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Protein kinase C§ promotes TRAIL-induced apoptosis of prostate cancer cells by in-
hibiting autophagy

GAO Fei, LIU Rong-hua

(Department of Urology.Xingyuan Hospital of Yulin, Yulin 719000, China)

ABSTRACT :Objective To investigate the effects of protein kinase (PK) C8 on autophagy in castration-resistant prostate
cancer cells and to explore the possible mechanism. Methods  Castration-resistant prostate cancer cell lines C4-2 and
CWRZ22Rv1 were used as cell models,cultured and divided into DMSO control, BAF-A1l, TRAIL, PMA and rottlerin groups. The
cell survival was detected with MTT assay. The changes of mTOR pathway,autophagy-related protein markers and apoptosis-re-
lated protein markers were assessed with Western blot. The change of autophagy was determined with GFP-LC3.Results  The
autophagy of C4-2 and CWR22Rv1 cells was induced by TRAIL. PMA inhibited the autophagy by activating the mTOR signa-
ling pathway and increasing the apoptosis sensitivity to TRAIL. PKCs was a key molecule inhibiting autophagy in this process.
Conclusion  The PKC§/AKT/mTOR pathway negatively regulates autophagy of C4-2 and CWR22Rv1 cells,and activation of

this pathway promotes TRAIL-induced apoptosis.
KEY WORDS: prostate cancer; autophagy; PKC3; mTOR signaling pathway
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LR HE TRAIL i S 40 g = . PMA J2HEH
W HF C(protein kinase C,PKO) 1% 7 . 1m PKC ££
LEREE - Y DEU N o i R (B S IR DR A
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G fal P {538 B 0 98 1 A B T T g PKC [R] 2 B A IR
A R FERVER .

TEADFGE ., AT R I PKCS A 1 I 95 20
C4-2 F1 CWR22Rv1 4l g [ W ook 72 19 O 8 30 35 [ 1~
S 25 B R PKCY Af LL3dE i {8 1 % B (protein
kinase B,PKB, W Fk h AK T Bl fk [ 7F, % S 7L
W) B I R 8 & (mammalian target of rapamy-
cin, mTOR) J& % 19 175 14 R 400 i 40 L F w5 . DA T 3 5
0 %t TRATL B SURE | %5 S ol 36 25 ) 4 25 3443k
P i BRI IR T ROCR A —E T B .

1 #REFE

1.1 #H&5RKA  TNF MM F S 6K
TRATL . ¥ il K B A 300 0 550 206 9% 38 R A1 (Bafilo-
mycin Al, BAF-A1) | 4l itg £7 35 & 0 3 75 we mg 5
(MTT).PKCs % £ 1 7 rottlerin, 3& [E sigma
oA s PMA, 13 = RAEY AR 26l RPMI-1640
Fige gk, & [ Gibeo 24 A it F 17K » 28 B Gibeo 24
34k pmTOR. mTOR., p-p70.p70.LC3-A . LC3-
B.ATG3, p-AKT. AKT. PKC§. PARP, % Cell
Signaling /A &l ; PUiE B-actin, £ E Santa Cruz 24 F] .
1.2 #psE s A AT 5 R a bk Ca-2,
CWR22Rv1 5| H 2 H ATCC 35 35 T RPMI 1640
(5% ~10 % i 4 I ) 40 M 15 3% 2k b, 15 3% 2 1R
37 °C.5% CO,,

1.3 GFP-LC3 % il H A T 24 L. il 4n
ifL Ut B I 5 B R 50 %6 ~ 60 Y0 . A R A ML B 3 AR
S, B M X-tremeGENE HP DNA #%
Yeil R e e GFP-LC3 ks i o] 37 °C .50 CO, B 3¢
#0048 h ST 24 iy Ab B A B AR A S5 00 o R Ay A
TRAIL 53 i 51 B 98 240 M A WA A Se 3 b o 4 21
(& 1A): DMSO X} B (20 nmol/L), TRAIL (10
nmol/L) . DMSO (10 nmol/L) + BAF-A1(10 nmol/
L) . TRAIL (10 nmol/L) -+ BAF-A1(10 nmol/L);
rottlerin il PKCo 7£ B 51 i 95 240 Jd i 30 5 Wk 52 56
oo 4 4 (B 3C): DMSO X B (20 nmol/L) .

