
https://doi.org/10.1369/0022155417750838

Journal of Histochemistry & Cytochemistry 2018, Vol. 66(6) 403 –414
© The Author(s) 2018
Reprints and permissions: 
sagepub.com/journalsPermissions.nav
DOI: 10.1369/0022155417750838
journals.sagepub.com/home/jhc

Jo
ur

na
l o

f 
H

is
to

ch
em

is
tr

y 
&

 C
yt

oc
he

m
is

tr
y

Article

Introduction

Astrocytomas are brain tumors of glial origin and can 
be histologically classified into grades I–IV.1 Pilocytic 
astrocytomas (grade I) are benign tumors commonly 
found in children that can be surgically cured.2 Diffuse 
astrocytomas (grade II) are non-malignant tumors 
found in adults. Surgical resection is the standard-of-
care, but these tumors often recur at a higher grade.3 
Anaplastic astrocytomas (grade III) are malignant, and 
treatment includes surgical resections, radiotherapy, 
and chemotherapy. Progression of the disease to a 

higher grade is frequently observed, and overall  
survival is approximately 40–50% at 2 years.4 Glio-
blastomas (GBM-grade IV) are malignant, and despite 
advances in treatment options, they have overall sur-
vival rates of approximately 2.2% in 3 years.5,6 Thus, an 
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Summary 
PI3K/Akt/mTOR pathway activation is a hallmark of high-grade gliomas, which prompted clinical trials for the use of PI3K 
and mTOR inhibitors. However, the poor results in the original trials suggested that better patient profiling was needed for 
such drugs. Thus, accurate and reproducible monitoring of mTOR complexes can lead to improved therapeutic strategies. 
In this work, we evaluated the expression and phosphorylation of mTOR, RAPTOR, and rpS6 in 195 human astrocytomas 
and 30 normal brain tissue samples. The expression of mTOR increased in glioblastomas, whereas mTOR phosphorylation, 
expression of RAPTOR, and expression and phosphorylation of rpS6 were similar between grades. Interestingly, the 
overexpression of total and phosphorylated mTOR as well as phosphorylated rpS6 (residues 240–244) were associated 
with wild-type IDH1 only glioblastomas. The expression and phosphorylation of mTOR and phosphorylation of rpS6 at 
residues 240–244 were associated with a worse prognosis in glioblastomas. Our results suggest that mTOR and rpS6 
could be used as markers of overactivation of the PI3K-mTOR pathway and are predictive factors for overall survival 
in glioblastomas. Our study thus suggests that patients who harbor IDH1 wild-type glioblastomas might have increased 
benefit from targeted therapy against mTOR. (J Histochem Cytochem 66:403–414, 2018)
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improved knowledge of the biology of this tumor type is 
still required to improve therapies.

Recently, large international consortia determined 
the most frequent genomic alterations in astrocytomas. 
Among the main findings, it has been reported that the 
PI3K/Akt/mTOR pathways is altered in a large percent-
age of GBM cases, with a PTEN loss in 41% of cases 
and PI3K amplification or mutation in 25% of cases.7 
mTOR can form two complexes with distinct compo-
nents and functions: mTOR complex 1 (mTORC1) and 
mTOR complex 2 (mTORC2).28 mTORC1 is formed by 
mTOR, RAPTOR (regulatory associated protein of 
mTOR), MLST8 (also known as GβL), and PRAS40 
(proline-rich AKT substrate 40 kDa). Chemical inhibi-
tion of PI3K/mTOR has been used in clinical trials for 
GBM.8,9–11 However, the first studies with these drugs 
were disappointing,9,11 suggesting that patients should 
be selected for the trials on the basis of PI3K-Akt-
mTORC1 pathway activation.10 Thus, the search for 
patient subgroups that would benefit from mTORC1 
inhibition needs predictive biomarkers, so that the 
accurate and reproducible monitoring of the PI3K-Akt-
mTORC1 pathway is needed before the introduction of 
these drugs into the clinic. The presence and activation of 
PI3K-Akt-mTORC1 in gliomas has been evaluated via 
the phosphorylation of PI3K, Akt, and mTOR and also 
by the phosphorylation of downstream components 
such as p70S6K, 4E-BP, and rpS6.12–23 However, the 
overall impact of the expression of these proteins on 
survival remains controversial24 and often incomplete. 
For example, the evaluation of the total protein expres-
sion (phosphorylated and non-phosphorylated forms) 
is limited to a reduced number of studies,24 whereas 
the expression levels of other proteins of the mTORC1 
complex (mLST8 and PRAS40) have not been evalu-
ated or were analyzed only in pediatric low-grade glio-
mas (RAPTOR).

