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Abstract The objective of this study was to evaluate, in a
series of 43 pediatric high-grade gliomas (21 anaplastic
astrocytoma WHO grade III and 22 glioblastoma WHO
grade IV), the prognostic value of histological grading and
expression of p53 and YKL-40. Moreover, mutational
screening for TP53 and IDH1 was performed in 27 of 43
cases. The prognostic stratification for histological grading
showed no difference in overall (OS) and progression-free
survival (PFS) between glioblastomas and anaplastic
astrocytomas. Overexpression of YKL40 was detected in
25 of 43 (58%) cases, but YKL-40 expression was not
prognostic in terms of OS and PFS. p53 protein expression
was observed in 13 of 43 (31%) cases but was not prognostic. TP53 mutations were detected in five of 27 (18%)
cases (four glioblastomas and one anaplastic astrocytoma).
Patients with TP53 mutation had a shorter median OS
(9 months) and PFS (8 months) than those without mutations (OS, 17 months; PFS, 16 months), although this trend
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did not reach statistical significance (p = 0.07). IDH1
mutations were not detected in any of the cases analyzed.
Our results suggest that in pediatric high-grade gliomas: (i)
histological grading does not have strong prognostic significance, (ii) YKL-40 overexpression is less frequent than
adult high-grade gliomas and does not correlate with a
more aggressive behavior, (iii) TP53 mutations but not p53
expression may correlate with a more aggressive behavior,
and (iv) IDH1 mutations are absent. These observations
support the concept that, despite identical histological
features, the biology of high-grade gliomas in children
differs from that in adults, and therefore different prognostic factors are needed.
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Introduction
Pediatric high-grade gliomas (pHGGs) are less frequent
than their adult counterparts, but they account for 15% of
all pediatric brain tumors, and show high mortality and
morbidity [1]. They are anaplastic astrocytoma (WHO
grade III) or glioblastoma (WHO grade IV), which are
histologically indistinguishable from their counterparts in
adults. The WHO grading system does not make any distinction between HGGs in children and in adults [2, 3]. In
adults, there are two subtypes of glioblastomas, i.e. primary
(de novo) glioblastomas and secondary glioblastomas
which develop though progression from low-grade or
anaplastic astrocytomas [4, 5]. Primary glioblastomas
affect predominantly older patients (mean, 62 years) and
frequently exhibit epidermal growth factor receptor
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(EGFR) amplification, whereas secondary glioblastomas
occur in relatively younger adults (mean 45 years) and are
genetically characterized by frequent TP53 mutations and
IDH1 mutations but infrequent EGFR amplification [4–6].
Most pediatric glioblastomas seem to occur de novo [3].
However, in contrast with adult primary glioblastomas,
they exhibit frequent TP53 mutations and infrequent EGFR
amplification [7, 8]. Cytogenetics studies [9] and more
recent gene-expression profiling [10–12] have also demonstrated that adult and pediatric high-grade gliomas have
distinct molecular profiles, suggesting intrinsic biological
differences between the two groups.
Numerous biomolecular markers have been explored to
stratify adult patients with malignant gliomas in prognostic
subgroups [13]. Among these YKL-40 protein overexpression is a negative prognostic marker probably related
to increased resistance of tumor cells to radiation [14].
However, YKL-40 expression has not been investigated, so
far, in pHGG. Alteration of the p53 pathway, in terms both
of TP53 mutations and overexpression, which is an
important characteristic in the malignant progression, has
not been found helpful in prognostic stratification of adult
malignant astrocytoma [13, 15, 16]. In contrast in pHGGs
in which this type of tumor progression is not present,
TP53 mutations and p53 overexpression seem to be related
to an adverse prognosis [7]. Recent studies have indicate
that IDH1 mutations are a strong predictor of more
favorable prognosis and a highly selective marker of secondary glioblastomas [6, 17]. However few studies have so
far specifically investigated IDH1 mutations in a large
series of pHGG to verify its prognostic value [18]. The
objective of this study was to evaluate, in a series of 43
pHGG (21 anaplastic astrocytoma WHO grade III and 22
glioblastoma WHO grade IV), the prognostic value of
histological grading and expression of p53 and YKL-40.
Moreover mutational screening for TP53 and IDH1 was
performed in 27 of 43 cases to evaluate the effect, if any, of
such mutations in the prognosis of pHGG.