TRAIL(10 nmol/L), TRAIL (10 nmol/L) -+ PMA
(1 nmol/L) ; TRAIL(10 nmol/L) +PMA (1 nmol/
L) +rottlerin(10 nmol/L)., 5% CO,,37 CiHH 24
h &5 8 TP B T WA IR,

L4 MTT HFMAFFEMEA U EO 40 . 5 40
JHL B B Ry 5 10° A /mL K = A 96 LA fif
7 00 240 b K AL 5 000 AN/ mL . 15 20 g I BE 5 A
2y, i Ak PR AN AR H 52 50 FE A A . AIRGR) i PMA )
1l i 21 % g 200 1L R A P S B R o 4 A (B 2A0) .
DMSO X} ## (20 nmol/L), TRAIL (10 nmol/L),
PMA(1 nmol/L), TRAIL (10 nmol/L) +PMA (1
nmol/L) ;rottlerin #1 ] PKCS £ 5 51 IF 98 2 Jg i) $
A WSz 56 4o 4 2 (8 3B) : DMSO Xt #8 (20 nmol/
L).TRAIL (10 nmol/L), TRAIL (10 nmol/L) +
PMA (1 nmol/L).TRAIL(10 nmol/L) +PMA (1
nmol/L) +rottlerin(10 nmol/L)., &4 & 3~5 4
AL, 5%CO..37 CHEE 24 h Jq, B FLIR B A W
J& 5 mg/mL MTT 200 p L, 4kZ285 5% 4 h )5, 5% R AL
B FR W BEFL A 150 w1 DMSO, 15 Big ¢ 53 16 I
ACEM5E 490 nm KA & LR BEAE 30 5% 52 5 45
TR AR AR R

1.5 Western blot S236 1§t 5 % £ 20 ffd i) mig 40 g
B K EWNA 10 em FEFR I LA 37 °C 5%
CO, B IR A 1 % A i 76 B 3% L vp AR 3R 31 70 % ~
9020 B 2. ff Ab AN B AR 4% S5 5 T R 4 4l
TRAIL 55 fif 51 B 4 A B W AE S5 o o 4 4
(E 1B):. DMSO Xf B8 (20 nmol/L), TRAIL (10
nmol/L) . DMSO (10 nmol/L) +BAF-A1(10 nmol/
L).TRAIL(10 nmol/L) +BAF-A1(10 nmol/L) ;1%
F)E PMA 1) i 51 it g 40 0 B WA FH S 5 vh a3 4
ZH ( 2B): DMSO %} #8 (20 nmol/L), TRAIL (10
nmol/L) . PMA(1 nmol/L),TRAIL(10 nmol/L) +
PMA (1 nmol/L) ;rottlerin #Jl ] PKCS§ 7£ 71 5 If I
AP B VR SE Ay 4 41 (A 3A) : DMSO X fif
(20 nmol/L), TRAIL (10 nmol/L)., TRAIL (10
nmol/L) +PMA (1 nmol/L).TRAIL(10 nmol/L)
+PMA (1 nmol/L) 4+ rottlerin(10 nmol/L), 5%
CO, .37 CHEf 24 h R HUE A . A RIPA 2
WEF UK 2% 10 min, 15 000 r/min 4 °C B0 15
min, /K FIER AR EP 4 A 6 X loading
buffer JF4R IR AT B A 100 “CHIBEKH 5 min fii H
AR, U A R FT SDS-PAGE ik, Jf 5% % NC
B E L RE 1 he InA BB E A Pk 4°CH
Fidk . H TBST WG AR —Hrhiik . %
WWEE 1 h, TBST Wel)s . i ECL . ik
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2.1 TRAILFEEXRAMMETIIREMAE C4-2 F0
CWR22Rvl HEE{E AR O 7 1IEFE TRAIL J#%
)2 BB Y P BRI A C4-2 A1 CWR22Rv1 H

DMSO TRAIL

- - - - -
o - - - -
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DMSO TRAIL DMSO TRAIL
LO3L e o . e
Lc3m — ——
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BT A0 M B WA ISR, W 1A R TERR G T
GFP-LC3 f) C4-2 F1 CWR22Rv1 40 it b, 7% )% S5 %%
A TRAIL (13 T8 B, B 1B H Western
blot £l 5 5K 8. 75 . 76 TRAIL B9 H 38K . 40 Mg N
LC3T AU [ ) LC3IT U [ b3 22 . GxX 2L 25 LHp
FHI T TRAIL m] L2008 Wi R4CR B 3 o, 4
7N B WA A0 M A7 T AR .

