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Endoplasmic Reticulum Stress Induces Glioblastoma Multiforme Stem Cells Apoptosis Via
Inhibiting PI3K/AKT/mTOR Pathway
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Abstract: [Objective] To explore the mechanism of endoplasmic reticulum stress (ER stress) inducing glioblastoma stem cells
(GSC) apoptosis via inhibiting PI3BK/AKT/mTOR pathway. [Methods] Tumor samples were obtained from glioblastoma multiforme
(GBM) patients after surgically resected specimens. Samples were washed, chopped, trypsinized, and filtered. The red cells were
removed. The cells were cultured with tumour sphere medium (TSM) in vitro. GSC markers CD133, GFAP, Nestin and A2B5 were
observed by immune-microscopy. After treating GSC (with/without transfecting with CHOP siRNA) by tunicamycin and thapsigargin,
apoptosis induction was assessed by caspase 3/7 apoptosis assay; the percentage of cell viability was measured by MTS. The
expression of caspase-3, C/EBP homologous protein (CHOP), p-mTOR, p-AKT (Ser473) and p-AKT (Thr308) were examined by
Western blot. [Results] The GSC spheres were formed in 7 days and the GSC markers CD133, GFAP, Nestin, and A2B5 were
expressed. After activating ER stress, GSC cell death and apoptosis were induced significantly by up-regulatin caspase-3, CHOP and
down-regulating p-mTOR, p-AKT (Serd473 and p-AKT (Thr308). However, transfecting with CHOP siRNA, the effects were
attenuated. [Conclusion] ER stress might induce GSC apoptosis via inhibiting PI3K/AKT/mTOR pathway.
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ZIEER T HE A998 (glioblastoma multiforme
GBM, WHO 1V 2 ) J& f A b 28 22 ¢ o % v HL
PERRRE S AR L I SEAE RS F 5T R BITE GBM
i ged 20 BUP A AE —/NER 23 WPk D GBM. g -1 4
it (GBM stem cells, GSC) WV AN aRE , BHAG = 5 5 3%
TR ST LA R ARBUOT AR AT RIRE T,
KRS 5 T3 k2220 FE RN 2 ]
I, By SRR S BRI T 20 ) LA RSRH IR
IR e JRe s TR B ) 5 5 GSC R T L IR T
GBM B (i 78 #4 51, PI3BK/AKT/mTOR 1553
PRACANMA G . B0 A S T rh kR AR
FHZE B S BA S 5 GBM B UIAHSE T #F
FERBL,PIBK £ GSC Pl Pk i vy, 2 EHE
) S B P S S I R0 R 1 s R = i 1P G B U
Mz E S WY, W NVP-BEZ235 T4
HENG R g . P33T (endoplasmic reticulum,
ER)J& 8 5T G R B i S 23 e, oA BT R
¥ (endoplasmic reticulum stress, ER stress) 7E 5 5
JIee e 200 0 T v RS B AR DO BFSEIE S, 2 R
Yo 259 a] LIE i3 ER stress FiEFREEE C/
EBP [AJif#H (C/EBP homologous protein, CHOP)
FIRVEF MM T2 Gargiulo 25— K7
T ER stress 1] LIAG ZLA940 6] GSC 1) & J& | {H AL
PRIEA A1 AE™ . ARWTSE N GBM i 2H 21
B BEFE GSC; i i 25 WG ER stress J5 , WF5T
HOE T AT U PI3K/AKT/mTOR 5 5 1 #1755
GSC T,

1 #H#H57*

1.1 GSCHBEEIEH

GBM [ L ZUR R T i Ll e 5 — < e
MASRLFARA . RIEHE#HIZ N GBM(WHO
IV %), JiPRg 202345 R Singh 457 AL B (230 7
AN TIE W, & Tk Bk ASEE = TR
BT RBUNT 1 mm®) | BRI S 45 8
A R ALSS S IEIF EE TAE IS & T
20 Jf 3 97 R (TSM) H | i35 9% FE A 46 DMEM/F12
(1:1,Sigma) .EGF (20 ng/mL; Sigma) bFGF (20
ng/ml; Invitrogen) ,leukemia inhibitory factor (10
ng/mL; Invitrogen) ; i Lympholyte—M #% FR Z1 4fl
L, B 2L 3 x 10° RN T 75 em? B SRR BT
37 C.5% CO, EF-AE PR, 3 d A8 — IR E 4 s

