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Abstract Recent studies suggest the role of autophagy, an evo-
lutionarily conserved catabolic process, in determining the re-
sponse of gliomas to treatment either positively or negatively.
The study attempts to characterize autophagy in low and high-
grade glioma by investigating the autophagic flux and clinical
significance of autophagy proteins (LC3 and beclin 1) in a group
of glioma patients. We evaluated the expression of autophagic
markers in resected specimens of low-grade glioma (LGG) and
high-grade glioma (HGG) tissues, by immunohistochemistry and
Western blotting. Our results show that expression of autophagy
proteins were more prominent in HGG than in LGG. Increased
level of autophagic proteins in HGG can be due to an increased
rate of autophagy or can be because of blockage in the final
degradation step of autophagy (defective autophagy). To distin-
guish these possibilities, the autophagic flux assaywhich helps to
determine the rate of degradation/synthesis of autophagic

proteins (LC3-II and p62) over a period of time by blocking
the final degradation step of autophagy using bafilomycin A1
was used . The assessment of autophagic flux in ex vivo culture
of primary glioma cells revealed for the first time increased turn-
over of autophagy in high grade compared to low grade-glioma.
Though autophagic markers were reduced in LGG, functionally
autophagy was non defective in both grades of glioma. We then
investigated whether autophagy in gliomas is regulated by nutri-
ent sensing pathways includingmTOR and promote cell survival
by providing an alternate energy source in response to metabolic
stress. The results depicted that the role of autophagy during
stress varies with tissue and has a negative correlation with
mTOR substrate phosphorylation. We also evaluated the expres-
sion of LC3 and beclin 1 with progression free survival (PFS)
using Kaplan-Meier survival analysis and have found that pa-
tients with low LC3/beclin 1 expression had better PFS than
those with high expression of LC3/beclin 1 in their tumors.
Together, we provide evidence that autophagy is non-defective
in glioma and also show that high LC3/beclin 1 expression cor-
relates with poor PFS in both LGG and HGG.
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Abbreviations
LGG low grade glioma
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Introduction

Gliomas, the tumor that affects the glial cells of brain, can be
classified as low-grade (LGG) and high-grade gliomas (HGG)

Highlights
• Increased expression of LC3/Beclin 1 was more prominent in high grade
glioma as evidenced by immunohistochemistry and Western Blot.
• For the first time, autophagic flux assay done in in vitro cultured primary
glioma cells revealed autophagy was non-defective in both low and high-
grade gliomas.
• Patients with high expression of LC3/beclin 1 had worse PFS than
patients with low expression of LC3/beclin 1 in their tumors.
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depending upon the extent of aggressiveness exhibited in
terms of its growth [1, 2]. Despite the multimodal standard
therapies including surgery followed by radiotherapy and che-
motherapy, overall survival rate of patients with HGG remains
dismal [3]. These tumors are apoptosis refractory and have
evolved multiple mechanisms for their survival [4–6].
Autophagy is one such biological process that helps cells to
survive in various stress conditions. Recently, the net influ-
ence of autophagy, a macro process that is dialectical in nature
in terms of its regulatory role in cell death, in glioma treatment
is amply being discussed in literature and are still highly
perplexing [7–11].

Autophagy is a highly regulated intracellular catabolic
system that delivers selective cytoplasmic components in-
to lysosomes for digestion after packing them in double
membrane vesicles called autophagosomes [12]. It helps
in cellular homeostasis by digesting worn out/aged organ-
elles and toxic protein aggregates from the cytosol.
However, an abnormally higher ‘basal’ level of autophagy
occurring in cancer cells is often considered as a pro-
survival process. Enhanced levels of autophagy also help
the cancer cells to meet the energy demand during its
phase of growth [13]. There are signals operating in can-
cer cells that could gauge the nutrient status and regulate
autophagy accordingly [14–16]. At the centre of such co-
ordinating act is mTOR, a serine threonine kinase activat-
ed during nutrient abundance that could suppress the level
of autophagy [17, 18]. On the contrary, starved condition
triggers a rapid inhibition of mTOR to relieve its inhibi-
tory function on autophagy [19].