DMSO+BAF TRAIL+BAF

CWR22Rv1
-BAF +BAF

DMSO TRAIL DMSO TRAIL
- ol g - —
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LC3II

B-actin WHNEIES GERRIS amn SRR Boactin gD S A S

B 1 TRAIL S5

BIRT 5] AR 4 B C4-2 0 CWR22Rv1 B R (E G 3R

A:C4-2 Fl CWR22Rv1 i ffi %% Ye GFP-LC3 J5i ki J5 N 24 kb B8, 76 9% 56 B 1W0UBE T R ¢ 4%
B:C4-2 F1 CWR22Rv1 4if jfy 254 4k B2 5 $2 I 2R A ] Western blot & Il AH 5& 35 %5 .

2.2 {KIKE PMA i# i #iE mTOR & B H) § B & I

=S X TRAIL BB O T B PKCs S5
B B A A0 ML 1 2 RO 5 A A B R O L2 A R
JIT ARBFFE R T PKCS BB T W K HA o6 3
FEIEPE DL S A Mg T . B 2A o MTT 5555
4E R GORTEAR R PMA 1 TRAIL 3L F/ER T,
HIZ MG 40 i C4-2 F1 CWR22Rv1 & A= ¥4 T2 19 41 i
Kom A BT b T i B IR Mk B PMA 8%
TRAIL Hll3 5 A A i 40 e & A=W 1. B 2B fioR
Western Blot 5t , PARP 57 UJ & i) th U427 1 24
MO T B 2. FE S S I, O T W 48 PKCY &)
mTOR 3 #% L KT iE A W52 & A 5%, AT
T AH R, B 8 38 bR . W B R #E A PMA 1
C4-2 il CWR22Rv1 4 i v, PKCs & (4 ik b1
[ B s AKT 2 0 05 R AL R B A o e o T i 1R
ey AKT ] LG Ak mTOR 2 3l @ ig b, [F]af
p70S6K & FIE R mTOR "Nl & 1 41 R L
I L s e T mTOR B A& PERG . 76
A PMA B4 e, FoATT X AT DU 5 30 40 1 25 1l R

BB T AR A PMA B 20 g 0] R W 8¢ %] mTOR
S BTG . A mTOR 38 B&AE R [ 0 04 6 b i 5
T [ JFL I 5 2 1Y Sl 0 o) 4 P ) B A L T LC3T
H ) LC3IT A 5 Ak T LUAR I B W/ A 3 o . 2
R RAE TRAIL @303 F . LC3T & [ 17 LC3IT 1y
PeAL 2 SR 0 B S R R KA. T AE A
PMA ZJ5,mTOR i@ #& 7% , Werstern blot 45 5 i
7n LC3T A ) LC3IL (5% Ak, 278 4l i 1Y | Wi
o A Bk BB

2.3 PKCS 7E 875 B3 & 4 Bl C4-2 F1 CWR22Rvl
EMHEREANXESF ZHiNERCLEUY]
PMA #] D) {ff C4-2 #1 CWR22Rvl 40 g H & M
PKCs. # H AKT i K& mTOR il [ #% #% i, 5
mTOR 3 B 1) #00G & &t PRCo 48 il 73 75 1 — 2 1
N. BESEE L, FRATZE PMA BB T in A T PKCS
0 1 7 rottlerin LA BH Wy PKCS B #IE . Wi 3A
f #E TRAIL f/EH T . 40 i LC3T 2 1 1) LC3II
WAL 2 n A PMA J5 8 1 AKT 2L & mTOR i@
% AW IR 1L 22, LC31 25 1 ] LC3IT 1y %% ki /b
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A.C4-2 1 CWR22Rv1 4 e 25 9y 4b B 5 MTT A6 I 45 25 40 M9 04 A7 0% 20 B %5, - P<<0. 05;B:C4-2 1 CWR22Rv1 i 24
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WEER S Z AT S 45 R — 8. Mk — 2 mA PKC
H5) rottlerin Jii, Il T FUEE I AKT & mTOR
WYL, B0 AKT LH N E A mTOR B
A7 - FEA 6] I 25 1 p70S6K 1 il 2 £k 7K SF B A 4,
Fe T mTOR J@ # 0 3% Ak g i, LC31 & 3 1w
LC3TI e Ak 5 2 7 1 8 Wit/ F 9k 8 s .
PARP 11 55 YIA (14 95 20 W 48 7% 1 e 2% 48 L 04 7 %800
MIREAR . 40 A T A 25 R 5 &1 3B h MTT (945
HH—2, 3271 rottlerin BT 7 PMA X TRAIL 7£ 2
o L TR . B 3C BoR L TETE O M TR,
kM PMA il TRAIL A% T 40 )9 GFP-LC3 1)
DR L (B AE rottlerin I Z 5 N Hm A B
WA . DL g R U B ) PKCS m] LUK 40 A
Wik (1% Zh BE - AT BEL I PMLA i i#E 48 Jifg F TRATL i) 4
TR A S .