In this work, we evaluated in 199 cases of astrocy-
tomas (pilocytic, diffuse, anaplastic, and GBM) for the 
presence and phosphorylation of the mTORC1 com-
ponents mTOR and RAPTOR. We also evaluated the 
presence and phosphorylation of the mTORC1 down-
stream target rpS6 along with their relationship to 
overall survival and IDH1 mutation R132H.

Materials and Methods

Patient Selection

The samples included in this study were used in our pre-
vious publications.24 The cohort includes 199 patients 
with astrocytomas from the A.C.Camargo Cancer 
Center, São Paulo, Brazil, from 1980 to 2004. The study 
population contains 39 cases of pilocytic astrocytomas, 
49 diffuse astrocytomas, 16 anaplastic astrocytomas, 95 

GBMs, 14 non-tumor brain (NB) tissues, and 16 reactive 
gliosis tissue from epilepsy surgeries. No oligodendrog-
lial or glioneuronal tumors were included. The study was 
approved by the Ethical Committee of the A.C.Camargo 
Cancer Center (approval number 1485/10).24 The clini-
cal and pathological characteristics of the cohort were 
included in Table 1.

Immunohistochemistry

Immunohistochemistry was performed as described25 
using a tissue microarray (TMA) that contained all 
cases. Briefly, TMA sections were deparaffinized by 
incubation at 60C for 24 hr, followed by two successive 
immersions in xylene 30 min each, followed by hydra-
tion in solutions with decreasing concentrations of eth-
anol (100%, 95%, 80%, and 70%). For antigen retrieval, 
the slides were incubated in 10-mM citrate buffer (pH 
6.0) in a pressure cooker for 30 min with preheating for 
14 min. To block endogenous peroxidase, sections 
were incubated in 10% H

2
O

2
. Nonspecific staining was 

blocked by the use of Dako Protein Block (Dako). 
Sections were incubated with anti-RAPTOR (clone 
24C12; Cell Signaling) at a 1:50 dilution, anti-P(S2448)-
mTOR (49F9; Cell Signaling) at 1:50 dilution, anti-
mTOR (7C10; Cell Signaling) at 1:50 dilution, anti-S6 
(5G10; Cell Signaling) at 1:100 dilution, pS235/236-S6 
(#4857S; Cell Signaling) at 1:200 dilution, pS240/244-
S6 (#2215S; Cell Signaling) at 1:200 dilution, and anti-
IDH1 R132H (H09; Dianova) at 1:100 dilution. All 
staining was done in 1% bovine serum albumin in PBS 
for 18 hr at 4C in a humidity chamber. Secondary anti-
body staining was performed using EnVision+ Dual 
Link (Dako). Color was developed by diaminobenzidine 
(DAB), and the sections were counterstained with 
Harris hematoxylin. The quality of the antibodies was 
verified by Western blot analyses of GBM cell lines and 
snap frozen glioma tissues. Positive controls included 
tissues with known protein expression; the primary 
antibody was omitted for negative controls.

