activation ofAKT.8 Ras gene
mutations, able to activate the signal pathway, are rarely
found in gliomas.9 It is therefore likely that mechanisms
other than RAS mutations activate this pathway. RAS
pathway can be activated by growth factors (plateletderived [PDGF], hepatocyte [HGF], epidermal [EGF]),
by some components of the signal cascade which can be
mutated or aberrantly expressed, that is, Ras and B-Raf, or
by mutations or overexpression occurring at genes encoding
upstream receptors (EGFR, c-Met).10,11 Adult high-grade
gliomas frequently exhibit overexpression of the EGFR
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which is detected in about 30% of adult glioblastomas
and is associated with shorter survival and poor treatment
response.24 However, our data failed to demonstrate any
correlation, because of the absence of expression of this
marker in all cases tested. In a previous study we observed
that YKL-40 protein is overexpressed in pHGG.15 On the
basis of this observation, we evaluated the possible association of this protein with Ras signaling activation. YKL40
protein is able to activate the Ras pathway, initiating MAPK
and PI3K signalling cascades in human connective-tissue
cells and leading to the phosphorylation of ERK1/ERK2
and AKT.14 YKL-40 protein is involved in proliferation of
fibroblasts and modulation of collagen formation,14 facilitating tumor invasion and metastasis. Such mesenchymal
functions have been supported in a microarray analysis in
high-grade gliomas, where YKL-40 gene was found upregulated together with other genes activated in mesenchymal
tissues and are associated with poor prognosis,25 as suggested in previous reports where the overexpression of
YKL-40 in adult malignant gliomas is associated with an
adverse prognosis.26,27 Moreover, a previous study in a series
of adult high-grade gliomas describes a positive correlation
between YKL-40 protein expression and p-AKT and
p-ERK, suggesting that YKL-40 plays a pivotal role in
glioma cell proliferation through activation of the MAPK
and AKT pathways.27 However, we did not find correlation
between YKL40 protein and p-AKT and p-ERK in the
series of pediatric malignant astrocytomas. In the literature
AKT activation has been described in about 60% of
pHGGs, and this was related to adverse outcome.7,20 In our
study, even without reaching statistical significance, there
was a trend toward an association between pAKT and
shorter overall survival and progression-free survival, suggesting that, as in adult, activation of AKT protein is associated with worse prognosis. In support of this, patients with
activated AKT showed a shorter median survival than
patients with non-activated AKT. The next step was to
search for tyrosine kinase receptors, potentially involved in
activation of this pathway: our results were not able to
identify activation of EGFR, EGFR vIII and c-Met. A
possible explanation is the presence of other tyrosine kinase
receptors involved in pediatric gliomagenesis, such as
PDGFR. In this regard, Paugh et al.28 showed how pediatric
high-grade astrocytomas have a different genetic profile
with adult cases, as suggested by the predominant target of
amplification of PDGFR in pediatric cases rather than
adults.
In conclusion, our results suggest that in pediatric highgrade gliomas:
1 high levels of p-AKT are associated with a decrease in
overall survival and progression-free survival, even if
the relatively small number of cases suggests the need to
confirm these observation in further studies;
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2 tyrosine kinase receptors, that is, EGFR, EGFR vIII and
c-Met are not expressed in pHGGs and are not correlated with ERK or AKT activation; and
3 YKL40 overexpression in pHGGs is not correlated with
ERK and AKT phosphorylation as in adults.
These observations highlight that the biological features
of high-grade gliomas in children are different from those
of adults.
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