HGG, like any other form of aggressive tumor, is likely to
face the challenges of nutrient stress [20, 21]. However, the
extent to which glioma cells depends on autophagy to tide over
such stress is currently unknown. Recently, studies have found
that chemoradiotherapy could induce autophagy and contrib-
utes to treatment resistance in glioma [22, 23]. There are re-
ports demonstrating the role of induced autophagy in delaying
the cell death induced by radiation and in development of
resistance against chemotherapeutic drug (temozolomide,
TMZ) [7, 8]. Though autophagy is generally described as a
process meant for the survival of tumor cells, it cannot be
considered as a quintessential cell survival mechanism.
Exceeding the threshold level, autophagy could hyper digest
cellular components and act as a programmed cell death mech-
anism [21]. Drugs capable of inducing autophagy are used as a
strategy to induce cell death in glioma cells [5, 24]. Anyhow, as
a cell death or as a survival mechanism the importance of
autophagy in modulating the outcome of glioma therapy can-
not be overlooked. In this studywe characterized autophagy by
assessing its markers in different grades of human glioma,
performing ex vivo culture of primary glioma cells for
assessing autophagic flux and correlating LC3/beclin 1 expres-
sion with progression free survival (PFS).

Experimental Procedures

Materials

Antibodies against LC3-II, β-actin and all the routine
chemicals used for making buffers or used in the experiments
were purchased from Sigma-Aldrich (St. Louis, MO, USA)
unless otherwise specified. Expose mouse and rabbit specific
HRP/DAB detection IHC kit, antibodies to beclin 1 and p62
were procured from Abcam (Cambridge, MA, USA). Cell
lysis buffer for protein extraction, antibodies to phospho-
p70S6kinase, phospho–4E-BP1, and anti-rabbit and mouse
IgG HRP linked secondary antibodies were purchased from
Cell Signaling Technology (Danvers, MA, USA).
Chemiluminiscent reagents used for Western blots and nitro-
cellulose membrane were purchased from Thermo Scientific
(Rockford, IL, USA). DMEM/F-12 and FBS were obtained
from Invitrogen (Carlsbad, CA, USA).

Methods

Patient Samples and Clinical Information

Tumor samples from different grades of glioma were collected
from patients undergoing surgical tumor resection at the
Department of Neurosurgery, Sree Chitra Tirunal Institute for
Medical Sciences and Technology, Trivandrum. The study was
approved by the Institutional Ethics Committee (IEC). Glioma
specimens were histopathologically classified according to the
World Health Organization (WHO 2007) grading by a neuro-
pathologist. Biopsy samples were primarily processed for im-
munohistochemistry, Western blotting and primary culture on-
ly, and it was not a practice to perform mutation analysis/other
molecular alterations when this study (2009–13) was conduct-
ed. Fresh biopsy sample was used for the isolation and culture
of primary glioma cells (LGG: n = 5 and HGG: n = 5), a portion
of the sample was stored at −80 °C for protein extraction from
tissues (LGG: n = 30 and HGG: n = 25) and another portion of
tissue was fixed with buffered formaldehyde for immunohisto-
chemistry (LGG: n = 37 and HGG: n = 26). LGG included
grade I and grade II whereas HGG consisted of grade III as
well as grade IV tumors. Follow up data were available for 51
of the total 63 patients and was obtained from medical records.
The patients whose clinical outcome data was unavailable were
excluded from survival analysis. PFS is defined as the time
from randomisation to tumor progression or death [25].
Table 1 lists the patient characteristics.

Isolation and Culture of Primary Glioma Cells

Tumor tissues obtained after surgical resection were
washed three times in HBSS, minced to small fragments
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(0.5 mm) and subjected to enzymatic digestion with 0.2%
papain for 15 min at 37 °C. The dissociated tumor cells
were washed, subsequently resuspended and cultured in
DMEM/F-12 medium with 10% fetal bovine serum
(FBS). Cultures were maintained at 37 °C containing
5% CO2 and 95% air until they reached ~80% confluence
and these cells were used for further studies.

Immunohistochemical Staining of Glioma Tissue Sections
Using Autophagic Markers

Biopsy tissues were fixed in 10% buffered formalin, em-
bedded in paraffin, cut into 5 μm sections and mounted
on poly-L-Lysine coated microscope slides. Later, paraffin
sections of tumors were then deparaffinised in xylene,
hydrated through graded alcohols, treated with heat in-
duced epitope retrieval technique using citrate buffer
(pH 6.0) at 95 °C for 5 min and allowed to gradually cool
in the buffer. After that slides were immersed in 3% H2O2

for 10 min to block intrinsic peroxidase activity. The sec-
tions were then immunohistochemically stained with the
following primary antibodies against: LC3 (rabbit poly-
clonal IgG; 1:250), p62 (rabbit polyclonal IgG; 1:100)
and beclin 1 (rabbit polyclonal IgG; 1:50) for overnight
at 4 °C. After washing in TBS containing 0.5% Tween 20
(TBST) for 15 min, the Expose mouse and rabbit specific
HRP/DAB detection IHC kit (Abcam, Cambridge, MA,
USA) were used as the detection system and reaction
was visualised by using 3, 3′ diaminobenzidine tetrahy-
drochloride (DAB) as chromogen. The nuclei were coun-
terstained with Mayer’s hematoxylin and the slides were
mounted using DPX as mounting medium. The immuno-
reactivity was scored on the basis of staining intensity and
was expressed as percentage positive staining per area
using ImageJ. The median values of the score were used
as cut-off points to classify tumors as exhibiting low and
high protein expression [26–28].