Quantification of HSCORE was digitally made by 
ScanScope XT from Aperio as described in previous 
studies.25 Briefly, each pixel was classified as 0 (nega-
tive, threshold 256–220), 1 (weakly positive, threshold 
220–175), 2 (positive, threshold 175–100), or 3 (strong 
positive, threshold 100–0). The number of pixels in 
each category was then counted. An HSCORE26 was 
calculated according to the formula HSCORE = Σ(i × 
Pi), where Pi = percentage of positive pixels, varied 
from 0% to 100%, and pixel staining intensity i = 0, 1, 
2, or 3. IDH1 R132H immunohistochemistry was used 
to classify samples as wild-type, when no staining was 
observed, or mutant when staining of any intensity 
was observed. The presence of IDH1 mutations 
R132C, R132G, or R132L was not evaluated.
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Statistical Analysis

Differences in expression were tested by Kruskal–
Wallis ANOVA and Dunn’s multiple comparison tests. 
Correlation was assessed by Spearman’s non-para-
metrical test. The overall survival was assessed by the 
Kaplan–Meier method and log-rank test using death 
from disease as the endpoint. Patients below 20 years 
of age and patients presenting additional tumors in 
other topologies were excluded from the survival analy-
sis. For survival analysis, the cutoff point was the first 
quartile value of HSCORE (i.e., values above the first 
quartile were considered high and values below the 
first quartile were considered low). The joint effect of 
different factors was assessed using multivariate Cox 
regression using SPSS version 12.0 for Windows. 
Differences were considered statistically significant at 
p<0.05.

Results

We first determined the expression of mTOR in TMAs 
containing cases of astrocytomas of different histologi-
cal grades and non-tumor samples (Fig. 1A–C). We 
observed that cases with expression of mTOR higher 
than NB and gliosis were progressively more common 
with grades I–III (Fig. 1D). In IDH1 wild-type GBMs, 
the expression of mTOR was significantly increased 
compared with normal tissue (p<0.0001). This was not 
observed for R132H IDH1 GBMs where the expres-
sion of mTOR was similar to NB and to tumor of other 
grades. In the GBM group, mTOR expression in wild-
type IDH1 is significantly higher than in the R132H 
IDH1 group (p=0.002).

Interestingly, three quarters of the samples pre-
sented an HSCORE above 69 (first quartile), while 
only six samples from diffuse astrocytoma and three 

Table 1. Clinical Characteristics of Patient Cohort.

Grade n
Median Age 

(Years)
Recurrence 

Rates
Median Overall 

Survival (Months)
Gender  

(% of Cases)
IDH1 Status  
(% of Cases)

Main Lobe Localization 
(% of Cases)

Pilocytic 39 6 43% 94 Male 59 Wild-type 100 Frontal 3
Temporal 5
Parietal 3
Occipital 0

Female 41 R132H 0 More than 
one lobe

8

Cerebellar 51
Other 30

Diffuse 49 35 64% 66.5 Male 53 Wild-type 33 Frontal 40
Temporal 29
Parietal 2
Occipital 0

Female 47 R132H 67 More than 
one lobe

16

Cerebellar 2
Other 11

Anaplastic 16 35 67% 38.8 Male 50 Wild-type 15 Frontal 60
Temporal 20
Parietal 0
Occipital 0

Female 50 R132H 85 More than 
one lobe

7

Cerebellar 13
Other 0

Glioblastoma 95 54 92% 10.2 Male 58 Wild-type 85 Frontal 32
Temporal 30
Parietal 3
Occipital 2

Female 42 R132H 15 More than 
one lobe

29

Cerebellar 1
Other 2
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from anaplastic astrocytoma presented such strong 
expression. The 25% of samples with mTOR expres-
sion lower than HSCORE 69 (first quartile) have 
increased survival compared with patients with expres-
sion higher than HSCORE 69 (Fig. 1E, log-rank haz-
ard ratio of 0.4443, p=0.0102).

The phosphorylation of mTOR at S2448 showed no 
significant variation between NB, gliosis, and astrocy-
tomas of all grades (Fig. 1F–I). However, within the 
GBM group, mTOR phosphorylation in IDH1 wild-type 
is significantly higher than in the R132H IDH1 group 
(p=0.0354). In addition, we noted a positive correlation 
between total mTOR and p(S2448)-mTOR in GBMs 
(Table 1) as well as increased survival in the one fourth 
(first quartile, HSCORE 9) of patients with lower 
p(S2448)-mTOR expression (Fig. 1J, log-rank hazard 
ratio of 0.4425, p=0.0132). These results suggest that 
upregulation of mTOR might be an important signaling 
mechanism in primary GBMs that is related to 
decreased survival.

