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Role of Autophagy in Cisplatin Resistance of Retinoblastoma Y79 Cells and Its Mechanism
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Abstract: Objective To investigate the role of autophagy in cisplatin resistance of retinoblastoma Y79 cells
and its mechanism. Methods The /Cs, of cells was detected by CCK-8 assay. Y79 cells were randomly
divided into control group, Cisplatin group and cisplatin combined with autophagy inhibitor 3-methyladenine
group(Cis+3-MA group). Western blot, cell autophagy staining kit (MDC method) and transmission electron
microscopy were used to observe cell autophagy. CCK-8 assay was used to detect the inhibitory rate of
cisplatin on Y79 cells. Annexin V/PI double staining was used to detect cells apoptosis. q-PCR was applied
to detect drug-resistance-related genes transcription levels. The expression of CaMKK2, p-AMPK, mTORC1
and LC3 Il were detected by Fluo-4 AM calcium ion fluorescent probe staining. Results Autophagy of
retinoblastoma Y79 cells was induced by cisplatin. Autophagy inhibitor 3-MA reduced the level of autophagy.
Compared with cisplatin group, the cisplatin inhibition rate was increased, the apoptosis rate was increased
and the drug-resistance-related gene transcription level was down-regulated in Cis+3-MA group. After adding
cisplatin, the level of intracellular calcium was increased, the expressions of CaMKK?2, p-AMPK and LC3
II were up-regulated and the expression of mTORCI was down-regulated. Conclusion Cisplatin-induced
autophagy is protective for the drug resistance of retinoblastoma Y79 cells and the inhibition of autophagy
could improve tumor cells resistance to cisplatin. Cisplatin could induce autophagy in Y79 cells by Ca**
activation of CAMKK2/AMPK/mTORCI pathway.
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AT 7 AT 2 T AR BRI R A S5 B i 771 1k
J70 AARZBE I T AR, BUREK2E, i
BHAEARRARS T DR, - 0 I 40 98 T it
BATES 24 B 0 A S AL JE S 2 AN SO i o 20 Y
SEUR W FTNTEAFS 5 (14 1 0 X400 4 JE- 240 e 2 i
1iE 245 R A AL

1 #MR5FEE
1.1 R AR

A 2 gy RN ZE AR A, D
16401555 . B4 1M3% ( Gibeo, M ) , CCK-8
2 i 394 58 K% 20 i B G I 3R & ( Beyotime, 1
) , 3-Methyladenine ( Selleck, J¢[¥ ) , Annexin
V-FICT/PIRU YL 241 g 98 T~ ka7 & ( Sigma, 3
) , MDCilifl & (FmelEAd), HiE ) , RNA
PR & (Sigma, 35[H ) , SYBR Green qPCRix
H & (Thermo, £E ) , R FEF& (Fermen-
tas, v/ ¥%6 ) , DL2000 DNA Marker ( TINGEN, 1
[ ) , Fluo-4 AMESE T2 6454 (Solarbio ) Pk
( Abcam, ff[E ) . 47X ( Thermo MULTISKAN
MK3, £EH ) . HmR40{Y ( BD Biosciences FAC-
SCalibur, 3 [FH ) 4,
1.2 ks

PRI JIEE-B 4 LR Y 7O 4 L) 1 55 A AR )
YL E F37°C . 5%CO, MM FIE B A5 R A R 77
Fadh, HEA 10%A64- N5 1Y 164055 3R s 7% . A2
R NRIEFRL, O EA I A A 752
1.3 CCK-87:M 5 4 HL I Cso

B T3 8K, A KRS R Y 7940
L, TR T AL A B, IR AR R 5
x 10 AR T A96FLIR, L1000 plZi Sk,
[l 15228 O IR CO6fLAR A I APBS ), 37°C.,
5%CO 35 740 35 F2 L I ARG % (kB2
0. 1. 5. 10, 20 pmol/L ) ZbFRANAEILEF:48 h,
FALIAT0 pl CCK-8, MFE4 h, BRI £ 1L
uﬁﬁ]ﬁﬁODMO, i—F%:ﬁ%l:lLHICSOo
1.4 4f 20 S Ab P

