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Objective : Radiation is known to induce autophagy in malignant glioma cells whether it is cytocidal or cytoprotective.
Dexamethasone is frequently used to reduce tumor-associated brain edema, especially during radiation therapy. The purpose of the
study was to determine whether and how dexamethasone affects autophagy in irradiated malignant glioma cells and to identify
possible intervening molecular pathways.

Methods : We prepared p53 mutant U373 and LN229 glioma cell lines, which varied by phosphatase and tensin homolog (PTEN)
mutational status and were used to make U373 stable transfected cells expressing GFP-LC3 protein. After performing cell survival
assay after irradiation, the 1C, radiation dose was determined. Dexamethasone dose (10 pM) was determined from the literature and
added to the glioma cells 24 hours before the irradiation. The effect of adding dexamethasone was evaluated by cell survival assay
or clonogenic assay and cell cycle analysis. Measurement of autophagy was visualized by western blot of LC3-I/LC3-Il and quantified
by the GFP-LC3 punctuated pattern under fluorescence microscopy and acridine orange staining for acidic vesicle organelles by flow
cytometry.

Results : Dexamethasone increased cell survival in both U373 and LN229 cells after irradiation. It interfered with autophagy after
irradiation differently depending on the PTEN mutational status : the autophagy decreased in U373 (PTEN-mutated) cells but
increased in LN229 (PTEN wild-type) cells. Inhibition of protein kinase B (AKT) phosphorylation after irradiation by LY294002 reversed
the dexamethasone-induced decrease of autophagy and cell death in U373 cells but provoked no effect on both autophagy and
cell survival in LN229 cells. After ATG5 knockdown, radiation-induced autophagy decreased and the effect of dexamethasone also
diminished in both cell lines. The diminished autophagy resulted in a partial reversal of dexamethasone protection from cell death
after irradiation in U373 cells; however, no significant change was observed in surviving fraction LN229 cells.

Conclusion : Dexamethasone increased cell survival in p53 mutated malignant glioma cells and increased autophagy in PTEN-
mutant malignant glioma cell but not in PTEN-wildtype cell. The difference of autophagy response could be mediated though the
phosphatidylinositol 3-kinase/AKT/mammalian target of rapamycin signaling pathway.
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INTRODUCTION

Glioblastoma multiforme (GBM), an aggressive primary
brain tumor, is characterized by invasive tumor growth and
remote extension within the brain at the later course of dis-
ease. Thus, surgery plays a limited role in the treatment of this
tumor, and a cure remains elusive. Currently, the standard
therapy for GBM is surgical removal, followed by concomitant
chemoradiotherapy and adjuvant chemotherapy with temo-
zolomide'”.

Radiotherapy is a major cancer treatment modality for solid
tumors as it kills cancer cells and shrinks the tumor either be-
fore or after surgical resection”. However, two limitations to
treatment success are the resistance of glioma cells to radiation
and dose-related adverse events, resulting in poor prognosis.

Dexamethasone, a glucocorticoid steroid, has been used for
decades in the treatment of malignant gliomas to reduce tu-
mor-associated cerebral edema, especially during radiation
therapy. However, the effect of dexamethasone on cancer cell
growth and patient survival remains contentious. Many stud-
ies have suggested that it may protect cancer cells from cell
death induced by chemotherapy/radiotherapy, thus promoting
cancer cell survival®****”,

Autophagy is a vital catabolic mechanism where cells digest
and recycle their own organelles for maintaining cellular ho-

13,29 . . .
' Glucocorticoids are known to induce catabo-

meostasis
lism as they frequently cause steroid-induced diabetes melli-
tus. In this context, dexamethasone is also known to induce
autophagy in many cancer cells or immortalized cell lines in
vitro™>¥*) Researchers have suggested that autophagy could
be important in determining the response of tumor cells to
anticancer therapy>*". Tonizing radiation-induced autophagy
in many solid tumors, including glioma, may trigger tumor
cell survival or cell death*”***". Cross-talk between apoptosis

and autophagy has been suggested but remains unclear™*"

" In
a previous study, we demonstrated that autophagy is partly re-
sponsible for radiation-induced cell death or apoptosis in ma-
lignant glioma cells”.