Next, we studied the expression of the mTORC1 
component, RAPTOR (Fig. 2A–C). We observed that 
the expression of RAPTOR was highly variable within 
each group (NB, gliosis, and astrocytomas I–IV). The 
median and range of RAPTOR expression were simi-
lar between groups (Fig. 2D) regardless of the IDH1 
status. We also detected a strong association 
between the expression of RAPTOR and mTOR in 
pilocytic, diffuse, and GBMs. However, no correlation 
was observed in anaplastic astrocytomas—probably 
due to the reduced number of cases (Table 2). We 
saw no correlation between phosphorylation of 
mTOR and RAPTOR expression (Table 2). The 
expression and survival in GBMs were not associ-
ated with RAPTOR (log-rank hazard ratio of 0.7291, 
p=0.3246).

We also observed the presence and phosphoryla-
tion of the mTORC1 downstream target rpS6. 
Expression and phosphorylation of rpS6 are espe-
cially abundant on neurons and are visible in the pho-
tomicrographs of NB tissue (Fig. 3A, C, and E). In 
tumors of all grades, the expression and phosphoryla-
tion of rpS6 are very variable within groups and there 
were no differences in the median expression of rpS6 

(Fig. 3G–I, L) or phosphorylation in residues 235–236 
and 240–244 (Fig. 3A–F, J–K) between groups regard-
less of IDH1 status. However, within the GBM group, 
rpS6 phosphorylation of residues 240–244 in IDH1 
wild-type is significantly higher than in the R132H 
IDH1 group (p=0.0018).

We observed a strong association between the 
phosphorylation of the 235–236 and 240–244 resi-
dues and the expression of rpS6 (Table 2). There is 
also an association between expression and phos-
phorylation of mTOR and the expression and phos-
phorylation of rpS6 at residues 240–244 (Table 2).

Regarding survival, we observed an impact of 
p(240–244)S6 expression. Increased survival was 
observed in the first quartile (HSCORE 45) of patients 
with lower p(240–244)S6 expression (Fig. 3K, log-rank 
hazard ratio of 0.4762, p=0.0079). No association 
between patient survival and S6 expression or phos-
phorylation in residues 232–235 was observed (log-
rank hazard ratio of 0.9216, p=0.7799 for p(232–235)
S6 and 0.5761, p=0.0552 for rpS6 expression). 
Multivariate Cox regression indicated that age, IDH1 
status, and p(240–244)S6 were independent prognos-
tic factors compared with mTOR expression, pmTOR 
expression, sex, chemotherapy, and radiotherapy 
response. These results reinforce the idea that upregu-
lation of mTORC1 might be an important mechanism in 
primary GBMs.

Discussion

The mTOR kinase is responsible for the integration of 
several signaling pathways within the cell, such as 
tyrosine kinase receptor signaling, glucose sensing, 
presence of essential amino acids, Ras GTPases, 
and so on.27 mTORC1 targets include the 70-kDa S6 
kinase (p70S6K) and the eIF4E binding protein (4E-
BP).29 p70S6K is responsible for the phosphorylation 
of ribosomal protein S6 (rpS6) in residues 232, 235, 
240, and 244, which is thought to increase mRNA 
translation.30 rpS6 can also be phosphorylated in 
residues 240–244 by the 90-kDa S6 kinase (RSK), 
which is a target of the Ras/ERK1/2 signaling 
pathway.31