Western Blot Analysis

Protein was isolated from glioma tissues and cultured cells.
For extraction of protein from tissue, frozen brain slices were
powdered in liquid nitrogen and lysed in RIPA lysis buffer
supplemented with protease inhibitor cocktail and phospha-
tase (Sigma-Aldrich, St. Louis, MO, USA; for phospho pro-
tein). Protein extraction from cultured glioma cells was done
using cell lysis buffer for protein extraction (CST, Danvers,
MA, USA) supplemented with protease inhibitor cocktail.
The protein concentration was determined using Bradford as-
say with bovine serum albumin used as a standard. For
Western blotting, 100 μg lysates were electrophoretically frac-
tionated by 10% or 15% sodium dodecyl sulfate polyacryl-
amide gel (SDS PAGE) and transferred to a nitrocellulose
membrane by a semidry blotting technique. The membranes
were probed with primary antibody against the target protein
followed by HRP-conjugated secondary antibody and the
b a nd s we r e v i s u a l i z e d by u s i n g We s t F em t o
Chemiluminescence Detection Kit (Thermo Scientific,
Rockford, IL, USA) as per the instructions of manufacturer.
The bands obtained were exposed to X-ray films and docu-
mented using a documentation system (Bio-Rad Laboratories,
Hercules, CA, USA). We evaluated the expression of proteins
as an optical densitometry (OD) ratio by determining its den-
sitometry relative to the densitometry of beta actin [29].

RNA Interference

mTOR siRNA was purchased from Ambion life technologies
(Austin, TX, USA). Primary glioma cells were seeded onto 12
well plate at a density of 80,000 cells per well in DMEM/F12
supplemented with 10% FBS and antibiotics. Following day,
the cells were treated with transfection reagent (Lipofectamine;
Invitrogen, Carlsbad, CA, USA) with or without mTOR siRNA
according to the manufacture’s protocol. The transfection re-
agent alone was employed as a control. After 19 h of incuba-
tion, the cells were enriched with 10% FBS containing DMEM/
F12 for another 24 h. Afterwards, the cells were lysed and
immunoblotted with anti-mTOR and anti-LC3 antibodies.

Cell Staining with Acridine Orange

Autophagy is a process characterized by development of acid-
ic vesicular organelles (AVOs), which can be detected in pri-
mary cultured glioma cells using the lysosomo-tropic agent
acridine orange. Upon acridine orange staining, the cytoplasm
and nucleolus fluoresce bright green and dim red respectievely,
whereas acidic compartments such as AVOs fluoresce bright
red. The increase in red fluorescence is proportional to the
increase in the amount of acidic compartments [30, 31]. For
the assay, bafilomycin A1 (autophagosome-lysosome fusion
inhibitor) dissolved in DMSO was added at a 10 nM

Table 1 Summary of patient characteristics

Histology criteria WHO grade Number of cases

Low grade glioma 37

Pilocytic astrocytoma I 5

Astrocytoma II II 12

Oligoastrocytoma II II 11

Oligodendroglioma II II 9

High grade glioma 26

Astrocytoma III III 4

Oligoastrocytoma III III 3

Oligodendroglioma III III 7

GBM IV 13
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concentration to primary cultured glioma cells for a period of
4 h. After treatment, cells were stained with acridine orange at
a final concentration of l μg/ml for 15 min. Cells without
bafilomycin A1 treatment was taken as control. Cells were
then washed with PBS to remove excess stain and observed
under fluorescent microscope. Quantification of acridine or-
ange intensity was performed using ImageJ software [32].

Autophagic Flux Analysis

Autophagic flux assay was done to analyze the turnover of
autophagy proteins in glioma cells [33–35]. Primary cultured
glioma cells were treated with bafilomycin A1 (10 nM) for a
period of 4 h and 8 h. Cells cultured in 10%DMEM/F-12 alone
was taken as the control. After treatment with bafilomycin A1,
Western blotting for autophagic markers such as LC3-II and
p62 was performed on primary cultured glioma cells, thence-
forth assessing the turnover of autophagic proteins.