Phosphatase and tensin homolog (PTEN) is a tumor sup-
pressor gene that is frequently mutated in GBM. It encodes a
dual specificity phosphatase that negatively regulates the
phosphatidylinositol 3-kinase (PI3K)/protein kinase B (AKT)/
mammalian target of rapamycin (mTOR) pathway, which is a

key regulator of autophagy’”. The PI3K/AKT pathway plays

an important role in cancer development, and its deregulation
via the loss of PTEN function is a common occurrence in

7,22,31) In

many aggressive cancers such as malignant gliomas
addition, AKT promotes cell survival by inhibiting apoptosis
through the phosphorylation and inactivation of several tar-
gets after exposure to chemotherapeutic agents or radia-

") Thus, it plays an important role in radiation-induced

tion
autophagy in glioma cells.

The purpose of this study was to determine whether dexa-
methasone affects autophagy and cell survival in irradiated
malignant glioma cells and by what mechanism. The effect of
dexamethasone on autophagy has never been evaluated in irra-
diated malignant glioma cells. We used two p53 mutant glioma
cell lines that varied by PTEN mutational status and assessed

the effect of dexamethasone on cell death and autophagy.

MATERIALS AND METHODS

The Institutional Review Board of National Cancer Center
exempted any registration or permission for in vitro cell line
experiment and publication of its result unless it uses animal
model or patient’s derived tissue. National Cancer Center ex-
empted any informed consent for in vitro study including this

study.

Cell culture and irradiation

Human glioblastoma cell lines, LN229 and U373, were ob-
tained from the American Type Culture Collection. Cells
were grown in Dulbecco’s modified Eagle medium containing
10% fetal bovine serum and 1% penicillin/streptomycin at
37C, 5% CO,. Cells were treated with 10 uM dexamethasone
sodium at the time of plating. At 24 hours after plating, they
were irradiated with a Gammacell 1000 Elite Cesium'” source
(MDS Nordion, Ottawa, Canada) for a calculated dose by
dose rate of 0.0416 Gy/second.

RNA interference

To suppress autophagosome formation, we knocked down the
autophagy-related 5 (ATG5) protein in both cell lines. Knock-
down of ATG5 expression was done using small interfering RNA
(SIRNA) and a negative control bought from Ambion (Life Tech-
nologies, Calsbad, CA, USA) transfected into the glioma cells us-
ing the Lipofectamine 2000 reagent (Invitrogen, Calsbad, CA,
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USA) in accordance with the manufacturer’s instructions. After

24 hours, cells were used in the experiment.

Cell survival assay

Two methods of cell viability were employed : cell-counting
using an automated cell counter (NanoEnTek, Seoul, Korea)
after trypan blue staining and the clonogenic assay. During
the survival assay, cells were plated on 60-mm culture plates
(2x10" cells). After 24 hours, 10 pM dexamethasone was add-
ed, and 24 hours later, the cells were subjected to different
doses of radiation : 0, 2, 5, 10, 15, and 20 Gy. Cells were then
incubated at 37°C with regular media changes for 8—10 days
until the control was 100% confluent. Cells were washed twice
with phosphate-buffered saline (PBS), trypsinized with 1 mL
trypsin-EDTA, stained with trypan blue, and counted using
an automated cell counter. The percentage of viable cells was
calculated from the ratio of treated cells to normal control
cells. Three independent experiments were carried out, and
the mean value was determined.

For the colony-forming assay, cells were plated at clonogenic
density (1.0X10") in a 60-mm culture plate, then treated with
dexamethasone (10 pM) and a radiation dose (10 Gy) as per
the experiment setup. Cells were incubated for 8—10 days with
regular media changes after treatment. Cells were fixed with
4% paraformaldehyde for 20 minutes, then stained with 0.4%
crystal violet for 20 minutes, washed under running distilled
water, and allowed to dry for 2 hours. A cluster of 50 cells or

more was scored as a colony.

Cell cycle analysis

Cells were plated on 60-mm plates (1xX10° cells) and pre-
treated with 10 pM dexamethasone; 24 hours later, they were
subjected to 10 Gy radiation during the log growth phase. At
72 hours after treatment, cells (including non-adherent cells)
were collected, centrifuged twice at 1500 rpm for 5 minutes in
PBS to remove trypsin, then fixed slowly by adding drops of
70% cold ethanol and kept overnight at 4°C.