Figure 1. mTOR expression and phosphorylation in astrocytomas according to grade and IDH1 status. Tissues of non-tumoral brain 
(NB), reactive gliosis (gliosis), and astrocytomas of grades I–IV (pilocytic: I, diffuse: II, anaplastic: III, and GBM: IV) were spotted into a 
TMA, and immunohistochemistry reactions were performed for p(S2448)-mTOR, mTOR, and IDH1 R132H. Representative immuno-
histochemistry is shown for NB (A and F) as well as GBMs with low (B and G) and high (C and H) mTOR expression and phosphoryla-
tion, respectively. Reactions were quantified automatically, and the HSCORE was calculated considering the intensity of labeling and 
number of labeled cells for mTOR expression (D) and phosphorylation (I). Samples positive for IDH1 R132H were classified as mutant 
(mut), and samples negative for IDH1 R132H were classified as wild-type. The overall survival curve of GBM patients according to the 
levels of mTOR expression (E) and phosphorylation (J) is shown. The cutoff for classification of the sample between high and low was 
the first quartile (HSCORE 69 for mTOR and 9.21 for pS2448-mTOR). *Statistically different from NB, p<0.0001. Scale bar 50 µm. 
Abbreviations: NB, non-tumor brain; GBM, glioblastoma; TMA = tissue microarray.
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Studies evaluating mTOR phosphorylation are not 
consensual on the importance of this protein for pro-
gression or survival. Our data showed no increase in 
the phosphorylation of mTOR in GBMs compared 
with normal tissue. However, mTOR phosphorylation 
was associated with a worse prognosis in GBMs (Fig. 
1). Four publications analyzed the relationship of 
pmTOR (S2448) with histological grade, with conflict-
ing results. One study observed no difference of 
pmTOR with grade; however, the study included only 
patients below 21 years of age.23 Three other studies 
showed an increase in pmTOR (S2448) expression 
with grade.12,17,18 Two reports showed a negative 
impact of pmTOR on survival and two others did not. 
These differences (summarized in Table 3) might be 
due to methodological inconsistencies, such as dif-
ferent statistical analysis (paired analysis of two 
groups instead of ANOVA-based analysis), inaccu-
rate grouping of samples (grouping grade I and II 
tumors together, grouping all grades together for the 
survival analysis, disease-free survival analysis 
including GBMs), different age groups (patients below 

21 years of age), or score-based differences. These 
contradictions indicated the need for further studies 
to define the importance of these proteins in gliomas. 
Our methodology included the use of TMA, which 
guarantees the homogeneity of the immunohisto-
chemistry reaction between the tissues and auto-
mated evaluation, which reduces human errors as 
well as produces a continuous HSCORE  
for accurate and reproducible evaluation of 
immunohistochemistry.

In spite of the many studies that evaluated pmTOR, 
the total mTOR levels were evaluated in only one pedi-
atric tumor study.15 Thus, to the best of our knowledge, 
this is the first work to indicate that mTOR expression 
increases in GBM and is related to worse overall sur-
vival (Fig. 1).

The presence of RAPTOR has been evaluated in one 
study of pediatric low-grade tumors.15 Its expression 
might be another mechanism by which tumors can alter 
the activity of the complex. Even though RAPTOR expres-
sion was highly variable, our results demonstrate that 
RAPTOR expression retained a similar distribution within 

Figure 2. RAPTOR expression in gliomas according to grade 
and IDH1 status. Tissues of non-tumoral brain (NB), reactive 
gliosis (gliosis), astrocytomas of grades I–IV (pilocytic: I, dif-
fuse: II, anaplastic: III, and GBM: IV) were spotted into a TMA, 
and immunohistochemistry reactions were performed for 
RAPTOR. Representative immunohistochemistry of NB (A) as 
well as GBMs with low (B) and high (C) RAPTOR expression. 
Reactions were quantified automatically, and the HSCORE 
was calculated considering the intensity of labeling and num-
ber of labeled cells for RAPTOR (D). Samples positive for 
IDH1 R132H were classified as mutant (mut), and samples 
negative for IDH1 R132H were classified as wild-type. Not 
statistically different when compared with NB. Kruskal–Wallis 
ANOVA and Dunn’s multiple comparison test. Scale bar 50 
µm. Abbreviations: NB, non-tumor brain; GBM, glioblastoma; 
TMA = tissue microarray.
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each group studied. Accordingly, no correlation was 
observed between RAPTOR and survival. These results 
suggest that the increase in mTORC1 activity in gliomas 
is not due to an increase in RAPTOR expression.