Materials and methods
Patients and tissue samples
We studied 43 patients with malignant diffuse gliomas
(anaplastic astrocytoma WHO grade III and glioblastoma
WHO grade IV). Anaplastic ependymoma or malignant
mixed glio-neuronal tumors were not included in the study.
The mean age was 9.4 years (range, 1 month to 17 years);
eight patients were infants (0–3 years). The cases were
re-reviewed by two neuropathologists (M.A. and F.G.) and
classified according to the WHO classification as follows:
21 anaplastic astrocytomas WHO grade III and 22
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glioblastomas WHO grade IV. The female:male ratio was
1.2:1. The median age of children with grade IV glioma
was similar to that with grade III (10 years vs. 9 years).
Immunohistochemistry
Monoclonal antibodies for p53 (DO-7; Dako, Carpinteria,
California, USA; dilution 1:300), and polyclonal antiYKL-40 antibody (Quidel Corporation, San Diego, CA;,
USA; dilution 1:100) were used. Sections were deparaffinized and rehydrated through a graded series of xylene–
ethanol and incubated for 15 min in 3% hydrogen peroxide
to inhibit endogenous peroxidases. Antigen retrieval was
performed by boiling the slides for 15 min in citrate buffer.
Tissue sections were incubated with the primary antibody.
The sections were then incubated with biotinylated secondary antibody for 20 min at room temperature. This was
followed by incubation for 20 min with avidin–biotin
peroxidase complex (Dako). Visualization was performed
using 3,3-diaminobenzidine. Tissue sections were counterstained with hematoxylin, dehydrated, and mounted. As
a negative control the primary antibodies were omitted.
Staining for YKL-40 was scored using a three-tiered
system: 2?, strongly positive staining of most tumor cells
in at least one medium-power microscopic field (9100);
1?, weak/patchy staining in tumor cell; 0, no staining [14].
Immunoreactivity for p53 was scored only in cells with
dense nuclear staining according to Pollack et al. [7].
Tumors were categorized as expressing little or no p53 (a
grade of 0 or 1), similar to normal brain tissue, or as
overexpressing p53, with staining observed in a sizable
subgroup of cells (25–50%; grade 2), most cells (50–75%;
grade 3), or nearly all cells ([75%; grade 4) in the highpower field in areas with maximum staining.
TP53 and IDH1 mutations
DNA was extracted from paraffin-embedded sections as
previously described [4]. PCR-SSCP analysis was carried
out to prescreen for mutations in exon 4 of the IDH1 gene
[15], and in exons 5–8 of TP53 as previously described [4].
Briefly, PCR was performed in a total volume of 10 ll,
consisting of 1 ll DNA solution (approximately 100 ng/
ll), 0.5 U platinum Taq DNA polymerase (Invitrogen,
Cergy Pontoise, France), 0.1 mCi [a-33P]dCTP (ICN Biomedicals, Costa Mesa, CA, USA; specific activity,
3000 Ci/mmol), 2.5 mM MgCl2, 0.1 mM of each dNTP,
0.25 mM of each primer, 10 mM Tris–HCl, pH 8.3, and
50 mM KCl in a thermal cycler (Biometra, Archamps,
France) with an initial denaturing step at 95°C for 3 min,
followed by 40 cycles of denaturation at 95°C for 30 s,
annealing at 56–64°C for 30 s, extension at 72°C for 40 s,
and a final extension at 72°C for 10 min. PCR products
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(10 ll) were mixed with 20 ll loading buffer (0.02 M
NaOH, 95% formamide, 20 mM EDTA, 0.05% xylene
cyanol, and bromophenol blue), denatured at 95°C for
10 min and quenched on ice, and then 5.5 ll of this mixture was electrophoresed on a 12.5% polyacrylamide nondenaturing gel containing 10% glycerol at 45 W for 2.5 h
with cooling by a fan. Gels were dried at 80°C and autoradiographed for 24–36 h. Samples with variant bands in
SSCP analyses were further analyzed by direct sequencing
on an ABI 3100 Prism DNA sequencer (Applied Biosystems, Foster City, CA, USA) with the Big Dye terminator
cycle sequencing kit (ABI Prism, Applied Biosystems).
Statistical analysis
The primary clinical endpoints were overall survival time
(OS) and progression-free survival (PFS). Overall survival
was determined from the date of diagnosis to the date of
death or last follow-up. Progression-free survival was
determined from the date of diagnosis to the date of
relapse. Patients alive at last follow-up or without documented time to progression at last follow-up were considered censored. OS and PFS curves were estimated with use
of the two-sided log-rank test.