Glioma Cell Culture and Amino Acid Starvation
Treatment

To analyze whether autophagy can be induced in glioma
cells, starvation treatment was done as reported earlier
[36]. The cells plated in DMEM/F-12 with 10% FBS were
allowed to grow till 75–80% confluence, after which the
cells were washed twice with Hanks balanced salt solution
(HBSS) and incubated in amino acid deprived HBSS, a
starvation media and autophagy inducer for 4 h. The cells
were lysed and Western blotting for autophagic marker
LC3 II was performed.

Cell Viability Assay Using MTT

For the study, primary cultured glioma cells were seeded in a
96-well microtitre plate (10,000 cells/well) and cultured in
DMEM/F-12 medium with 10% FBS (10% DMEM/F-12) at
37 °C in an incubator containing 5% CO2 to attain 80% con-
fluence. When the cells reached 80% confluence, they were
randomly divided into experiment group and control group.
Cells were treated with i) 10% DMEM/F-12 along with
bafilomycin A1 (10 nM), ii) 10% DMEM/F-12 with 3-
methyladenine (3-MA, 10 mM), iii) HBSS, iv) HBSS with
bafilomycin A1 (10 nM) and v) HBSS with 3-MA (10 mM).
After incubating the cells for 12 h at 37 °C, cell viability was
measured by 3-(4,5-dimethylthiazol-2-yl)-2,5,diphenyltetrazo-
liumbromide (MTT) assay. During combinational treatment,
10 mM 3-MA or 10 nM bafilomycin A1 were pre-treated for
1 h followed by treatment for 12 h. Following treatment, MTT
solution dissolved in the culture media at a final concentration
of 1 mg/ml was added to each well and incubated till formazan
crystals were formed (2.5 h). Acidified isopropanol was added
to dissolve the formazan crystals and the optical density (OD)

of solubilised formazan crystals was measured at 570 nm (with
630 nm as reference wavelength) using a microtitre plate
ELISA reader (BioTek Instruments, Winooski, VT, USA).

Statistical Analysis

Statistical analyses were performed using GraphPad Prism
5. ANOVA with Bonferroni post-hoc tests and two tailed
student’s t-test were used for comparisons of autophagy
analysis results between low and high-grade glioma. Data
were expressed as mean ± standard error of the mean
(SEM). The differences in LC3-II and beclin 1 expression
in low and high-grade glioma were assessed using Mann
Whitney test. The Fisher’s exact was used to evaluate the
association of clinicopathological variables. The survival
analysis was evaluated by the Kaplan-Meier method. The
level for statistical significance was set at p < 0.05.

Results

Increased Expression of Autophagic Markers Such
as LC3 and Beclin 1 in HGG Compared with LGG

The markers characteristic of autophagy (LC3-II and beclin 1)
were detected in the cytoplasm of immunohistochemically
stained tissue sections from both LGG (n = 37) and HGG
(n = 26) (Fig. 1a–d). Both LC3-II and beclin 1 exhibited cyto-
plasmic staining in varying proportions in different grades of
glioma. The study also evaluated the relationship between au-
tophagic protein expression and clinicopathological variables
including grade, age and sex in glioma. The data is summarised
in Table 2. The high expression of autophagic proteins were
more prominent in HGG than in LGG (Table 2). In the majority
of LGG, autophagic markers were either not detectable or
expressed a weak staining (LC3-II: 81% and beclin: 73%);
higher percentages of expression were found only in a small
fraction of tumors (LC3-II: 19% and beclin: 27%). Generally,
the HGG exhibited higher expression of autophagic proteins
(LC3-II: 65% and beclin: 62%) and only a limited number of
specimens expressed weak/negative staining (LC3-II: 35% and
beclin: 38%). The differences in the expression of autophagic
proteins between the LGG and HGG were statistically signifi-
cant (LC3-II; p = 0.001 and beclin 1; p < 0.0001) (Table 2). The
age and sex was not significant with regard to expression of
autophagic proteins.

Western blot analysis further showed that the expression
levels of LC3-II and beclin 1 proteins were significantly higher
in high grade (n = 25) than in low grade-gliomas (n = 30). The
differences in expression of proteins between the low and high-
grade glioma were also found to be statistically significant
(LC3-II, p value = 0.0163; Beclin, p value = 0.0207). The
representative results were presented in Fig. 1e–h.
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Autophagic Activity Is Higher in HGGCompared to LGG