The activation of the PI3K/AKT/mTORC1 pathway 
can be measured by its downstream targets including 
the phosphorylation of the ribosomal protein S6, which 
is a target of both p70 and p90 S6 kinases (p70S6K 
and RSK).30,31 The phosphorylation of rpS6 was 
shown mainly for residues 232–235. The phosphoryla-
tion of these residues was shown to increase with 
grade12,33 and to correlate with mTOR phosphoryla-
tion.14 The relationship with survival, however, is con-
troversial and has been associated with poor prognosis 
of grades I and IV in some studies32,33 but not in 
others.12,15,16 Our study shows no association with 
grade or survival for the phosphorylation of this resi-
due. Again in this case, differences may be due to 
methodological inconsistencies (Table 3), such as dif-
ferent cutoff points, different age groups (many studies 
included only pediatric cases), or score-based differ-
ences. As discussed above, the methodology applied 

here enables a more accurate and reproducible evalu-
ation of the immunohistochemistry results.

Phosphorylation of S6 residues 240–244 was seen 
only in two articles: one describes a relationship with 
survival in diffuse astrocytomas,19 and one describes 
an increase of phosphorylation with grade in pediatric 
cases.20 Surprisingly, the phosphorylation of these 
residues displayed a strong association with survival 
of GBM patients and was the only protein whose 
expression was independently associated with sur-
vival in a multivariate analysis. The activation of 
ERK1/2 pathways may contribute for this phosphoryla-
tion, because these residues can be phosphorylated 
by both p70S6K and RSKs.

An increase in the expression of rpS6 could 
account for an increase in its phosphorylation. In 
addition, rpS6—particularly its unphosphorylated 
form—is a mediator of apoptotic cell death induced 
by TRAIL. Thus, it is important to determine total 
expression levels of this protein.34 Curiously, the 
expression levels of this protein were not evaluated 
despite the significant number of articles in the 

Table 2. Correlation Analysis of the Expression of the Proteins Analyzed in This Study.

mTOR RAPTOR p(235–236)S6 p(240–242)S6 S6

 r p r p r p r p r p

pmTOR NB + gliosis −0.3370 0.0686 −0.4922 0.0234 −0.2102 0.2648 −0.3220 0.0372 −0.2507 0.1814
 Pilocytic 0.2918 0.1051 0.1039 0.5848 −0.2547 0.1460 −0.05577 0.7541 0.05742 0.7432
 Diffuse 0.1033 0.5045 0.1026 0.5232 0.04032 0.7974 0.1420 0.3639 0.1222 0.4351
 Anaplastic 0.4121 0.1635 −0.4545 0.1404 0.3846 0.1955 0.5165 0.0741 0.1319 0.6692
 Glioblastoma 0.5022 <0.0001 0.1671 0.1310 0.2655 0.0153 0.3914 0.0003 −0.04635 0.6792
mTOR NB + gliosis 0.1746 0.4038 0.1422 0.4536 0.4113 0.0239 0.5008 0.0048
 Pilocytic 0.5660 0.0014 0.2490 0.1623 0.3686 0.0450 0.4682 0.0060
 Diffuse 0.6015 0.0001 0.3260 0.0329 0.3718 0.0141 0.4672 0.0016
 Anaplastic 0.0164 0.9639 0.2418 0.4257 0.6923 0.0155 0.6099 0.0302
 Glioblastoma 0.6555 0.0001 0.02446 0.8210 0.3749 0.0005 0.03880 0.7212
RAPTOR NB + gliosis 0.2554 0.2179 0.1108 0.5981 0.1946 0.3512
 Pilocytic −0.03024 0.8717 0.007661 0.9674 0.2496 0.1682
 Diffuse 0.1619 0.3182 0.2433 0.1303 0.1077 0.5083
 Anaplastic −0.3357 0.2869 −0.4476 0.1474 0.07692 0.8171
 Glioblastoma −0.06213 0.5675 0.1223 0.2621 0.1722 0.1128
P(235–

236)S6
NB + gliosis 0.4251 0.0192 0.06696 0.7252
Pilocytic 0.6538 < 0.0001 0.3535 0.0372
Diffuse 0.3511 0.0210 0.3878 0.0122
Anaplastic 0.7033 0.0093 0.5275 0.0673
Glioblastoma 0.5419 <0.0001 0.3541 0.0010

P(240–
242)S6

NB + gliosis 0.5306 0.0026
Pilocytic 0.6255 <0.0001
Diffuse 0.3556 0.0208
Anaplastic 0.5714 0.0449
Glioblastoma 0.3678 0.0009

Abbreviation: NB, non-tumor brain. Statistically significant correlations (r>0.35 and p<0.05) were highlighted in bold.
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literature observing phosphorylation of rpS6 in 
human gliomas. Our results showed no association 
with histological grade or impact in survival.