11 months (range, 0.1–62 months). Glioblastomas showed
a shorter median survival (13 months: range 0.2–60 vs.
14 months: range, 3–89 months) and progression-free
survival (9 months: range, 0.7–60 vs. 14 months: range,
0.1–62 months) than anaplastic astrocytomas, but the difference was not statistically significant (P = 0.9) (Fig. 1).
YKL40 and p53 immunohistochemistry
YKL40 protein expression was detected in 25/43 (58%)
cases (Fig. 2). A slight predominance of positive cases was
observed in glioblastomas compared with anaplastic
astrocytomas (63% vs. 52%) (Table 1). In addition to
tumor cells, YKL-40 immunoreactivity was also detected
in blood vessels, in extracellular matrix, in neurons, and in
neutrophilis. For the outcome analysis, tumors were classified according to the presence (1?, 2?) or absence (0) of
YKL40 expression. Statistical analysis comparing the two
groups with different YKL-40 expression did not show
prognostic stratification in terms of OS and PFS (P = 0.9).
p53 expression (p53 immunoreactivity on [25% of cells)
was observed in 13/43 of cases (31%) (Fig. 3; Table 2).
Statistical analysis comparing the two groups did not show
differences in OS and PFS (P = 0.8).
TP53 and IDH1 mutations

Results
Patient characteristics and histological grading
The median overall survival of patients with pHGGs was
13 months (range 0.1–89), and the median PFS was

B
Probability of progression-free survival

A
Probability of overall survival

Fig. 1 Estimates of overall
survival (a) and progressionfree survival (b) for grade III
gliomas and grade IV gliomas
does not show a significant
statistical difference in terms of
survival between the two groups

Of 27 tumors in which the quality of the DNA was sufficient for genetic analyses, five (18%) had TP53 mutations
in exon 6 and exon 8. Four were glioblastomas and one
anaplastic astrocytoma. The age of patients with TP53
mutations ranged from 4 to 17 years. Patients with TP53

Time, months
Group 1 Group 2

Time, months
Group 1 Group 2

Group 1 : Anaplastic astrocytoma (gradeIII)
Group 2 : Glioblastoma (gradeIV)
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Fig. 2 Expression of YKL40 in
neoplastic cells and matrix. a
strongly positive staining of
most tumor cells (score 2) b
example of weak/patchy
staining in tumor cells (score 1)

Table 1 YKL40 protein expression in pediatric high-grade gliomas
YKL 40-negative YKL 40-positive Total
(Score 0)
(Score 1?/2?)
Anaplastic astrocytoma 10

11

21

Glioblastoma

8

14

22

18

25

43

Total

mutations had a median OS of 9 months and PFS of
8 months. Among patients without mutations, OS and PFS
were longer (17 and 16 months respectively), but this trend
did not reach statistical significance (P = 0.07; Fig. 4). No
IDH1 mutation was detected in any of the 27 cases
analyzed.

Discussion
In adult glioblastomas, YKL-40 protein expression, which
is observed in 77% of cases, is significantly associated with
increased resistance to radiotherapy and reduced overall
survival [14]. The biological function of YKL-40 in cancer
and the mechanism by which it reflects cancer aggressiveness are poorly understood. YKL-40 has been shown to
initiate the phosphoinositide 3-kinase (PI-3 K)/Akt pathway and the Ras signaling pathway including the mitogenactivated protein kinase (MAPK) pathway, which are
Fig. 3 Expression of p53
protein in pediatric high-grade
gliomas in more than 75% of
cells (a) and in less than 25%
(b)
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important pathways associated with mitogenesis and cell
survival [19, 20]. In addition, YKL-40 induces stimulation
of proliferation of fibroblasts [19], and modulation of collagen formation [21] facilitating tumor invasion and
metastasis. Such mesenchymal functions found support in
microarrays analysis in high-grade gliomas [22]. In this
study, adult HGG associated with poor prognosis had an
upregulated YKL40 gene together with others genes activated in mesenchymal tissues. In this study, we found
YKL-40 expression in 58% of pHGG with a slightly higher
percentage in glioblastomas (63%) than in anaplastic
astrocytomas (52%), However, YKL40 expression was not
prognostic for OS and PFS. Such lack of correlation may
be because of the intrinsic molecular differences between
adult and pediatric malignant gliomas [23].
It has been reported that p53 protein expression is more
frequent in pediatric malignant gliomas than in adult cases
[24]. One study reported p53 expression in 75% of pHGGs,
whereas the TP53 mutation was observed in 38% of cases
[25]. Pollack et al. found TP53 mutations in 33%, and p53
expression in 36% of pHGGs, and expression of p53 was
associated with shorter overall survival of patients [7]. Suri
et al. [26] showed p53 protein expression in 53% of
pediatric glioblastomas. In this study, we found p53 protein
expression in 31% of cases, and TP53 mutations in 18% of
cases. Although the data did not reach statistical significance, there was a trend toward an association between
TP53 mutation and shorter overall survival.
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Table 2 p53 protein expression
in pediatric high-grade gliomas