3 it it

RIS IR R B T W EE AR 2 —, it F
AR B I 38 R ZE IR T R LA SO R YT R A A R
SR A6 I H B0 2 A RSB P T A R A 0 A A R B
(. A2 20 M 0f T2 70 TRATL AF S Bt ik g 25 9 B A AR
R 7 R Ry e B A 18 %% 35 06 40 0 U 1 0
PEST (5 BOHE BUME AT B MR 98 40 e i C4-2,
CWR22Rv1 #1 %) TRAIL % S /9 T4 B B A 4K 4t
FER I A AR R P R4 T B ORHEEMEM . B
TR [ WEAE 2 40 6 S A5 55 A8 Ak i an DL 1
VA QrR ARG RPN i B R N A S Wi et D O R R AP
PG R A LA ZE 45 A i o B o A A [R) ) S JRE 4 i
A A VR 2 R IEAS R B AE R 7 5 9 i ok R
Hh, SR 20 B AT DA T B A v LA A RE L AT LA
a0 240 M O T Y e A O AR iR A ) B S g
1. EWERR T AEALYT i B vh 4 R 20 i AR S 2 40, i g
S AT 25 W) 7 A e A M g SRR RE A . R, R
T C 2 R 55 10 51 I 98 A0 I A8 T R VS AR YT
TEAR

mTOR J2& & 75 4 g A= 4 A1 58 1) 8 22 5, [A)
BF B R [ WS Bl B B S B A T I L LTS AR ]
DL W & AR . mTOR J& — Fh 22 S 1R/ 75 24 R I
fitf . 2 540 MK B AZNE U A SR 1 R 4 45 AR ) 2
SR, EREE MW mTOR & 4 4% mTORCL #l
mTORC2 4 1) 5 Fh 2 A P # 2 A AR /8 E i
HorH5YEe. Hh, mTORCL J& 8 WA ¢ 1 3 2 147
P F . mTORCI j@ ot B R fb Atgl3, W] DIl
Atgl WZER T B8 Avgl Bt iy 6 1 R A, B 1R
Atg A MMTE 1 DT B 1] ] 25 40 e 3 A 1 T

B PR AT A i B i mTOR 36 1 A2 B Ok 5
M 4 WK SE . 1 PISK/ AKT 58 % & mTORCI |-
M) FEEP TP WA RO 2 R R e K
T 055 o 0 3 R Ak ST R T TS PI3KC-T 3l f6
TEANMRLE b A 55 — {5 i PIP3, PIP3 5155 & H
AKT FI 3-f B2 LA AR 880 PE 2 R 1 (3-phos-
phoinositide-dependent protein kinase-1, PDK1) 2%
AR AKT 8 B 176 v 1 Tk, 76 1 2L 3h 9 40 e
H, PIBK/AKT B #0362 40 % F g & A &2 &k
TSC1/TSC2, il i 7E mTORCIL, 5] #2 mTOR 1%
W, I, PIBK/ AKT/ mTOR {5 5l /2 fif 88
AT [ 0 E 0K PR 2L ST T I R LA 4 A
FT WA DT e AL L 2 A7 BB T o A 5 3 I 0 S
fIBITHE SIS, AW RIES, BikIER
AKT A1l mTOR #5136 97 7T L 51 6 40 A ) 20 1
TEZ AR AL, ) Gn 4 B i) 25 i fk , TR st fE A LC3T )
LC3TT 554k 1y B 58 388 ), 48 7 40 A 1 s A 1 R 8
BT B . A6 6% e s 20 A b o 46 A AKTT 403 550 /] LA
B S5 A0 O R A