Interestingly, there was a strong increase in mTOR 
expression, phosphorylation, and rpS6 phosphorylation 
in primary GBMs (wild-type for IDH1) when compared 
with secondary GBMs. The levels of mTOR, pmTOR, 
and p(240–244)S6 in secondary GBMs were very simi-
lar to diffuse and anaplastic astrocytomas. These results 
suggest that primary GBMs may have a tumorigenic 
pathway that is much more dependent on mTOR than 
secondary GBMs. Therefore, suggesting that therapies 
targeted at mTOR would only benefit primary GBMs. A 
limitation to our study is that we did not evaluate IDH1 
mutations R132C, R132G, or R132L, which collectively 
represent less than 10% of the alterations observed in 

IDH1. In our cohort, we would expect only one or two 
cases bearing R132C, R132G, or R132L, which is insuf-
ficient to determine whether these mutations would also 
impact the expression of mTOR and rpS6.

Previous studies have addressed the relationship 
between IDH1 and mTOR activation in glioma experi-
mental models.35,36 However, conversely to what we 
have suggested, it was observed that R132H IDH1 
mutation increased mTOR pathway activity via an 
imbalance of the cell’s redox state. However, the 
experimental models tested so far induced overex-
pression of IDH1, which may not match human 
GBMs.35,36 Furthermore, an increase in the expression 
of p(240–244)S6 in R132H IDH1 was observed in 
astrocytomas of grades II and III; however, data pre-
sented included only six cases (with no quantification 

Figure 3. rpS6 expression and phosphorylation in gliomas according to grade and IDH1 status. Tissues of non-tumoral brain (NB), 
reactive gliosis (gliosis), and astrocytomas of grades I–IV (pilocytic: I, diffuse: II, anaplastic: III, and GBM: IV) were spotted into a TMA, 
and immunohistochemistry reactions were performed for p(232–235)S6, p(240–244)S6, total S6, and IDH1 R132H. Representative 
immunohistochemistry of non-tumoral brain (A, D, and G) as well as GBMs with high (B, E, and H) and low (C, F, and I) S6 phosphoryla-
tion at 232–235 and 240–244, respectively. Reactions were quantified automatically, and the HSCORE was calculated considering the 
intensity of labeling and the number of labeled cells for the phosphorylation of residues 232–235 (J), 240–244 (K), and total expression 
(L). Samples positive for IDH1 R132H were classified as mutant (mut), and samples negative for IDH1 R132H were classified as wild-
type. The overall survival curve of GBM patients according to the levels of S6 phosphorylation at residues 240–244 is also shown (M). 
The cutoff for classification of the sample between high and low was the first quartile (HSCORE 45). Not statistically different from NB, 
p<0.05. Scale bar 50 µm. Abbreviations: NB, non-tumor brain; GBM, glioblastoma; TMA = tissue microarray.
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data) and no grade IV astrocytomas.36 Our data 
showed no statistical association between IDH1 sta-
tus and proteins of the mTOR activation pathway in 
grades II and III. An additional article demonstrated no 
relationship between R132H IDH1 and pmTOR. 
However, this analysis grouped together astrocytomas 
of grades II, III, and IV,17 which may obscure the rele-
vance of IDH1 and mTOR activation in GBMs.

Thus, this work presents strong data to support an 
overactivation of the mTOR pathway in primary astro-
cytomas that are associated with a worse survival. If 
confirmed, these results may indicate that targeted 
therapies against mTOR in GBM would preferentially 
benefit patients with primary GBM and warrant further 
clinical trials with mTOR-targeted therapies.
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