In our experiments with glioma tissue, LC3-II level was signifi-
cantly low or even absent in LGG, whereas the LC3-I level of
LGG was more or less similar to that of HGG. Decrease in the
level of LC3-II/autophagosomes can be due to blockage in the
synthesis of autophagosomes (defective autophagy) or else it can
be because of slow synthesis of new autophagosomes, thus the
level of autophagosomes in cytosol at a given instant of time is
too low to be detected by analysing the expression of endoge-
nous autophagy proteins through Western blotting/IHC [37]. To
distinguish these possibilities, the autophagic flux assay, an anal-
ysis, which helps to gauge the synthesis of new autophagosomes
over a period of time by preventing autophagy at a late stage by
inhibiting fusion betweeen autophagosomes and lysosomes
thereby blocking its degradation using bafilomycin A1 was
employed. Cells with defect in autophagosome production
should not accumulate autophagosomes in the presence of

bafilomycin A1, whereas those cells that synthesise
autophagosomes induce autophagosome accumulation in the
presence of bafilomycin A1, albeit at a slow rate. An increase
in autophagosome can be demonstrated by showing an enhance-
ment in acidic vesicular organelles (AVO) in the cytosol.

Enhanced staining of HGG over LGG by acridine orange, a
stain that could fluoresce in AVO supports our observation that
the level of autophagosome in LGG is too low to be detected
by analysing the endogenous protein in tissue (Fig. 2a). During
bafilomycin A1 treatment, autophagosomes/LC3-II and p62, a
protein that clears through autophagy by degrading in
autophagolysosomes, were accumulated in both low and
high-grade glioma cells irrespective of its grade (Fig. 2a–d).
The rate of accumulation of LC3-II and p62 proteins was low
in LGG than in HGG (Fig. 2e, f), suggesting that the absence or
reduced expression of autophagomes/LC3-II in LGG tissues is
not due to the defect or absence of autophagosome formation
but because of its reduced synthesis rate.

Fig. 1 Evaluation of markers of autophagic process in low and high
grade glioma. a–e Representative immunohistochemistry pictures
showing the expression of LC3-II and Beclin 1 (10×) in low and high-
grade gliomas. Human glioma tissue sections were fixed with buffered
formalin and expression of autophagic markers was examined using an-
tibodies against LC3-II (a Oligodendroglioma II and b GBM; grade IV)
and Beclin 1 (cOligoastrocytoma II and dGBM). It was detected byHRP
conjugated secondary antibody and DAB as chromogen. The sections
were counterstained by hematoxylin (LGG: n = 37 and HGG: n = 26

patients). e–h Detection of autophagic proteins in glioma tissue by
Western blotting. Representative blots of autophagic proteins in low
and high grade gliomas (e) Astrocytoma II (f) GBM. 100 μg of protein
was used for Western blotting assay with autophagic markers. β-actin
antibody was used as loading control. g, h Relative expression of autoph-
agy proteins (LC3-II and Beclin 1) was compared between the grades
(LGG: n = 30 and HGG: n = 25 patients). Data represented as
mean ± SEM

Table 2 Relationship between
autophagy protein expression and
grade of glioma

No: of cases LC3-II expression p value Beclin 1 expression p value

Low, % (n) High, % (n) Low, % (n) High, % (n)

LGG 37 81% (30) 19% (7) 0.0010* 73% (27) 27 (10) <0.0001*

HGG 26 35% (9) 65% (17) 38% (10) 62% (16)

LGG, low grade glioma; HGG, high grade glioma
* p < 0.05
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Fig. 2 Determination of autophagic flux in primary cultured glioma
cells. a, b Detection of autophagy in low and high-grade glioma cell
cultures before and after bafilomycin A1 treatment by acridine orange
staining. a Glioma cells from LGG and HGG were stained with acridine
orange, the bright red fluorescent spots indicating increased
autophagosomes was observed under fluorescence microscope and
photographed. b Degree of red acridine orange staining was quantified
in low and high-grade glioma derived cells using ImageJ software (c–f)
Autophagic flux analysis in low and high grades of glioma derived cells

after bafilomycin A1 treatment. Primary cultured glioma cells treated
with bafilomycin A1 were analyzed for the accumulation of autophagy
markers LC3-II and p62 in LGG (c) and HGG (d). The protein levels
were detected byWestern blotting at 4 and 8 h following bafilomycin A1
treatment. It was normalised to β-actin. Quantification plot of autophagic
induction in low (e) and high (f) grade gliomas. Bafilomycin A1 treatment
increases the accumulation of LC3-II and p62 in both low and high grades
of glioma cells. Values represent mean ± SEM; n = 5 each for LGG and
HGG
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Amino Acid Deprivation Induces Autophagy and its Role
during Stress Varies with Tissue