The fixed cells were washed twice with cold PBS at 2000
rpm for 10 minutes each. Next, these cells were suspended in
500 pL PI (50 pg/mL in PBS) containing 100 pg/mL RNase A
(CosmoGenetech, Seoul, Korea) and then incubated in dark-
ness at room temperature for 30 minutes. DNA content was
analyzed using a fluorescence-activated cell sorter (BD LSR-
Fortessa; BD Biosciences, Franklin Lakes, NJ, USA) and the
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FACSDiva software (BD Biosciences).

Quantitative measurement of autophagy using
acridine orange

For acidic vesicular organelle (AVO) staining, pretreated
cells (as described above) were incubated at 37°C for 30 min-
utes in a pre-warmed culture media containing acridine or-
ange (1 pg/mL). After trypsinization and washing twice in
PBS, pelleted cells were suspended in PBS and kept on ice,
protected from light with an aluminum foil cover, and sub-
jected to a fluorescence-activated cell sorter (BD LSRfortessa;
BD Biosciences) and data analysis by BD FACSDiva software
(BD Biosciences).

Autophagy measurement using GFP-LC3

Cells were transfected with a GFP-LC3 expression plasmid
incorporated into the lentiviral vector using the Lipo-
fectamine 2000 reagent (Invitrogen). Selection was made with
puromycin to establish stably transfected cells expressing
GFP-LC3 fluorescence, which was confirmed microscopically
before the experiment. Three days following 10 Gy irradiation
(pretreatment with 10 pM dexamethasone as described
above), cells were observed under a fluorescence microscope
for GFP-LC3 fluorescence, and LC3-punctuated cells were
counted. The average percentage of autophagic cells was cal-
culated from the ratio of GFP-LC3-punctuated cells to normal
cells only bearing GFP-LC3 fluorescence per high power field
(X200).

Confocal fluorescence microscope
GFP-LC3—transfected cells (1X10°) were plated on a glass
coverslip coated with poly-D-lysine in a 60-mm culture plate
for 24 hours, then pretreated with dexamethasone. At
24 hours after pretreatment, cells were irradiated using a sin-
gle 10 Gy dose, then incubated at 37°C for 3 days before analy-
sis. Cells were fixed in 4% paraformaldehyde with DAPI
staining for 30 minutes at room temperature. Fixed cells were
washed with Dulbecco’s PBS and mounted on a glass slide us-
ing mounting medium. The glass slide with a coverslip was
inverted on a confocal microscope mounting. Photographs
were taken of cells expressing GFP-LC3 protein and punctuat-
ed spots (autophagosome) were analyzed with ZEISS software

(Zeiss, Gena, Germany).
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Western blot analysis

Cells were cultured on a 60-mm plate (1X10” cells), treated
and incubated for the required time (as described above),
washed and trypsinized, and then centrifuged to form cell
pellets. These pellets were lysed in a RIPA lysis buffer with
proteases and phosphatase inhibitor cocktail (100X, GenDE-
POT, Katy, TX, USA) for at least 30 minutes on ice, then
cleared by centrifugation for 20 minutes at 12000 rpm and
4°C. The concentration of protein was determined using bo-
vine serum albumin protein standard and measured with
spectrophotometry at 562 nm. The protein was heated at 95°C
for 5 minutes and resolved by 12% and 15% polyacrylamide
gel electrophoresis using mini-PROTEAN;; it ran at 80 V for
the first 30 minutes and later 125 V for 1 hour. The protein
was transferred onto a nitrocellulose membrane at 250 A for
90 minutes at 4°C and then blocked for 1 hour with nonfat
dry milk in 0.1% Tween in tris-buffered saline. The mem-
brane was incubated at 4°C overnight in different primary an-
tibodies : anti-LC3, anti-AKT, pAKT, anti-ATG5 (Novus Bio-
logicals, Littleton, CO, USA), and anti-B-actin (Sigma-Aldrich,
St. Louis, MO, USA). This membrane was then washed three
times in TBST for 10 minutes and incubated with horserad-
ish peroxidase-conjugated secondary antibody for 1 hour at
room temperature. The protein complex was detected using
western blot detection kit (Fisher Scientific, Waltham, MA,
USA) A and B mixed in the ratio of 1 : 1 and visualized using

an enhanced chemiluminescence developed on an X-ray film.

u3r3
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Cell survival (%)

Statistical analysis

Three independent experiments were carried out (triplicate),
and results were expressed as the meantstandard error of the
mean. Statistical significance was calculated with a two-tailed
unpaired Student t-test using GraphPad Prizm (ver. 6.0;
GraphPad software, La Jolla, CA, USA). A p-value less than

0.05 was considered to be statistically significant.

