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Abstract
Background: Recent studies suggest that the behavior and biology of WHO 
grade I pilocytic astrocytomas (PAs) in adults is different than that associated with 
grade I PAs in children.
Methods: We evaluated Ki‑67 labeling, BRAF abnormalities, isocitrate 
dehydrogenase R132 immunoreactivity phosphorylation (activation) of 
p44/42 mitogen activated protein kinase (MAPK), and mammalian target of 
rapamycin (mTOR) in formalin‑fixed tissue from 21 adult (18 years or older, mean 
age 37 years) and 10 children (mean age 9.4 years) WHO grade I PAs.
Results: The mean Ki‑67 labeling was 4.8% in adults and 3.8% in children. There 
was no  significant  difference between Ki‑67  labeling  in  children and adults  or 
either subgroups of adults. No differences were found in phospho p44/42MAPK in 
adult subgroups (18–33 years and 34 and older) compared to children. Activation/
phosphorylation of mTOR was biphasic  in adults being significantly  lower  than 
children in young adults but significantly higher than children in older adults (age 
34 and older).
Conclusions: Identifying mTOR phosphorylation/activation may represent a 
difference in biology and a new marker to guide chemotherapy with recently 
approved mTOR inhibitors.
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INTRODUCTION

A recent study suggests that the recurrence rate for 
pilocytic astrocytomas (PA) in adults may be significantly 
higher than that in children. Progression after gross total 
resection was found to be approximately 40% in adults 
compared to relatively infrequent in children.[22] The 
molecular differences promoting recurrence likely involve 
growth regulatory kinase cascades,[2,4,13] however, this has 
not been extensively evaluated in adult PAs.

Activation of the p44/42 mitogen activated protein 
kinase (MAPK) has been implicated in several 

neoplasias[5,13,14] and is thought to be important in 
the pathogenesis of PAs in children.[2,10] Activation of 
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the MAPK pathway appears to be, in some cases, by 
activation of upstream BRAF by the BRAF tandem 
duplication KIAA 1549 fusion or a mutation at BRAF 
V600E.[2,10,11] These result in the activation of the MAPK 
kinase (Raf‑1)–MAP kinase/ERK kinase (MEK‑1)‑p44/42 
MAPK cascade. BRAF activation also results in the 
activation of mammalian target of rapamycin (mTOR) 
by the phosphoinositide 3 kinase (PI3K)‑protein kinase 
PKB/Akt–mTOR pathways in part by activation through 
the p44/42MAPK kinase.[7] Activation of the RAF1‑MEK1 
p44/42MAPK and PI3K‑Akt‑mTOR and other kinase 
cascades that promote cell proliferation and inhibit 
apoptosis[15,16,20,21] have been studied along with many 
types of gliomas, but have not been extensively evaluated 
in adult PAs.

MATERIALS AND METHODS

Pilocytic astrocytoma tissue
Thirty‑one formalin‑fixed paraffin embedded World 
Health Organization (WHO) grade I PAs from 21 
adults (mean age 37 years, adults range 18–70, 
10 females and 11 males) and 10 children, mean age 
9.4 years (9 females and 1 male), were identified in 
the University of Rochester Medical Center archives 
and consultations with Institutional Review Board 
approval from 2008 to 2015 and reviewed following 
WHO criteria and recent findings.[3,4] In adult cases, 
the distribution of cases based on age shows a distinct 
clustering of cases in young and those in older adults. 
Consequently, adult cases were grouped as those 18 to 
33 and those older than 33. Characteristics are listed in 
Table 1.

Immunohistochemistry for phospho-p44/42MAPK 
and phospho- mTOR in pilocytic astrocytomas
Each case was analyzed with a polyclonal antibody 
to phospho p44/42 MAPK (Thr 202/Tyr 204, 1:400) 
and human phospho‑mTOR (Ser 2448, 1:100 
Cell Signaling, Beverly MA.) and MAC4 universal 
HRP‑polymer (Biocare) with diaminobenzidene (DAB) 
chromagen and hematoxylin counterstain (Biocare), 
as described previously.[9] For antigen retrieval, tissue 
sections were incubated in a thermoresistant chamber 
with X Reveal Decloaker (Biocare Medical, Concord CA) 
at 120–123°C and pressure of 20–24 psi, according to 
manufacturer’s specifications. Immunoreactivity in tumor 
cells (excluding blood vessels) was assessed by two of us 
as “0” for no distinct immunoreactivity, “1+” if 1–30% 
of cells were immunoreactive, “2+” if 30–50%, and “3+” 
if greater than 50% of cells were positive. Scores were 
analyzed by two‑way t‑tests comparing cumulative scores 
between young and adults, young and adult subgroups, 
and between 18 and 33 versus patients older than 
33 years of age.