It is generally assumed that autophagy is essential to tide over the
nutrient stress especially that of amino acid deprivation, as one of
the basal functions of autophagy is to recycle amino acids from
macromolecules for cell survival when nutrients are scarce [38,
39]. In order to look at the different prospects of autophagy or to
define its characteristics in glioma we have done a study with
amino acid deprivation. As expected, the cells isolated from gli-
oma tissues upon starvation induced autophagy irrespective of its
grade, which was evident from the induction of LC3-II during
HBSS treatment (amino acid deprived media) in all cells isolated

from LGG and HGG (Fig. 3a–c). Moreover, the cells isolated
from tissues of both LGG and HGG were found exhibiting 30–
50% decrease in viability upon 12 h starvation (Fig. 3d, e).
However, among the tissues studied (LGG: n = 5 and HGG:
n = 5), the cells isolated from two different samples each from
HGG and LGG, did not further alter its viability (Fig. 3d) upon
autophagic inhibition during starved condition (HBSS vs HBSS
+ Bafilomycin A1/3-MA), whereas the glioma cells isolated
from the remaining tissues further exhibited decreased viability
upon autophagic blockage during starvation condition (Fig. 3e).
These results suggest that the extent at which the glioma cells
depends on autophagy for overcoming the starvation condition
may vary among the tissues.

Fig. 3 Autophagy is induced under starvation conditions. a–c Starvation
induces autophagy in both low and high-grades of glioma. a LGG b
HGG. In both low and high-grades of glioma, LC3-II expression was
more intense in cells grown in starvation condition (HBSS) when com-
pared to control cells grown in 10% DMEM/F12 for 4 h, which was
normalised to β-actin. c Quantification plot of LC3-II protein levels in
control and HBSS treated cells in low and high-grade gliomas. d, e The
viability of primary cultured glioma cells in starvation medium and upon
inhibition of autophagy. d Cells dependent on autophagy for survival and

e Cells non-dependent on autophagy for survival under starvation condi-
tions. Cell viability was determined by MTT assay after a period of 12 h
starvation in HBSS and also co-treatment with autophagy inhibitors,
bafilomycin A1 and 3-MA. Error bars are SEM. ns means not significant,
***, **, * means significant (p < 0.05) in comparison of viability in cells
cultured in 10% FBS containing DMEM/F12 (alone) with that in cells
treated using HBSS alone or on combination of bafilomycin A1 and 3-
MA (n = 5 each for LGG and HGG)
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mTOR Shows Inverse Correlation and is a Prominent
Factor in Regulating Autophagy

mTOR is a survival signaling that once activated could curb
autopahgy, but it is less clear whether under normal growth
conditions basal autophagy in glioma is dependent on mTOR.
The mTOR activity can be detected by analyzing the phos-
phorylation status of its substrates such as p70S6kinase and
4E–BP1 which are sensitive to autophagy induction.
Phosphorylated p70S6kinase and 4E–BP1 were detected in
LGG, whereas it was undetected in all except one HGG ana-
lyzed (Fig. 4a–d). These results suggest that difference in
mTOR activity is the reason for dissimilar autophagic status
in HGG and LGG. To further confirm this, the expression of
mTOR proteins were silenced in cells isolated from LGG
using siRNA. Results showed that the mTOR inhibited cells
induced LC3-II expression (Fig. 4e–f), that verify the role of
mTOR activity on autopahgic rate in glioma tissues.

High LC3-II/Beclin 1 Expression Affects Progression Free
Survival in Glioma

We then analyzed whether there is a relation between au-
tophagic protein (LC3-II and beclin 1) expression and sur-
vival in low and high-grade glioma. The Kaplan-Meier
survival analysis using log rank tests indicated that patients
having high LC3-II and beclin 1 expression was associated

with shorter progression free survival in LGG (LC3: 19%;
p = 0.0397, Fig. 5a and beclin 1: 27%; p = 0.0351, Fig. 5c)
and HGG (65%; p = 0.0399, Fig. 5b and beclin 1: 62%;
p = 0.0268, Fig. 5d). This suggests that high LC3-II and
beclin 1 expression is associated with increased malignan-
cy in glioma.