p53 overexpression
(Score 2?, 3?, 4?)

0

2?

1?

3?

Total
4?

Anaplastic astrocytoma

13

4

0

4

0

21

Glioblastoma

13

0

0

5

4

22

Total

26

4

0

9

4

43

B

Probability of progression-free survival

A
Probabilit yof Overall Survival

Fig. 4 Kaplan-Meier and logrank tests show trends toward
longer survival (a) and
progression-free survival (b) in
patients with wild-type TP53

p53 expression normal
(Score 0, ?1)

Time, months

Time, months
Group 1

Group 2

Group 1 Group 2

Group 1 : mutated TP53
Group 2 : wild-type TP53

Frequency of TP53 mutations in high-grade gliomas in
children in our study was lower than in previous studies [7,
25, 26]. Such lower frequency is unlikely to be because of
the methods we used to detect mutations (SSCP followed by
DNA sequencing). We used the same methods in previous
studies in which a high frequency of TP53 mutations was
detected in low-grade diffuse astrocytomas and secondary
glioblastoma [4, 27]. However, comparing our study with
that of Pollack et al., which is numerically more relevant,
the difference is not statistically significant (p = 0.08).
Moreover, such discrepancies may be because of relatively
small sample size and different age groups of patients
between these two studies. As Pollack et al. [7] reported,
frequency of TP53 mutations may be age-dependent. They
showed that frequency of TP53 mutations were much lower
(2/17; 12%) in younger children (\3 years) than in older
children (24/60; 40%). We also carried out statistical
analysis of patients in different age groups and again there
were no significant differences between our study and the
study by Pollack et al. (p = 0.1329).
In a recent genome-wide analysis, somatic mutations at
codon 132 of the isocitrate dehydrogenase 1 (IDH1) gene

were detected in 12% of adult glioblastomas [28]. Subsequent studies have shown that IDH1 mutations are a
highly selective and very frequent ([80%) molecular
marker of secondary glioblastomas and their precursor
lesions [6, 17, 29]. In adult glioblastomas, IDH1 mutations
have been associated with TP53 mutations, young age, and
longer survival [6, 17, 30, 31].
Few studies which included small numbers of pHGG did
not find any IDH1 mutations in this age group [17, 29] De
Carli et al. [18] reported that four of 73 (5%) diffuse gliomas in children carried an IDH1 mutation, and that children with tumors carrying IDH1 mutations were older than
those with mutation-negative tumors (median age, 16 years
vs. 7 years). Our study also included older children (six
cases were [16 years old), but IDH1 mutations were not
detected in any of these cases. Taken together, these
observations suggest that IDH1 mutations are very rare, if
not absent, in pediatric high-grade gliomas.
In this study we observed the lack of prognostic significance in terms of OS and PFS between anaplastic
astrocytomas and glioblastomas. This lack of correlation
has been reported in previous studies [32]. However others
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have confirmed the prognostic significance of grading also
in pHGG as in adult patients [33]. Further studies in large
series are needed to confirm or not the prognostic value of
the grading in pHGGs.
In summary, our results suggest that in pediatric highgrade gliomas:
1 histological grading does not have as strong prognostic
significance as in adults;
2 YKL-40 overexpression is less frequent compared with
adult high-grade gliomas and does not correlate with a
more aggressive behavior;
3 TP53 mutations but not p53 expression may correlate
with a more aggressive behavior; and
4 IDH1 mutations are absent.
These observations support the concept that, despite
identical histological features, the biology of high-grade
gliomas in children differs from that in adults, and therefore different prognostic factors are needed.
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