RESULTS

Comparison of pathological features of pilocytic 
astrocytomas in adults and children
The mean Ki‑67 labeling index was 4.8% in adults and 
3.8% in children. The Ki‑67 labeling was not significantly 
different in either the 18–33 or 34 and older adults 
compared to children, and was not statistically different 
between the subgroups in adults. Neither adults nor 
children showed IDHR132 immunoreactivity. None of 
the 6 adults analyzed had a BRAFv600E mutation but 
one showed the BRAF‑KIAA fusion. Two of the 4 tumors 
in children had BRAF mutations [Table 1].

Phospho-p44/42MAPK and phospho-mTOR 
immunoreactivity in pilocytic astrocytomas
As summarized in Table 1 the mean immunoreactivity 
for phospho p44/42 MAPK was 1.1 ± 0.93 for children, 
0.8 ± 1.03 SD for 18–33‑year olds and 1.11 for 34–70‑year 
olds. This was not statistically different comparing 
younger and older adults and children.

Phospho‑mTOR immunoreactivity had a mean of 
1.37 ± 1.18 SD in children (<18 years of age, 0.33 ± 0.487 
in young adults (18–33) and 1.36 ± 1.28 in adults 34 
or greater years of age. Phospho‑mTOR was biphasic in 
adults being significantly lower than children in young 
adults (P = 0.05) but significantly higher than children 
in older adults (age 34–70 years) (P = 0.05) [Figure 1].

DISCUSSION

The BRAF v600E mutation was found in only 1 of the 
6 cases analyzed, which is consistent with previous reports 
that BRAF v600E mutations are rare in adults.[2,4] Similarly, 
BRAF fusion appears less common in adult PAs.[4,6]

Figure 1: Phospho-MAPK 44/42 (a) phospho-mTOR (b), 
immunohistochemical control (c) in adult pilocytic astrocytoma 
(case 21) (Hematoxylin counterstain. Diaminobenzidine chromagen, 
original magnification ×400)
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Two studies suggest that the MEK‑1‑p44/42 MAPK 
pathway is involved in the pathogenesis of childhood 
PAs.[2,10] Our findings suggest that p44/42 MAPK 
phosphorylation/activation occurs in many Pas, however, 
this is not significantly different between adult and 
childhood WHO grade I PAs. In contrast, in children, 
this activation appears associated with anaplastic 
progression.[18] In addition, activation of p44/42 MAPK 
also influences oncogene‑induced senescence in Pas.[8,17] 
The role of this pathway in tumor behavior warrants 
additional review after longer follow‑up.

The PI3K‑ PKB/Akt‑mTOR pathway influences 
several functions central to neoplasia including 
cell proliferation and metabolism.[1,21,24] mTOR is a 
serine/threonine kinase present in two compositionally 
distinct complexes with different functions. The mTOR 
complex 1 (mTORC1) contains PRAS40, and is activated 

by numerous extracellular growth factors and cellular 
mitogens.[23] Activation of mTORC1 phosphorylates S6 
kinase stimulating a number of growth‑related functions 
including protein synthesis and cell proliferation. In 
contrast, mTORC2 is associated with cell metabolism 
and cytoskeletal organization. mTORC1 is strongly 
activated by rapamycin.[24] The effectiveness and side 
effect profiles of various mTOR inhibitors depends on 
their relative inhibition of the more growth regulatory 
mTORC1 compared to mTORC2.[1,21]