RESULTS

Dexamethasone protects glioma cells from cell
death after irradiation

We used a dexamethasone dose of 10 pM, which was deter-
mined by the literature as the highest clinically achievable
plasma concentration”*”, and applied a pre-determined radi-
ation dose ranging from 2 Gy to 20 Gy. Dexamethasone alone
did not affect cell proliferation at 10 uM (Supplementary Fig. 1).
Cell survival after irradiation was compared to evaluate the
effect of pretreating with dexamethasone (Fig. 1). The addition
of dexamethasone increased the cell survival significantly in
both U373 (p=0.02) and LN229 (p=0.03) cells. Based on these
results, 10 Gy was used as the approximated inhibitory dose
50 (ICs,) for further experiments to observe apoptosis and au-
tophagy as calculated IC;, values were from 8.92 to 9.52 Gy

from the assumption of sigmoid dose-response.

LN229
120 —

——RT

100

Cell survival (%)

0 5
Gy

Fig. 1. Dex increases survival in both U373 and LN229 glioma cell lines after irradiation. Malignant glioma cells were pretreated with 10 uM Dex and
different doses of irradiation. Both U373 (A, p=0.02) and LN229 (B, p=0.03) showed significant increases in survival. RT : radiation, Dex : dexamethasone.
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Fig. 2. Dex interferes with the cell cycle change after irradiation in both U373 and LN229 cells. A : Flow cytometry at 3 days after irradiation (10 Gy) with
or without Dex. B and C : Proportional analysis of cell cycle fraction revealed radiation-induced G2/M arrest and subG1 accumulation were interrupted
significantly by the addition of Dex in both U373 and LN 229. *p<0.05. Pl : propidium iodide, RT : radiation, Dex : dexamethasone.

Cell cycle analysis after irradiation with or with-  radiation using flow cytometry analysis (Fig. 2). After 10 Gy
out dexamethasone

The steroid effect on cell cycles was observed 3 days after ir-

irradiation, the G2/M phase accumulation was significantly

increased in radiation+dexamethasone (RT+Dex) compared
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Fig. 3. Measurement of acidic vesicular organelles (AVOs) as an indicator of autophagy after irradiation (10 Gy). A and C : Quantitative analysis of AVO
revealed that dexamethasone (B) decreases autophagy in U373 cells (p=0.010) but (D) increases autophagy in LN229 cells (p=0.010). *p<0.05. RT :

radiation, Dex : dexamethasone, FITC-A : fluorescein isothiocyanate.

to radiation only (RT) in both U373 (48% vs. 42%) and LN229
(44% vs. 32%) cell lines (p=0.021 and 0.017, respectively).
Meanwhile, subGl accumulation was significantly decreased
with RT+Dex compared to RT in both U373 (9.8% vs. 19%,
p=0.019) and LN229 cells (8.2% vs. 20%, p=0.02, respectively).
These data together suggest that G2/M arrest and subGl ac-
cumulation of a cell population at a lethal radiation dose is

significantly interrupted by dexamethasone.

Dexamethasone interferes autophagy after irra-
diation differently according to PTEN status

Because autophagy was a primary response to irradiation of
malignant glioma cell lines in our previous study'”’, we mea-
sured autophagy quantitatively to evaluate the influence of
dexamethasone after irradiation. After acridine orange stain-
ing of AVOs, we subjected cells to flow cytometry analysis to
measure autophagy (Fig. 3). For U373 cells, the AVO-contain-
ing cells decreased significantly in RT+Dex compared with
RT (41% vs. 52%, p=0.01). For LN229 cells, AVO-containing
cells increased as much as 56% in RT. These cells significantly
increased further in RT+Dex (73%, p=0.01).