PKC 18 AKT () LliEsr+ . ol A AKT &
FBEER 1L 16 P . PKC Rt 2 4~ Z AR/ 70 A TR
T [R) TR 2 B LR — B AR A5 L s TR AN TR
). —3 PKC R A 8 35 40 i A K s pE Tad 72 P i
P AR 2 4 B0 3 IR T 200 it 28 78 5 4 At BT Ak
PR . BN, PKCa B8 76 8 45 Mg & i sl A% I 1t
A FE T rp AT U R O X S S T I 4 ]
TR 52 22t . 7E IR B 40 i e B PKC 1 Ras {5 %5
i H A AR . A 225 2400305 . T ik B2 4i i v
PKC ) SH2 45 & i 23 #% B Ak . 48 )5 @ i Grb2/
SOSHEHMESHSFHFERE 5. 33 Ras
GRS . AT L Rk IR AKT (G 51 iR
A 2 B R A S R K-ras A9 [5G 00 200 6 v o 3 e
SEPEPI ] PKCo A1 3 37 Y AT L8 20 A 08 1 S0 1 1
-, PKCs 25 9 35 25 Fi 40 M b A2, £ 435 40 i
T AN AF G AR 2% 5 B F0 40 3 50 . i e K [
H A 2SR PKCS W BRI DR, © &
FEHE AT DL i PRCS P45 B W L {H X S BIF 5 11 25 5
AR —F. AE 2008 4F [ — I 56 T 2tk B S o g 3
55, PKCS i INK1 4 /9 Bel-2 9 5 2 1k 4 F
FI WG A SORE S o AH B 7 AR R 4E i v, PKCY )
AT LA 40 A A A R A . (H PRCS Wl i X
S 22 1) DA B A R A ML AT SR R Rl A A

AR IR TR 2 AE 25 PT84 C4-2 Fn
CWR22Rv1 1, PKCS/AKT/mTOR & % %F 41 s {
W () B 1) 98 AR . AR R & PMA R DL BN
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PKCS. B R L 8 1 AKT JF#0E FIiF mTOR LA
Atg EH WL R, Bk LC3I [a] LC3IL {554k . 3 1
SN NI A A N TS S~ = I 1
TRATL H 3 2= 1K B0 E 77 51 R 9 40 B ok 72 b, B
AT RLHE e 08 T 09 A T AT 2 2F 4 M AE s . A
PKCS ¢ 5 1 FH W7 % rottlerin J§ ., PKC3/AKT/
mTOR il #% 1% 1 9% i, LC3T [ LC3IT () %% 1k Tt

2 B W B Gk A, DA T A M EE BT HE BT R
TRAIL T, RFRELRMFE N ER T
W Co @M B vk i i TRAIL 35 S 5 41 Ji
S A0 MR T 4y R B AL . R R e PKCS 1
15 538 B FIALYT 25 W0 1 J7 1% WD R L o — 1 FH AR YT 24
Yt dT 7 X HAA T ) AL B 58 Sy o T8
— B EIR YT RCR S T HIRAR A

S E 3k

[1] TANG DG,PORTER AT. Target to apoptosis:a hopeful weapon
for prostate cancer[ ] ]. Prostate,1997,32(4) :284-293.

[2] ABDULGHANI J., EL-DEIRY WS. TRAIL receptor signaling
and therapeutics[ J]. Expert Opin Ther Targets, 2010,14 (10):
1091-1108.

[3] WU Z,CHANG PC,YANG JC,et al. Autophagy blockade sensi-
tizes prostate cancer cells towards src family kinase inhibitors
[J]. Genes & cancer,2010,1(1) ;40-49.

[4]JIN Z,L1 Y,PITTI R, et al. Cullin3-based polyubiquitination and
p62-dependent aggregation of caspase-8 mediate extrinsic apopto-
sis signaling[J7. Cell,2009,137(4) ;721-735.

[5] SINGH K,SHARMA A,MIR MC,et al. Autophagic flux deter-
mines cell death and survival in response to Apo2L./ TRAIL (du-
lanermin) [JJ. Mol Cancer,2014,13.70.

[6] SHI Q.JIA J,HUI K,et al. KLF5 promotes apoptosis induced by
phorbol ester as an effector of the autocrine factor TNFalpha in
LNCaP prostate cancer cells[J]. Oncol Lett,2017,14(2);:1847-
1854.

[7] ALTMAN A,KONG KF. Protein Kinase C Enzymes in the Hema-
topoietic and immune systems[J]. Annu Rev Immunol,2016,34
511-538.

[8] ISAKOV N. Protein kinase C (PKC) isoforms in cancer, tumor

[}

promotion and tumor suppression[ ] ]. Semin Cancer Biol, 2018,
48:36-52.