#*1 q-PCR3|¥157
Tablel Primer sequences for q-PCR

Y7OUMMIHATUN T 4341 YTOXTHRA, 1EH &5
355 CisgH, Y794UMIMACis (L9 JE H1.5 umol/L )
Rig%; Cist3-MAZ, Y7940/ AS umol/L 3-MA
ALFET h, PBSIEEVE/GMACIs (LA H1.5
umol/L ) 537, F& iR/ 2HAb N F48 h,
1.4.1 MDCH (a0 5E A MEACE 21 i B R 2
10° M FHE AL, % FiR 41 Ab BRAn i
MRAEMDCY iR F & B, ALK 40.05
mmol/LIMDC, 37°CiHiH1 h, AW 4uii{¢355
WA
1.4.2 BFHF B MEWE A /ME O
L FH 2. 5% I 0.1 mol/LBERRZ% i 4 °C [&] 5
2~4 h, 0.1 mol/LEPRZZ MREAE3IR, B3K15 min, 1%
PIERIRO.1 mol/LEFRZE Ml & I [ 2 h, 0.1 mol/L
BERR 2z thil (pH7.4) TEVE3R, BFK1S5 min, i
K. BE . WY R ERE S (2%BE RN
UK, MKERET, &Ye1S min) , VIA =R
TR, M RIS A W MAR
1.4.3  CCK-8¥LIE AMAMETMGIR 4 5 A
Sx10NFZTHEA 9GS, AHFL100 pIZi LR,
fie LR A PRAN L, T4 E AL, KiFR48 h,
FLINAL0 pl CCK-8, WEE4 h, MEEHRGE LK
HAEODaso, IR
1.4.4  Annexin V-FITC/PIX L A6 i 45 45 24 Jfo o
T3 A EDTAR0.25% R EHS b 4 i, 280k
AL ISCBEYR M, 1 500 t/min, 5 min&.Ly, £ FiF
W, INPBSH A ; FHPBSEAMAIIEPE2YK, 1500 r/min
5 min, #M8AnnexinV-FITC/PIZR M T4 M55 &
EREVLRASES . A500 ul Binding Buffer, -4
Jd; 5 ul AnnexinV-FITCIRAEMIAS wl P1, TR%AT;
SRR RN 5~15 min, [AEHAERA X IR B IE &
YA AnnexinFIPT, 3 A0 B AL LB
1.4.5  q-PCREAGIN 45 L4 I 7= Fn 22 i 25 36 R 2
kUK, FIPBSIRPE2I, B0 54k
RNA$E B G BHEERNA, 558t
JEE T E RNA P 402 RV B . ARl i e 533
UL AT R 5%, FIFISYBR Green qPCRix
Rl ERCE AR, FFnAL ul B-actinFl pl

Gene Forward Primer

Reverse Primer

B-Actin 5’-AGCGAGCATCCCCCAAAGTT-3’
Bax 5’-AAGAAGCTGAGCGAGTGTCT-3’
Bcl-2 5’-GCCTTCTTTGAGTTCGGTGG-3’
MRP3 5’-TTCCTGGTGGCTGGGCTGATGT-3’
MRP7 5’-AGAGTACACCTGTGACCTGC-3’
P-glycoprotein ~ 5-GAGCCTACTTGGTGGCACAT-3’

-GGGCACGAAGGCTCATCATT-3’
-GTTCTGATCAGTTCCGGCAC-3’
*-GAAATCAAACAGAGGCCGCA-3’
-GACGCACGTTTGACTGAGTTGG-3’
-GAAGAGCACCAACAACAGGG-3’
>-TCCTTCCAATGTGTTCGGCA-3’

[V BNV RV, RV BNV RV,
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cDNA g #E, BEAFEA M B IEFRIE3AN AL,
TEMX3000PSE T 22 e 1 S PCRANHA 7q-PCRI N,
LSRR R 2k T8, q-PCREIHF51,
W1,
1.4.6  Fluo-4 AMAS B2 EHRET AN 4520 41 i P
FEES AR AN R 2 x 10° AR A0k
IR AN, $% R 4L AL BN S, AR T
FHA10 pmol/L Fluo-4 AM, #:%H 730 min, JH
TCES G R EPBS U B D DR R 2, HOGHE R
£ B .
1.4.7 Western blot# il % 41 4 i CaMKK2 |
p-AMPK, mTORC1, LC3 T ik AR4L 4
400 pl{TPMSFRY 2R, $EBUEE T ; BCATEK:
MR P s & ZH UM 1140 ngif47SDS-PAGE
BECHLIK s s & 5% BiNe Wik i TBSTEHA2 he
BRI, 4CWHE R FH 3 B R
HRPHRIC =40, 37°CRERIFE2 h; WEE; ECLE
RS 6, HBandScans i i K EE(H
1.5 itk

K FSPSS21.058 T (A A T 8t o b, A 4
PR IEZE (x5 ) TN, ANRIZH A PR A HL 4
KA 2 )7 224397 (One-way ANOVA ) H1fJLSD
B (/N ETED) |, POOSHESH S #E L.