The use of western blot analysis to evaluate the conversion

of LC3-I to LC3-II conjugate is a standard indicator of au-

tophagy™. In U373 cell lines, drastic reduction in the LC3-II
band was found in RT+Dex compared with RT cells. By con-
trast, in LN229 cell lines, a significant increase of LC3-1I was
found in RT+Dex compared RT (Fig. 4A). These results are in
accordance with quantitative measurement of AVO-indicating
autophagy.

We further confirmed the inhibition of autophagy after ir-
radiation by dexamethasone using GFP-LC3 stably transfected
U373 cells (Fig. 4B). The expression level of GFP-LC3-punctu-
ated cells showed autophagy increased after irradiation. Cells
pretreated with dexamethasone (RT+Dex) exhibited less GTP-
LC3 granules than those treated by RT (Fig. 4C; 30% vs. 15%,
p=0.016).

Taken together, the data suggest that dexamethasone inter-
feres with autophagy after irradiation, and the influence is
different depending on the PTEN mutational status of the gli-

oma cell.

Dexamethasone-induced reduced cell death is
reversed with AKT inhibitor in PTEN non-func-
tional U373 cells after irradiation

As PI3K/AKT pathway activation is the alleged cellular re-
sponse to radiation-induced damage in some glioma cells'”,
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Fig. 4. lllustration of Dex’s effect on radiation-induced autophagy in glioma cells. A : Dex inhibits autophagosome formation in U373 cells but promotes
LC3-1l conjugation in LN 229 cells on western blot. B : Fluorescence confocal microscope pictures (x2000) showing GFP-LC3 punctuated cells after
irradiation (middle), which decreased with Dex (right) in U373 cells. C : Graphs indicating reduced number of GFP-LC3 punctuated cells with Dex
(p=0.016) in U373 cells. Three independent experiments were carried out and the mean value is presented. *p<0.05. RT : radiation, Dex :
dexamethasone, AVO : acidic vesicular organelle.
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Fig. 5. Colony-forming assay after Dex and radiation exposure with or without phospho-AKT inhibitor (LY294002). A : Addition of Dex and LY294002
results in the reversal of decreased cell death with Dex in U373 cells (p=0.0052). B : It provoked no significant change (p>0.05) in LN229. The experiment
was in triplicate and the mean value was presented. C : Photography of colony-forming assay plate of LN229 cells. *p<0.05. RT : radiation therapy, Dex :
dexamethasone, LY : LY294002.
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we confirmed phosphorylation of AKT in response to radia-
tion in PTEN-mt U373 cells but not in PTEN-wt LN229 cells
(Supplementary Fig. 2). Then, we performed a colony-forming
assay to determine the effect of dexamethasone on cell surviv-
al after irradiation. When dexamethasone was added to the
irradiated malignant glioma cells (RT+Dex), relative cell sur-
vival fractions were significantly increased compared with RT
in both U373 and LN229 cells (Fig. 5).

Next, we used the AKT inhibitor LY294002 to evaluate
whether the dexamethasone effect on radiation-induced cell
death is affected by the interruption of AKT activation ac-
cording to PTEN status. The addition of the AKT inhibitor
(RT+Dex+Ly) significantly reversed the dexamethasone-in-
duced increased colony-forming ability in U373 cells (Fig. 5A;
0.45 vs. 0.34, p=0.0052). However, the addition of LY294002
provoked no significant change in colony number in LN229
cells pretreated with dexamethasone (p>0.05, Fig. 5B). These
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8 [
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data demonstrate that the dexamethasone effect on irradiated
glioma cells is mediated via AKT activation in PTEN-mt glio-
ma cells, even though autophagy activity regulated by dexa-

methasone treatment differs by cell line.

