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ERMET R C AEREE R BRK X HLRE M B A 750

W FLEREK, RN R A B B HREX (400038 i JR, 4 =72 k2 i E B 2%
W RAMRHIFZE I, STl 2 2 40 B 26 W~ O 227 )

(HWZE] HIY Wi vk T C 45K (xeroderma pigmentosum group C,XPC)
FEBRXT AVER . Jiik A shRNA SIS & foe T4 XPC 9 IR IEda T24 i ey, & F B
IBHARKN T4 XPC J5 A WEFRAEE [ LC3 1T 3Rk, BEET 4% Y GFP-LC3 , 5 't i Sl 458 WL 52 4 fif 2¢ S 2R
AETE DL, CCK-8 245 I 248 i F 384 FECIR 0, B i B R AR A I B Wi M P T AH G ERE LI RaE . 851 T
N7 T4 XPC 4 B8 e Jis T24 4 MRS, T4 XPC J5, e T24 40 [ v /MEMIE i [ (1.53 +
0.81)% vs(3.30 £0.70)% ,P <0.05 B S0k /0, AAVE T e bess T24 4 A v/ MARTE [ (2. 19 +
0.37)% vs(3.20 £0.29)% ,P <0.05 ] W] iyl /b; EA AL i XPC S 2K 5 1 55 I 96 T24 4 i B W ; XPC ikt
KIar AmEAAERY A, g5 XPC BRI S 5IRE B E T24 41/ B .
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Effect of deficiency of xeroderma pigmentosum group C on autophagy of bladder

cancer cells

Liu Yu', Wang Huanhuan®, Shi Jiazhong®, Huang Yaqin®, Yu Jin>, Yang Jin>, Chen Zhiwen' (' Institute of Urinary
Surgery, Southwest Hospital, >Department of Cell Biology, College of Basic Medical Sciences, Third Military Medical
University, Chongqing, 400038, China)

[ Abstract | Objective  To determine the effect of deficiency of xeroderma pigmentosum group C
(XPC) on the autophagy in bladder cancer cells. Methods By using shRNA, a stable XPC deficient cell
model was established based on human bladder cancer T24 cells. The protein level of LC3 Il was detected by
Western blotting to monitor the autophagy. GFP-LC3 puncta were visualized by using fluorescence microscopy
after transiently transfected with a GFP-LC3 expression vector. Cell viability was detected by CCK-8 assay.
The expression of the proteins involved in apoptosis and autophagy signaling was detected by Western blot
assay. Results A stable XPC deficient model of T24 cells was successfully established. Knocking down of
XPC resulted in decreases of autophagosome formation under both normal [ (1.53 +0.81)% wvs (3.30 +
0.70)% , P <0.05] and cisplatin-induced DNA damage condition [ (2.19 +0.37)% wvs (3.20 £0.29) % ,
P <0.05]. Cisplatin promoted cell autophagy in XPC deficient T24 cells. Autophagy played a non-protective
role in XPC deficient cells when dealing with cisplatin induced DNA damage. Conclusion XPC is involved
in the autophagy in T24 cells.

[ Key words | bladder cancer;xeroderma pigmentosum group C; autophagy; DNA damage response

Supported by the General Program of National Natural Science Foundation of China (81372726). Corresponding author; Chen Zhiwen, E-mail; zhiwen@ tmmu.

edu. cn
[BEWE]  HF ARG E EIH (81372726) AR T I TE 2 AN TE 22 32 A IR B N TR
[BEEE] &, E-mail: zhiwen@ tmmu. edu. cn DNA j:J'Ei,f/ﬁ H"JE‘ZHJJ‘O ﬁl\ ?}El; lVIF %@Tﬁ/ %ﬁl\éj% N EEA % %

[#%EHAR]  hup://www. cnki. net/kems/detail/51. 1095. R. 20160322. B FERFERILEY) (eg (LITZ59) 255 WIRPERR
1439 008. himl (2016-03-22) VA 7 0 55 P AR T A A DNA S5 Y2 o



1428 = HERR,2016,38(12)

http : //aammt. tmmu. edu. cn

. DNA #5018 52, A0 B I 52 1E 5 T RE s 45 AR e
52,181k DNA 549 502 fioh 2% 4 5K %) 48 M B 7, an i 1
R, BV RN], DNA B 4538 AT 55 3 W)
JAE T HL A WETE DNA 45 43 by 27 o) 78 v 4 J A
FAY 2 EREAS [45 497, DNA f 48 S BL T AS R AR I,
Hie St 26 B fe o )z B 2 % H RV bR 18 &2
(nucleotide excision repair, NER) , ‘B 7E40 Mo 4 5 H &
BEREE P R RN E B BT
75 C 20 3 [N ( xeroderma pigmentosum group C, XPC) &
R R TN R E R R L TR
DNA 5 {0 28 h 2 15 5 E o W0 7 Gk 1
R T DNA RERIEHEIER , ISR AR R
FEMR R o AL TIPS R B, XPC 4
T AR ISR IR R A 5 IR A #GE B XPC AN
Z 520 NER B4, HAETETIBRE 52 RUE 5 1
&5 G (o E A S0 B A0 MG O AR A T A
RAFE—EWIRE. DNA $ii 45 BE ] fil /% DNA 1945 0518
bR, NS AR & A, b A BELE DNA 545
NE R SOREEEANER . B2, WS DNA #5475 N 2
PR LA N o] A BAE H AS T R AR BE S G TE
XPC 73 F1F i NER &2 H il & [, 78
DNA Fii e 8 i R FEEEAE (A HE G 25 A 1w
ANERE . AWFFEHF XPC JUBR ) 240 7Y | 38 1 S s
SR /DA P 58 A7 LB B 3t 23 B LA R
PRIT XPC 2 [ 25 0 J1% IO 6 200 JfL 8 s 1 S, [ )
EEATT 25 IEIAL T T p-ATM (S1981) i V1 2 28
KA P T IE O, WP ER T XPC R 1 6l R 5% ) % b
T A0 AL B W - HIL