Discussion

Recent years have seen the realization that autophagy can
have an impact on the prognosis of glioma either positive-
ly [9, 40] or negatively [7, 8, 10, 41], at the same time
defective autophagy has also been found to be associated
with cancer. While the prognostic role of autophagy
proteins in glioma following its endogenous tissue expres-
sion pattern have been well studied [42, 43], they may
often not give complete information, as there may be as-
pects of a defective/blocked autophagy that are
misinterpreted as absence/presence of autophagy, because
most, if not all studies were done on immunohistochemi-
cal analysis of autophagy related proteins. Thus to be able
to accurately characterize autophagy, the in situ assays
should be complemented and confirmed with Bautophagic
rate assay^ that distinguishes normal basal autophagy
from blocked/defective autophagy. These aspects
prompted us to investigate the prognostic role of

Fig. 4 mTOR expression in
relation to autophagy in gliomas.
a–d Western blotting of mTOR
substrates p-4EBP1 and p-
P70S6kinase expression.
Representative blots of phos-
phorylation status of mTOR sub-
strates in low and high grade gli-
omas aAstrocytoma II bGBM. c,
d Quantitative analysis of the p-
4EBP1 and p-P70S6kinase levels
compared between the grades. e, f
Glioma cells were treated without
(control) or with siRNA targeting
mTOR and analyzed by immu-
noblotting using anti mTOR and
anti LC3-II antibodies in LGG
(e). Anti beta actin antibody was
used for confirmation of equiva-
lence in amount of loaded pro-
teins. f Quantification plot of
mTOR and LC3-II protein levels
in cells treated with siRNA. Data
represented as mean ± SEM (p
value - 0.0086)
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autophagic proteins (LC3 and beclin 1) in low and high-
grade glioma patients along with a flux assay to determine
if autophagy is defective or not.

Given the dynamic nature of autophagy that involves the
degradation of autophagic cargo along with the proteins in-
volved in its machinery such as LC3-II and p62, determina-
tion of endogenous protein expression pattern may not pro-
vide useful information [33, 34]. In addition, immunohisto-
chemical staining of LC3-II to analyze autophagy in tissues
has a limitation of missing the expression of other LC3
isoforms [28]. It is because of the aforementioned controver-
sial but important role, autophagy could be more accurately
represented by assaying the rate of degradation of these
proteins rather than analyzing its presence at a given instant
of time [37, 44]. However such rate gauging assays are not
practically possible in tissues but can be done with relative
ease under in vitro conditions by assaying LC3-II and p62
accumulation in cells after blocking final autophagosomal
degradation using bafilomycin A1 for a given period of time
[34, 35, 45, 46]. However, this work to the best of our
knowledge is the first attempt which verifies that the ab-
sence of LC3-II in LGG is due to its low autophagic flux
rather than an autophagic defect by following the degrada-
tion dynamics of an autophagosome membrane marker
(LC3-II) and an autophagic substrate (p62) in cells isolated
from glioma tissues. Since the autophagic rate of primary
glioma cells reflects the autophagic status in tissues from
which it was isolated, the autophagic rate assay helps to
accurately interpret the expression pattern of autophagic
markers observed in glioma tissues.

In order to look at the different prospects of autophagy or to
define its characteristic in glioma, we then investigated wheth-
er autophagy in gliomas is regulated by nutrient sensing path-
ways includingmTOR and promote cell survival by providing
an alternate energy source in response to metabolic stress.
Recent findings show that malignant gliomas have been found
to induce autophagy in response to metabolic stress that inac-
tivates other nutrient sensing pathways including mTOR and
promote cell survival by providing alternative energy sources
[19]. On the premises of such previous reports and on the
observation regarding induction of autophagy in response to
a starvation condition in both HGG and LGG, it is tempting to
assume that the autophagy induced in starvation condition is a
response helping the glioma cells for its survival. However,
our finding that the cells isolated from a group of tissues
induce autophagy under conditions of starvation but the in-
duced autophagy does not provide a survival advantage, sug-
gests that at least in a fraction of glioma patients autophagy
have a role other than survival. Nevertheless, this result war-
rants more in depth and detailed studies, which are beyond the
scope of the present study.

mTOR pathway by sensing the nutrient status of the cell is
thought to control autophagy through regulating the phosphor-
ylation of ULK1, a kinase known to initiate autophagosome
development [18, 47, 48]. Even though autophagy regulation
throughmTOR is themost understood pathway, there are recent
reports that show, certain small molecules can induce autopha-
gy in glioma cells through mTOR independent pathway [49].
We used different approaches including analysis of the phos-
phorylation state of mTOR substrate proteins and analysis of

Fig. 5 Evaluation of the
relationship between LC3-II and
beclin 1 protein expression and
progression free survival of low
and high grade glioma patients
using Kaplan-Meier method. a, b
Plot comparing the high and
negative/low LC3 expression
with survival. a LGG bHGG. c, d
Survival curve comparing the
high and negative/low beclin 1
expression. c LGG d HGG. High
LC3-II and beclin 1 expression
was related to shorter progression
free survival in low and high-
grade glioma
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LC3-II induction after silencing mTOR in glioma to show au-
tophagy in glioma is mTOR dependent. Given the slow growth
rate of LGG comparing to HGG, it is safe to assume that the
nutrient stress is low in LGG comparing to that of HGG.Hence,
it is not quite unexpected that the mTOR activity is found
higher and autophagic rate lower in LGG comparing to HGG.
These results are in line with the previous studies, which dem-
onstrate an increased activation of mTOR in 60% of LGG
[50–52]. However, there are reports demonstrating enhanced
activity of mTOR in HGG, which are in contrast with our
findings. Smaller sample sizes and demographic differences
are the probable reason for such disparities in the observations.