Phospho-AKT inhibition interferes with the dexa-
methasone effect on autophagy formation after
irradiation in U373 glioma cells

Next, we tested whether the effect of the AKT inhibitor on
the dexamethasone-induced reduction of cell death after irra-
diation in U373 cells is related to autophagy activity (Fig. 6).
Quantitative measurement of autophagy by AVO counting re-
vealed that autophagy activity was significantly recovered by
AKT inhibition (RT+Dex+Ly) when irradiated PTEN-mt
U373 cells were pretreated with dexamethasone (RT+Dex)
(74% vs. 50%, p=0.038); no discernible change was observed
in PTEN-wt LN229 cells. This increased autophagy by an

LN229

100 —

01 I I
Z 60| L
=
o 40 |-
=

20 [~
0 Control Dex RT RT+Dex RT+Dex+Ly

Fig. 6. Phospho-AKT inhibition affects autophagy following Dex interference in irradiated malignant glioma cells. A : In U373, AVO expression increases
significantly (RT+Dex+Ly vs. RT+Dex, p=0.038), indicating increased autophagy. B : In LN229, no significant change of autophagy is seen after blockage
of p-AKT. *p<0.05. AVO : acidic vesicular organelle, RT : radiation therapy, Dex : dexamethasone, LY : LY294002.
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Fig. 7. After autophagy-related gene 5 (ATG5) knockdown, the Dex effect of increased colony-forming ability after irradiation is significantly reversed in
PTEN-mt U373 cells but not in PTEN-wt LN229 cells. *p<0.05. RT : radiation therapy, Dex : dexamethasone, siRNA : small interfering RNA.
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AKT inhibitor in U373 cells appeared to reverse the autophagy
inactivation induced by dexamethasone after irradiation. Al-
together, these data confirm that dexamethasone may be
partly acting through the PI3K/AKT/mTOR pathway in

PTEN non-functional glioma cells.

Autophagy inhibition diminishes dexamethasone-
induced increased colony-forming ability after
irradiation not in PETN-mutant U373 cells

To determine how the knockdown of autophagy-initiating
protein affect the irradiate malignant glioma cells, we knock
down ATGS protein with siRNA. After confirming ATG5
knockdown by western blot (Supplementary Fig. 3A), we mea-
sured the autophagy activity after irradiation by western blot
of LC3 protein (Supplementary Fig. 3B). As expected, knock
down of ATGS significantly decreases LC3 II conjugation af-
ter irradiation in both U373 and LN229 cells.

Next, we investigated whether the inhibition of autophagy
is affect reduced colony-forming ability after irradiation. We
performed a colony-forming assay after transfecting cells with
ATGS siRNA (Fig. 7). The knockdown of ATG5 had no dis-
cernible effect on the clonogenic assay compared to the control
(data not shown). However, ATG5 knockdown (RT+siRNA)
significantly increased the colony number compared to RT
(0.45 vs. 0.30 in U373, p<0.001; 0.57 vs. 0.40, p=0.005 in
LN229) in both cell lines, suggesting that autophagy plays a
role on cell death after irradiation (Fig. 7). The increased colo-
ny-forming ability with dexamethasone after irradiation was
diminished after ATG5 knockdown in PTEN-mt cells. In
U373 cells, the colony number of the RT+Dex was significant-
ly reduced with siRNA treatment (0.543 vs. 0.49, p=0.01).
However, in LN229 cells, the colony number of the
RT+Dex+siRNA was not significantly different from that of
the RT+Dex (0.63 vs. 0.65, p>0.05). Based on these results, we
assumed that the dexamethasone-induced protection from
cell death after irradiation may not be mediated by autophagy
in PTEN functional cells.

DISCUSSION

In our study, we found out that dexamethasone increases
cell viability against radiation effect in malignant glioma cells,

which was related to radio-resistance. A selective phospho-
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AKT inhibitor (LY294002) resulted in the reversal of dexa-
methasone-induced increased cell survival after irradiation in
PTEN-mt malignant glioma cells. Autophagy inhibition by
ATG5 knockdown in these glioma cells resulted in the neu-
tralization of dexamethasone-induced reduced cell death after
irradiation not in PTEN-wt LN229 cells but in PTEN-mt
U373 cells.