FEIE VUG 3-4 d R,
1.2 GSC BEMIRELEE

41 B 422 T 22 A Z IR (Poly—D~lysine ) £
ARG FR I 5 R T B A0 BE | 24 h 5 #%
LH IR I 40 o/L Z W 0.5 mL/ALEE T 30
min [& 52 41, PBS 0.5 mL/FLYE A4 4 1K ,5%
BSA/0.6% Triton 0.5 m/fLEF A, ZEIE FBEH 1 h;
ACY =% E CD133(1:1000, Santa cruze ) .GFAP
(1:500,Cell Signaling) \Nestin (1:20, Cell Signaling) .
A2B5(1:50, Cell Signaling)—#Tid %, PBS 0.5 mL/
FLUEZME 4 ¥k, BEOCIFRYE—Pior i E 4t
3 (41 {5, Cell Signaling , 1:200) , L =E4 B (2%
Cell Signaling, 1:200) %5t 41,37 C'F 30 min; Ff
K PBSO.SmL/FLYEAH ML 4 UCJm, BEALIMA 13
prolong anti—fade with DAPI(Lifetechnologies ) , 7
SR, BTV IR, FIRECE 30 min; HE
PRI T (Lifetechnologies ) W&
13 ZYHATIR

AN T ER s RIS E R 2
MK EEE (tunicamycin, Tun, sigma-aldrich) M
% 2 (thapsigargin, Thap, Tocris) A ZH i) ,
RAWRE R 0.5 pmol/L;24 h J5, JIIA caspase3/7
A0 M A T AN 5R) & (AAT Bioquest) , 5328 28 54
TWREE caspase3/7 G AL, FFIFE AN T
(P A0 B/ A0 R 100% ), 1HE— 2545 1
T
1.4 ZAREIETEE 1N E

4NHELL 5 x 105/mL ¥ & 100 wL/FLIZEF T 96
LML, 24 h 433K 0.5 1.2 wmol /L 2R3 B Tun H1
Thap 2% 200 pL /ALIMAZNNL, B8 72 h, A
MTS (MTS: 155 k=1 : 5, Lifetechnologies ) 100 pL/
fLIEE 1.2.4 h J5, 430600 EE A 5 55 40 i
MR
1.5 CHOP siRNA #3210

BOSEAER A, BOEEETAEIAR
(R amiERFRaEp LA 15 x 107FLEEF T 6 FLAH , 7
W/ NT 10%)5 & RG] Lipofectamine2000
(Lifetechnologies) , ¢ CHOP siRNA (¥ T JC /K H
fit i 20 wmol/L, Life technologies)5 pL # T 250
wL OPTI-MEM (sigma—aldrich) 5% 35 & i | 52 =
%, BLE N A W 2R I5 8 2.5 pL Lipofectamine2000
J% 10 wL The BLOCK—iT™ Fluorescent Oligo (%% 44X
18, Lifetechnologies) 43 Jill¥% T 250 wL OPTI-MEM
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th RRTR G T E L B W FRRE A MO B T
ForEGIRYY, B N HE 20 min, FUAL C W Stk
[, 4 A A T 6 FLAR A0 , B 45 fef 1 o
B 15 mL, FRRHRG S 0 C BUMA 6 fLB T, 4200
BGIRIIE 37 C 5% CO, Wi FRf P Rl . 4
ZHAEARETOC WA PRGSO, JFLL S x
10°/mL ¥ 100 L /ALIER T 96 fLAR# 2541
5.
1.6 Western blot #: iUl & B &%