2 ZR

2.1 PR R LR Y 7920 I Csolll 22
A BE R0, 1, 5, 10, 20 umol/LET, X2

HLA IR 2248 500 . 20.19% ., 32.90% . 41.35%.

64.34%, THHEJGISHICHRE H13.99 (£1.05)

umol/L, J& S5 I ANRET MR & A 14 pmol/L .

A Control Cis

B Control  Cis Cist3-MA C

500
S 401

Q
Q% 300
g% 2001

- 1 =
B-actin l:g 100
0.

Control

2.2 IR X S B 200 AR Y 794 L I Wk P 552 i)

DISEASF K400 X 3 240 R Y 79200 L 19 W ) 2
LT, AL BRAN NS , 7 ST H T S A AR
FI W2 85 22 )22 B5E 1) BROIR 25 04 1 ) s /D 44 B g 14
%, W A WEL KRS -MAJG , [ /MR 8
/b, Western blot45 5L K FE{E 1145 : Control4{LC3
M/LC3 T BfH }0.29 (£0.03) . CisZ50.53 (+
0.06) . Cis+3-MA41/0.39 (+£0.05) , Cis#l5
Control4fl Fb4s:, Cis+3-MA4] 5Cisé] 2% R34
Giit2EE X (P=0.01, P=0.04 ) . MDCHYL (a4
HIACM %€ ODsss: CisZ OD{E & K F Control4 ,
I A WERRITS , ODIE T R
2.3 RS 4 X AR oo B 200 TR AT i o 1
Pl

NI 35 3 149 1 g X R TR0 IS 4 e 9 4 i 0
T-R g U E 2, TR EA, CisdlifT R
J (18.51+1.54) %, Cis+3-MAZMT-% I FF
S (25.94+0.92) %, PAHLKERAGRI¥E
X (P=0.01) . q-PCRZEAI & 2H 20 Ha ) 1417
il ZEH Bel-2 SR A T- S A Bax 25 S B/R, 5Cis
I, Cis+3-MAZBel-2%5 55 K -0 i K
(P=0.002) , BaxH]iE I (P=0.036) .
2.4 [T DX £ LR A4 PR T 245 11 5 )

Y I X PO L5 240 i 9 A4 B i 24 1 s, DL
3, IV E BT RI3-MATAN BRGNS, &0k
JEE A TURE A0 ) 258 349 DR B iy FH R Ak R 4
Jl o q-PCRIFEAG I 4% 20 20 Jfa 17} 25 #H 56 2L MR P3
( P=0.001) . MRP7 ( P=0.001) FlIP-glycoprotein
(P=0.005) , Z5RERECisdl i, Cist3-MA
21 A5 24 35 DR 2 SRR B A

Cis+3-MA

*: P<0.05, **: P<0.01; A: electronic micrographs of
autophagosome in Y79 cells; B: LC3II expression in
each group; C: the OD values of MDC in each group
Bl REAIE S AW RS A R Y 79 iR
=]

Figurel Cisplatin induced autophagy in

Cis+3-MA  retinoblastoma Y79 cells
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Figure2 Cisplatin-induced autophagy inhibited Y79 cells apoptosis
A 100 B
S s 15 £ 15 wx = 15
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=60 E5 10 £210 —  EE0 i
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*: P<0.05, **: P<0.01; A: effects of autophagy on cisplatin inhibition rate; B: the expression levels of MRPs and P-glycoprotein in each group

E3  IREAIESH) 86X Y7940 B i 25 8 550

Figure3 Cisplatin-induced autophagy caused multidrug resistance in Y79 cells
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T4 Yo} 476 B 384 1% AMPK/mTORC 13 J&% 5%
VL4, Fluo-4 AMES & FHREH L A0 R AR B
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FRELEfa) . FE4ERF A NN IR R e, F ]

FERCAWEYESET, MAER AR oL, nE A
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A: the fluorescence expression of calcium of each group; B: the expression of AMPK/mTORC]-related proteins CAMKK2, p-AMPK, mTORC! and
LC3 I /1I; C: the relative expression levels of CAMKK2, p-AMPK, mTORC1 and LC3 I /1T ; *: P<0.05; **: P<0.01, compared with control group
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Figure4 Effect of cisplatin on calmodulin- related proteins of AMPK/mTORC1 pathway
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