Dexamethasone reduces cell death of malignant
glioma cells after irradiation

It is well-known that steroids act on glucocorticoid recep-
tors and regulate the expression of downstream genes to exert

its catabolic and anti-inflammatory effects™”

. Beyond these
hormonal effects, high-dose dexamethasone showed thera-
peutic effects against hematopoietic malignancy such as mul-
tiple myeloma and acute lymphoblastic leukemia™®. In addi-
tion, steroids exert a lympholytic effect on the primary central
nervous system lymphoma®. However, several studies have
suggested that glucocorticoids may protect solid tumors from
cytotoxic effects when used concurrently with radiotherapy or
chemotherapy”*"”. Using mouse model, Pitter et al.”” suggested
that glucocorticoid use during radiation therapy was contro-
versial and may promote cell survival in glioblastoma. In a
retrospective clinical study, the administration of dexametha-
sone during concomitant chemoradiotherapy with temozolo-
mide resulted in poor prognosis in newly diagnosed GBM pa-
tients’”. Recently, Luedi et al.’” observed the effect of
dexamethasone in patient-derived GBM stem cells. They
found that when exposure to dexamethasone, isocitrate dehy-
drogenase 1 (IDHI) wild-type cells (typical of primary GBM)
showed significantly higher invasion, cell proliferation, and
angiogenesis than IDHI mutant-type GBM stem cells. In ad-
dition, they evaluated the downregulation of apoptosis-related
genes and the upregulation of oncogenic genes with dexa-
methasone through transcriptome microarray.

In our experiment, dexamethasone reduced cell death after
irradiation in both malignant glioma cell lines of the common
P53 mutation, which varied by PTEN functional status. How-
ever, the molecular mechanism of dexamethasone on glioma
cells either directly or after binding to the glucocorticoid re-

ceptor remains largely unknown.



Dexamethasone Interferes with Autophagy after Irradiation | Komakech A, et al.

Dexamethasone affects autophagy differently in
irradiated malignant glioma cells according to
PTEN functional status

The uniqueness of our study was that we evaluated the ef-
fect of dexamethasone on irradiated malignant glioma cells in
relation to autophagy, which has been known to be a response
of tumor cells to relevant clinical doses of radiation'”. In our
previous study, we suggested autophagy as a molecular re-
sponse that may lead to radiation-induced cell death or apop-
tosis”.

Dexamethasone has been shown to induce autophagy in
lymphocytes; however, the mechanism has yet to be fully elu-
cidated””. In addition, autophagy activation was found to be
secondary to dexamethasone-induced mitochondrial frag-
mentation in rat myoblast cells™. Wang et al.” suggested that
dexamethasone inhibits autophagy in injured nerve cells in a
dose-dependent manner.

PTEN acts as a classical tumor suppressor and is primarily
involved in the homeostatic maintenance of the PI3K/AKT/
mTOR cascade, which is a key regulator of autophagy™”. PTEN
is a known negative regulator of the PI3K/AKT/mTOR path-
way, and PTEN expression has been found to increase autoph-
agy in p53 mutant PTEN non-functional U87 mutant glioma
cells”. When the effects of LY294002 on radiation were exam-
ined in the PTEN-mutant glioma cell line U251, low doses of
the phospho-AKT inhibitor sensitized U251 cells to clinically
relevant doses of radiation’”. Andrade et al.” verified that
dexamethasone suppresses PI3K-dependent AKT phosphory-
lation via glucocorticoid receptors in rat leukemic cells. Thus,
we postulate that dexamethasone could be acting through glu-
cocorticoid receptors to cause the effect observed in this study.

AKT is known to promote DNA damage repair, especially
in irradiated cancer cells’”. The PI3K/AKT/mTOR pathway
negatively controls autophagosome formation, particularly in
PTEN non-functional cancer cells. Although we observed the
same increased G2/M arrest when irradiated glioma cells were
pretreated with dexamethasone, the autophagy response to
radiation was different according to PTEN status. In LN229
(PTEN functional glioma) cells, the increased G2/M arrest
could induce a prolonged stressful condition to cell’s homeo-
stasis that increased autophagy activity. However, in U373
(PTEN-non-functional glioma) cells, the dysregulated PI3K/
AKT/mTOR pathway may quench the stress from increased
G2/M arrest into reduced autophagy as AKT phosphorylation

becomes upregulated in response to radiation damage.

In this study, we observed autophagy based on acridine or-
ange staining, western blot, and fluorescence GFP-LC3 after
treating cells with dexamethasone and irradiation. Our results
were in accordance with different PTEN status of tested ma-
lignant glioma cells. In U373 PTEN-mutant cells, dexametha-
sone inhibited autophagy after radiation; however, in PTEN
wild-type LN229 cells, it increased autophagy. In addition, the
phospho-AKT inhibitor LY294002 increased autophagy in
PTEN-mutant U373 cells but had no effect in PTEN wild-
type LN229 cells. Thus, we can postulate that dexamethasone’
s effect on autophagy is mediated by phospho-AKT only in
PTEN-deregulated pathways, not in PTEN functional cells.