AL 1.5 x 10°/FLER T 6 fLAR P, 15 5% 24
h; LA 0.5 wmol/L Tun I Thap J54k£EH553% 24 h,
ZFIF LU (1, BCA (Thermo ) 5 2t 25 [V JEE
FMAT e g e MR R 1 wg/ pl, 20
pL A E EFE, 5EH 6% 8% (12%E#E47
UK KR P T RRET 4RI . TBST IS, 5%
JBRE A4 Wy, 7E 4 CIREE T E —Hidt CHOP
(Cell Signaling, 1:750) | caspase—3 ( Cell Signaling,
1:1 500) .,p-mTOR (Cell Signaling,1:3 000) ., $i.
mTOR (Cell Signaling, 1:1 000) . $T AKT (Cell
Signaling,1:18 000) , #iL p —AKT ( Cell Signaling,
Ser473,1 :4 000), $T p —~AKT (Cell Signaling,
Thr308,1:4 000) S a-Tubulin (Cell Signaling,1:
100 000) 3 &% . TBST HRRVERE S , % il T E — 9t
Bt B (Cell Signaling, 1:5000)1 h J& , fb2% &
JERWG B,
1.7 SitEFHE

N Quantity One 5B Western Blot 2038 , 5C
B R0 L R AR i 22 (mean + SD) JE 3 UFER
YRS I YAE AR ] S T H AL 3 R EA |, ] SPSS
19.0 A AT 938, 25 AR 1 3RAR I IR B A R
FHER R R I 225007, £ it —20 5% A L BCR
H Dunnett—¢ K555 ; 5% YL 1ii J5 254 1Cs FFE LG
0B UR TR A R ¢ K A SRR o =
0.05,

2 % R

2.1 GSC K/ B

IR bR A 2 ad IRANERS , 7E TG I T Ry R
HEE SR 3 d 5 W RE PR 40 B i O, T an ek
BHE R, 7 d J5 TAMBRE RS2k (- 1),
B R TG — W TR 23k 43 X, A K
R4f,

22 GSCHETE

GBI AT GSC Ak s i, anfE 2
BPEDE G A T e BB % 5% I T A L el DL R
iAHiJE CD133+ .GFAP+ Nestin+ A2B5+%%, iF—
A EIE GSC,
23 ER stress # i X GSC H T E A #n
caspase-3 iz

Tun A Thap 0.5 wmol/L fEHF GSC 24 h )7,
Caspase3/7 2 M 746 37 & 4G caspase3/7
W, IFHEH Tun F1 Thap V8 S 40 0H T84
SR 21.7%+0.7% ,30.5%+2.0% ( % 1), Western
blot B iE caspase3 #1i , caspase—3 JE AT I T- 1Y
KR, E R BOE #E— RS BRI S
GSC M= (E 3,P<0.001),

% 1 CHOP siRNA ## GSC RiFHMAT E T/
Table 1 The apoptosis ration of drugs on GSC and GSC
transfected with CHOP siRNA

DMSO Tun Thap
GSC 1.6 £0.1 21.7+0.7 30.5x2.0
GSC+CHOP siRNA 2.1 £0.2 103+03 11.4+0.3
¢ 2.2 15.8 9.51
P 0.1 <0.0001 <0.001

2.4 ER stress #iE %t GSC ARG TE i 1A 2200

BT T %S, Tun Fll Thap 0.5 pwmol/L 1E
GSC,24 h J¢ 48 h 4RI kA= 94 . AR, 4
I i D A8 i/ (BT 4A) 5 MTTS V6 A6 it 45 ¥ 2 3
22y mT LA Sk 400 ) 40 L ) 14 5 T (1 4B)
2.5 ER stress # i& ¥ GSC & PI3K/AKT/
mTOR 5 S EEXEEANTM

Tun A1 Thap 0.5 wmol/L /£ F GSC 24 h )7 ,
Western Blot 7387 % Bt ER stress /- ST FHE
1 CHOP ik B 2 ¥4 im (K&l 3,P < 0.001), 1
PI3K/AKT/mTOR 155 il % X4 & 11 p-mTOR ,p—
AKT (Serd73) .p—AKT (Thr308) %5 3238 TR (K 5,
P<0.05),
2.6 CHOP siRNA ii2t CHOP E& 5 GSC A
BE3E5EE M BT & PISK/AKT/mTOR 15 S 1& %
XEEANTH