The presence of non-defective basal autophagy in low
and high-grade glioma has been demonstrated in our study,
yet the prognostic relevance of autophagic protein expres-
sion is still a matter of debate. Several recent studies report-
ed that, autophagy induction as well as high LC3 and beclin
1 expression are associated with poor prognosis and treat-
ment outcome in various tumors [26, 53–56]. High LC3
expression has been associated with metastasis and
vasculogenic memory in melanoma [57]. In addition, in-
creased LC3-II and p62 expression were associated with
aggressive clinicopathologic features and poor prognosis in
oral squamous cell carcinoma [28]. By contrast, there are
also studies that show autophagy suppresses tumor progres-
sion and contributes to good prognosis in lung tumors and
human hepatocellular carcinomas [27, 58]. Decreased ex-
pression or allelic loss of beclin 1 correlates with poor clin-
ical results in ovarian, hepatocellular and breast cancers [59].
Although there are evidences implicating the prognostic
function of autophagy marker expression in HGG and
GBM [40, 42, 60], the role of autophagy in glioma has
not been extensively studied in both low and high grades.
Even in gliomas, there were contrasting reports about au-
tophagy as a pro and anti-survival mechanism [42, 61, 62].
Elevated cytoplasmic expression of beclin 1 (BPCE) score
was associated with good prognosis in HGG [42]. Reduced
expression of autophagic proteins (LC3-II and beclin 1) has
been shown to be correlated with the progression of astro-
cytic tumors [40]. On the contrary, in a study, high LC3-II
staining was associated with poor prognosis and resistance
to radio-and chemotherapy in gliomas [10, 63]. Several re-
cent studies report that, autophagy induction has been asso-
ciated with tumor cell survival and adaptation to nutrient
stress in GBM as well as radio resistance of glioma stem
cells (GSCs) [8, 60]. Another study has shown that for
GBM patients with normal karnofsky performance score
(KPS); high LC3B expression was associated with poor sur-
vival and can be used for prognostic purposes. Several stud-
ies have now shown that inhibition of autophagy sensitises
tumor cells to chemoradiotherapies [64–66]. Similarly, stud-
ies also revealed that inhibition of autophagy sensitized gli-
oma cells to treatment [7, 41]. Recent studies in glioma have

shown that autophagy induced in response to radio and che-
motherapy (TMZ) can contribute to therapy resistance [22,
23]. The pro and anti-survival effects of autophagy is still
under debate, particularly when data from clinical trials sup-
port the cytoprotective effects of an autophagy inhibitor,
chloroquine, while it is still unknown whether the other
inhibitors of autophagy would have the same effect. These
observations were derived from studies involving TMZ
treatment [23]. Our findings in this study looked at the basal
autophagic status (LC3/beclin 1) at the time of diagnosis and
did not evaluate the expression of these proteins after treat-
ment. High LC3/beclin 1 expression and poor prognosis in
gliomas in our study was similar to findings from various
recent studies [10, 63]. It is generally accepted that starva-
tion induced autophagy is a critical nutritional response
intended to replenish cellular amino acid supplies, while
basal autophagy is thought to be responsible for constitutive
turnover of certain proteins or for clearance of damaged
proteins or organelles [67]. Our observation of a high basal
autophagy along with a non-defective autophagy in glioma,
might promote tumor progression or even treatment resis-
tance, culminating in shorter PFS in HGG, but owing to
small sample size additional studies need to be performed
to strengthen the relationship.

In summary, our data demonstrated an increased level
of autophagic activity in HGG compared to LGG. The
high expression of autophagic proteins, LC3/beclin 1
were closely correlated with a poor outcome in terms of
shorter progression free survival in both low and high-
grade glioma. The assessment of autophagic flux in
ex vivo culture of primary glioma cells revealed autopha-
gy was non defective in both grades of glioma. For the
better understanding of the regulation of autophagy and
related pathways in glioma, further study needs to be done
on a large series of patients. This may provide further
insights into the relevance of autophagy in glioma, lead-
ing to new therapeutic possibilities in patients.
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