In our study, the knockdown of ATG5 neutralized the effect
of dexamethasone on autophagy after irradiation in both p53
mutant glioma cells having different PTEN status. However,
the neutralization of dexamethasone’s effect for protecting
from radiation-induced cell death was only observed in
PTEN-deregulated U373 cells. ATG5 has been characterized
as a protein specifically required for autophagy; it also has a
role in the formation of autophagosomes. In addition, ATG5
can be a switch molecule of cross-talk between autophagy and
apoptosis as the calpain-mediated cleavage of ATG5 has pro-
apoptotic properties*”.

The molecular mechanism of dexamethasone-induced pro-
tection from cell death after irradiation in PTEN functional
LN229 remains obscure in our study. We can only suggest the
radiation-induced autophagy is not directly related to cell
death in this circumstance. The catabolic effect of glucocorti-
coids can be responsible for the increased autophagy in PTEN
functional glioma cells due to another nutrient sensing path-
way such as AMPK or lysosomal activation. AMPK, a cellular
energy activator/sensor, is a known negative regulator of
mTOR pathway'”. However, it is beyond the scope of this
study. At this point and should be explored in a subsequent

experiment.

Possible mechanism of action of dexamethasone
in irradiated glioma cells

In our previous study, we observed that a lethal dose of ra-
diation can induce autophagy and that G2/M fraction accu-
mulates in proportion to the radiation dose'”’. Thus, we can
suggest that DNA damage provoking G2/M arrest after irradi-

ation was strong enough to increase autophagy in glioma cells.
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Tusher et al.* identified a major change of gene expression
after radiation using microarray in lymphoma cell lines.
Among significantly upregulated genes after irradiation, 60%
were genes related to cell cycle regulation, and 9% were in-
volved in apoptosis. G2/M arrest activates corresponding cy-
clin-dependent kinases, which in turn activate repair machin-
ery of DNA double-strand break, a common radiation injury”.
In our study, increased G2/M arrest and decreased subGl
fraction with dexamethasone pretreatment may be a result of
increased DNA double-strand break repair. Aasland et al.”
had demonstrated that O°-methylguanine-DNA methyltrans-
ferase (MGMT), which is a significant biomarker for glioblas-
toma concomitant chemoradiotherapy with temozolomide,
was induced by glucocorticoids because the MGMT promotor
site has two glucocorticoid response elements (GRE) in HeLa
S3 cells. Later, they evaluated that MGMT expression is not
affected by radiation or temozolomide and is primarily con-
trolled by specificity protein 1 (SP1) transcription factor in
various malignant glioma cell lines. In addition, they suggest-
ed that p53 activation after irradiation suppresses its down-
stream target SP1, elevating the important role of glucocorti-
coid on MGMT expression via GRE binding in p53 mutant
glioma cells.

Unfortunately, we neither quantified DNA damage after ir-
radiation nor evaluated the expression of corresponding cy-
clin-dependent kinases. Thus, we could not say whether the
dexamethasone protection from radiation-induced cell death
in our study was from decreased DNA damage or increased
DNA damage repair. We need to evaluate this point in future
experiments, which will be dedicated to dexamethasone-in-
duced DNA repair machinery change and responsible molec-

ular pathway.

CONCLUSION

In our study, PTEN mutational status of malignant glioma
cells is responsible for the different autophagy interference of
dexamethasone after radiation. Autophagy inhibition after
ATG5 knockdown reduces cell death or apoptosis only in
PTEN non-functional glioma cells. Dexamethasone interfer-
ence of autophagy observed in malignant glioma cells during
our experiment seems to be partly mediated through the
PI3K/AKT/mTOR pathway in PTEN-mt cells.
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Our findings demonstrated that the combined treatment of
dexamethasone with radiation in malignant glioma cells re-
duces cell death, which could be responsible for the radio-re-
sistance frequently observed during radiotherapy in patients
with malignant gliomas. Careful use of dexamethasone dur-
ing radiotherapy could be important to minimize treatment

failure in glioblastoma patients.
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