[97] GASPARIAN ME,BYCHKOV ML,YAGOLOVICH AV,et al.
The effect of cisplatin on cytotoxicity of anticancer cytokine
TRAIL and its receptor-selective mutant variant DR5-B(1)[]].
Dokl Biochem Biophys,2017,477(1) :385-388.

[10] WEI B, LIANG J,HU J,et al. TRAF2 is a valuable prognostic
biomarker in patients with prostate cancer[ J]. Med Sci Monit,
2017,23:4192-4204.

[11] WEI B,RUAN J,MI Y,et al. Knockdown of TNF receptor-asso-
ciated factor 2 (TRAF2) modulates in vitro growth of TRAIL-

http://jmurology. xjtu. edu

treated prostate cancer cells[ J]. Biomed Pharmacother,2017,93;
462-469.

[12] KIM YC,GUAN K L. mTOR:a pharmacologic target for auto-
phagy regulation[J]. J Clin Invest,2015,125(1) ;25-32.

[13] OCANA A.VERA-BADILLO F.AL-MUBARAK M,et al. Acti-
vation of the PISK/mTOR/AKT pathway and survival in solid
tumors: systematic review and meta-analysis [ ] ]. PLoS One,
2014,9(4) :€95219.

[14] NORMAN LL,BRUGUES J,SENGUPTA K. et al. Cell bleb-
bing and membrane area homeostasis in spreading and retracting
cells[ J]. Biophysic J,2010,99(6):1726-1733.

[15] DICKSTEIN RJ,NITTI G.DINNEY CP,et al. Autophagy limits
the cytotoxic effects of the AKT inhibitor AZ7328 in human
bladder cancer cells[ J]. Cancer Biol Ther,2012,13(13):1325-
1338.

[16] COOKE M., MAGIMAIDAS A,CASADO-MEDRANO V.et al.
Protein kinase C in cancer: The top five unanswered questions
[J]. Mol Carcinog.2017,56(6) :1531-1542.

[17] ZHOU X,SHEN L,PARRIS T,et al. Regulation of the viability
of Nfl deficient cells by PKC isoforms[ J]. Oncotarget, 2014, 5
(21):10709-10717.

[18] KIM H,NA YR,KIM SY,et al. Protein Kinase C Isoforms Dif-
ferentially Regulate Hypoxia-Inducible Factor-lalpha Accumula-
tion in Cancer Cells[]]. ] Cell Biochem,2016,117(3) :647-658.

[19] KAWAKAMI Y,KITAURA J,YAO L,et al. A Ras activation
pathway dependent on Syk phosphorylation of protein kinase C
[J]. Proceed Nation Acad Sci USA,2003,100(16) :9470-9475.

[20] CONLEY-LACOMB M K, SALIGANAN A, KANDAGATLA
P,et al. PTEN loss mediated Akt activation promotes prostate
tumor growth and metastasis via CXCL12/CXCR4 signaling[]J].
Mol Cancer,2013,12(1):85.

[21] BERARDI D E,FLUMIAN C,RODRIGUEZ C E,et al. PKCdel-
ta inhibition impairs mammary cancer proliferative capacity but
selects cancer stem cells, involving autophagy[J]. J Cell Bio-
chem,2016,117(3):730-740.

[22] HAFEEZ A,ELMADHOUN O,PENG C,et al. Reduced Apop-
tosis by Ethanol and Its Association with PKC-delta and Akt Sig-
naling in Ischemic Stroke[J]. Aging Dis,2014,5(6) :366-372.

[23] MARQUINA-SANCHEZ B, GONZALEZ-JORGE ], HANS-
BERG-PASTOR V, et al. The interplay between intracellular
progesterone receptor and PKC plays a key role in migration and
invasion of human glioblastoma cells[J]. ] Steroid Biochem Mol
Biol,2017,172:198-206.

[247 CHEN JL,LIN HH,KIM KJ, et al. PKC delta signaling:a dual
role in regulating hypoxic stress-induced autophagy and apoptosis
[J]. Autophagy,2009,5(2) ;244-246,

[25] SINGH BN,KUMAR D, SHANKAR S, et al. Rottlerin induces
autophagy which leads to apoptotic cell death through inhibition
of PI3K/Akt/mTOR pathway in human pancreatic cancer stem
cells[J]. Biochem Pharmacol,2012,84(9):1154-1163.

(i PN

.cn; zgmnwk. cug. top