CHOP siRNA # 4% GSC JiEk CHOP J:[H J5 |
XPHCAEE Y2, AN MG A6 T T BERREERREAR (]
6A), 259 1Cs, FEmr I 38 fin (3% 2,P < 0.001);
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& 2 CHOP siRNA #3 GSC RI/GZ54 1C5 &
Table 2 The ICs, of drugs on GSC and GSC transfected

with CHOP siRNA
Tun Thap
GSC 0.8+0.3 1.6 +1.7
GSC+CHOP siRNA 23+02 26+03
A 3 days in TSM; B: 7 days in TSM t 15.79 6.90
B1 EEFEPMEEEERTE P < 0.0001 <0.001

Fig.1 Tumor cells growth in TSM

50 pm

A. CD133+; B: GFAP+; C: Nestin+; D: A2B5+.

2 GSCHiRSMRRILFSR
Fig.2 Expression of GSC markers

50 wm

Procaspaso-3 1.5 Cleaved caspase-3
2)
. I
2L1.04
1)
4 —
Cleaved caspase-3 T
=054
0 A L A
o —lubulin DMSO Tun Thap

50 wm

n=3,F=140.2: 1) ¢ =11.30, P<0.001 vs DMSO; 2) ¢ = 16.35, P<0.001 vs DMSO. DMSO: control. A: GSC were treated with DMSO as control
group; B: GSC were treated with 0.5 pmol/L Tun 24 h; C. GSC were treated with 0.5 wmol/L Thap 24 h; D. Expression of caspase—3 was detected by

western blot.
B3 ZHAETK
Fig.3 Apoptosis assay
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A, D: Control group; B, E: GSC were treated with 0.5 pmol/L Tun 24 h and 48 h;
C, F: GSC were treated with 0.5 pmol/L Thap 24 h and 48 h;
measured by MTS assay

B4 HYNERESFEMGEEEENL
0 ‘ - Fig.4 Morphology changes and cell viability
c/% n molle)'S

G: Cell viability was

Cell viability /%
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DMSO Tun Thap

49 E33 cHop
E=3 P-AKT(Serd73)
E=3 P-AKT(Thr308)

[ p-mTOR

CHOP

=
=
=

p—AKT(Serd473)
2 -

Grey secale

p—AKT(Thr308)

mTOR

p—mTOR
DMSO Tun Thap DMSO Tun Thap DMSO Tun Thap DMSOQ Tun C ThaP

o —tubulin

CHOP: n =3, F=51.98, 1) ¢ =7.618, P<0.05 vs DMSO; 2) ¢ = 9.678, P < 0.05 vs DMSO; p—AKT (Ser473): n = 3, F=82.67, 3) ¢
=11.10, P< 0.05 vs DMSO; 4) ¢ = 11.17,P < 0.05 vs DMSO; p—AKT (Thr308): n = 3, F=154.5, 5) ¢ =27.89, P <0.0001 vs DMSO; 6) ¢ =
29.26, P < 0.0001 vs DMSO; p-mTOR: n = 3, F=76.09, 7) ¢ = 11.03, P<0.05 vs DMSO; 8) ¢ = 10.30, P < 0.05 vs DMSO. DMSO: control.

Bl 5 Tun #0 Thap 0.5 pumol/L £ GSC 24 h J5,ER stress 1 PI3K/AKT/mTOR S BB X B EQRILZER
Fig.5 Expression changes of ER stress and PI3K/AKT/mTOR pathway critical protein on GSC after treated with 0.5
pmol/L Tun and Thap for 24 h



188 IR A (A B4R

37 &

120

——Tun — — Thap
1008

Cell viability / %

0 0.5 1 15 2 2.5
/(. mol/T.)