The PI3K‑ PKB/Akt‑mTOR pathway is also activated in 
many WHO grade I adult PAs, and is significantly higher 
in older adults compared to children. This raises the 
possibility that activation of this pathway may participate 
in the pathogenesis of PAs in the older population. 
Activation of mTOR is also increased in anaplastic PAs.[18] 
Consequently, drugs inhibiting mTOR activation may 

Table 1: Pilocytic astrocytomas characteristics and findings

Age Location Ki‑67% IDH 
Mutation

BRAF V600E Phospho 
MAPK

Phospho 
mTOR

1 45M Post. fossa 1 Neg ND 1 2
2 33M Post. fossa 6 Neg ND 3 3
3 70F 4th Vent 4 Neg No v600E 0 0
4 35F 3rd Vent 3 Neg No v600E 3 1
5 21F Cerebellum 1 Neg No v600E 1 0
6 44M Septum 3 Neg No v600E 1 3
7 46F Left frontal 4 Neg No 0 1
8 63F Intra vent 2 Neg Yes KIAA fusion 2 1
9 34F Cerebellum 3 Neg No v600E 3 1
10 29 F Cerebellum ND ND 0 0
11 25M Post. fossa 8 Neg ND 1 1
12 64F Cerebellum 3 ND ND 2 0
13 26M Cerebellum 7 ND ND 0 0
14 28M Optic nerve 2 Neg ND 2 1
15 20M Cerebellum 15 Neg ND 0 0
16 57M Cerebellum 1 ND ND 0 0
17 20M Thalamus 2 Neg ND 0 0 
18 18M Hypothalmus 8 Neg ND 1 0
19 20M Cerebellum 11 Neg ND 0 0
20 18F Post. fossa 3 ND ND 3 1
21 34F Hypothalmus 8 ND ND 3 3
22 10F Cerebellum Variable Neg ND 1 1
23 9F Hypothalmus 3 Neg ND 1 1
24 2F Post. fossa 6 Neg Abnl BRAF ND ND
25 14F Parietal 5 Neg ND 1 1
26 13F Post. Fossa 4 Neg Yes v600E 0 3
27 3F Post. fossa 2 Neg ND 1 3
28 15F Cerebellum 2 Neg No v600E 3 2
29 4M Septum 1 Neg No v600E 1 0
30 14F Post. fossa 12 ND ND 2 0
31 15F Cerebellum 3 ND ND 0 ND
M: Male, F: Female, Post: Posterior, Vent: Ventricle, ND: Not done, Neg: Negative, Abnl: Abnormal
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represent a viable chemotherapy for recurrent PAs in this 
population. Nonetheless, identifying the optimal therapy 
may require considerable study because several recently 
developed rapamycin analogues show different activities 
for mTORC1 and mTORC2.[1] Rapamycin (sirolimus) is 
a highly effective inhibitor of mTORC1 and associated 
components of the PI3K‑PKB/Akt‑mTOR pathway. 
Nonetheless, it has limited effectiveness in tuberous 
sclerosis, except possibly in some angiomyolipomas. 
This may reflect secondary activation of mTORC2 and 
Akt.[1] Everolimus has been approved for the treatment of 
tuberous sclerosis subependymal giant cell astrocytomas, 
neuroendocrine carcinomas of the pancreas, and 
advanced renal carcinomas.[1,12] More recently developed 
orally available analogues such as temsirolimus is 
currently approved for other malignancies such as 
mantle cell lymphoma and renal carcinoma.[1] Because 
of the secondary activation of other pathways, use of 
combination therapy with other kinase inhibitors may be 
more effective.[1]

Phosphorylation of p44/42MAPK and mTOR have been 
found to be less stable with cold ischemia after surgical 
removal than some other phosphoproteins.[23] Nonetheless, 
our tissues are rapidly placed in formalin (typically 
in less than 30 minutes). Moreover, in our recent 
studies on meningiomas, phospho p44/42 MAPK was 
consistently found in almost 10% of the cases by 
immunohistochemistry and western blot.[9]

In summary, phosphorylation/activation of mTOR appears 
increased, particularly in PAs in adults 34 years of age 
and older. Identifying mTOR phosphorylation/activation 
likely represents a new marker to guide chemotherapy 
because several rapamycin analogues that inhibit mTOR 
activation are now in clinical trials or FDA approved.[1,12,19]
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