@ CHOP

P-AKT(Serd73)

2] B3 P-AKT(Thr308)

3 P-mTOR

Grey sca.le

LAl

DMSO Tun Thap DMSO Tun Thap DMSO Tun Thap DMSO Tun ThaP

0.3 1 Cleaved caspase—3
. 024 S, Sl
K
S
)
5
n;] -
0.0

Procaspase—3

Cleaved caspase-3

o —lubulin

DMS0 Tun Thap

After GSC transfected with CHOP siRNA 24h; A. Cell viability
was measured by MTS assay; B: The critical proteins expression of ER
stress and PI3K/AKT/mTOR pathway. C; Expression of caspase—3
6 GSC ¥ CHOP siRNA 24 h 54 & 4R PI3K/
AKT/mTOR i# 2% X & B 70 caspase-3 FKiZZL

CHOPE 1A T (Kl 6B), caspase—3 ik T I
(K 6C); #& 1M, p—mTOR ,p—AKT (Serd73) .p—AKT
(Thr308) 458 (1R AR Z 52 (K] 6B) ; [FIRT, 21 i
AT 0 FFEE 10.3%+0.3% M1 11.4% +0.3%

(£ 1,P<0.001), #E— LUk Z0 A8 7252 2406l
3 3 #®

K5 % M ,GSC 76 GBM it 3| 2L 4E
F-OGSC 7T LL [ F T B 345 4k GBM g
i ; @GSC A BT GBM %ty r A4k y7 ik it
PE; @GSC W LAKI GBM H it did i 4 1Y A A7, A
BT GBM (2281015 FEA SCaFge b AT TR 43
BRI E T A SR U HOR IR S AT D)
#3K GSC i J5, W CD133+ ,GFAP+ Nestin + .
A2B5+46 [AlI), R IR GSC TG I TH 1 35 3L v bk
HBE A5 A GSC BENE [ FRTHT 4 AH 1Y RN
7 GSC 7] BB HA 18 45 R AL 1 BE 77, 12 GBM
R SRRV LS ST . FrLL, $E 1 GSC
(RIIATT T BECNIAYT GBM (1 B EEF 58 7 1]

CHOP J% ER stress /- 4L T~ 10 F¢ S 2R
[ Dol fd ] Tun A1 Thap 2P GSC #4715 ER stress
Ja , WAL B AN TE A & A A4 AR 24, 40 3 4 Bl
5 2 FE G R R PR TG [ R, CHOP
ROFIAA W | 3278 ER stress B80S ; A0 T
R 259015 S GSC KA IR RIE, H#ED ER stress
S AT REA T GSC RYPHT-IT#E

H A B} 2% K Sunayama W 5% & Bl PI3K/AKT/
mTOR {5538 5 GSC 78 GBM H i 82 i 1 A il
H IR UG, JFHERTEE M GSC i) PI3K/
AKT/mTOR {553 #% 7] A3 80397 GBM 75 4%
1Mi, Qin 2SI IF 58 & BE ER stress 1] LB P I8 17
PI3K/AKT/mTOR {553 % , K s FRA THEWT e GSC
M ER stress & 75 A7 AE UM IR T 1245 530 1% LA
2 L R TS PR RN AR T, NI R YT
GSC R A 3, FEARSLE T, ER stress
B, PIBK/AKT/mTOR {5 53 % v 56 5 8 A
AKT .mTOR &3k 32 2] , 1M} caspase—3 HIFR %]
B R X Be g5 SRR GSC H ER stress 34
5 5 A] fE I i 7 PE R Y PISK/AKT/mTOR 15518
BRSNS GSC T,

it — 2k EIR R HEWT, FAT1EH CHOP
siRNA UL#k CHOP 2 [H , & Bl CHOP ik Z 2
il , BEEE AKT .mTOR 1193835 5 X} R4 b3 To i B
ARAK , caspase—3 [N ECHT T, AL TGP AK
AU B R, TR0/ ER stress 155 GSC 1=
SOV ABBEB ] . X IE— R ER stress 1]
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eS8 15 3434 ) PI3K/AKT/mTOR {551 [ 52 91
7T T A T,

BN AR SCHIIESE — 5 TSP AL GBM 4141
thrE IR GSCy ) — 7 TH A A GSC i
1% ER stress 0] A 255 GSC AT, X R0 ]

e 5384 T PE I PI3K/AKT/mTOR 15 51l i A
Ko BeA ML )5 T GSC AT LLAIRYT GBM
PP W5 7 1]
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