1 RS

1.1 £Z44

NI s T24 A MG, 57 — 42 2= K2 SE A = = 4
JLAE W2 O = A . T GAPDH $ip{& . DMSO iy
H Sigma 2\ ], gl . RPMI1640 355558 i 4R 1758 A
2 [# HyClone 7 7], cleaved PARP (9546S) . LC3 1l
(3868S) A&l [ Cell Signaling /3 7], XPC (ab6264 ) |
p-ATM (ab81292) i A [ 35 [ Abcam 23 #], HL 7%
VK] Tubulin HTK  DAPT Je (43 5 55 B R I IR X
U AR R VLIR30 = RAEIHEAR A A, Fhi/M R
IgG/HRP 414 1gG/HRP W 3 b5t A2 4 A W],
Cell Counting Kit-8 i) H Dojindo 2w, 35t A B NG W5 45
4% Z K I B R E 4750 7], DC Protein Assay
A e B g R & B 3¢ [ Bio-Rad 24\, 4+ 1LV
HAEHM H USB 22 w], 4 HEFHI§FI% B Roche 24w,
AR SR I A 22 8 Thermo 23 H], PVDF JEIg [ Milli-

pore 23 A, BHESF N5 AR 3 T-22 E Invitrogen 23],
1.2 Fik

L.2.1 4 fuss s K& A 10% k25 135 1
RPMI1640 $535 5L, F 37 °C 5% CO, R85 FHE55, R4l
FRLEHE AT B AR, R T Al s SR AR

1.2.2 FoE#hil XPC BRI A, R A PR
R A 9236 07 96 B shRNA S 65 4k F Xt
BAER I T24 40 i 4 5 T 48 fLAk, 70 iy xf B4
T24NC 4ii it T4 20 T24shXPC 40 iy , 5 25 48 h )5
eIk, >R P 00U W5 R L ROR T L B 22
A, R LG E 28 200 N4 sE R, Pk o AR
(R vERES RS IR e TR

1.2.3 a8 2 EL A Western blot £ i
#A ( cisplatin, CIS) 30 wmol/L , 5 M ( chloroquine, CQ )
20 pmol/L Kz — &4 FIALFE T24NC  T24shXPC [ 2H 41
JL, A5 FH TR AL 5 B 2 BT e B R O P s
O K DLTE AT PBS PR 5 PRI G, 74 PBS TMI7EDL
JEFFIMA RIPA ZH#H, vK 2% 15 min J525.0 8 min,
4 °C .14 800 r/min, Ky K BAUTIE Yy DNA | [ M r
T, HEEWEE R E R DC Protein Assay 5, K¢
WM G AT TR, AT B B E 20 pg,
6T P 2R P s T P 6 P IORE B 1 B EA T 40 B, B S R
FHMR L 2 PVDF B b SRAMF T HIRE T 1%
BSA 5 5% 4 Wi, T ERFE IR h £ 412 h, AR5 & T
WA 121 000 () —4ir,4 CEF I
PBST ¥: i 3 ¥k, 3£ 30 min, H &7 Tween20 ¥ & 4
0.1% . TEIRFMTETWHBEAECH 1:10 000 1 —
B BEE 2 h, FRAE A PBST BE¥ 3 WK, a2 iR
e BRI X 2 B

1.2.4 R OO MM mmgs e
DG A ADCEE 1 8468 3 Fill 5 8 1 BORL ( green
fluorescent protein and microtubule associated protein 1
light chain 3 fusion vector, GFP-LC3 , 5 = %= £ K 2# 3Ll
BRI A 5 o AW B E 5 ) 5 Lipo-
fectamine 2000 % YLR57) 43 50 A TG I 7 1640 3% 37 3&
W E IR ERES min, B R ERFE 20 min, FUGIR
Ak N S i T 1640 i A %% BECH 80% 1Y
T24NC \T24shXPC PIZHANNE P, e e 4 h 54, e ik
ML R AR A AR B G AR, KE SR 48 h T, 4% T24NC,
T24shXPC 5 2H 20 4270 22 55 3% 1) 6 fLAR 15 5%
24 h, G AE B SR O SN BOER n SR TR A
T, A M 2 B2 920 umol/ L, TR A5 TR 28 ¥k B2 O I A
30 pmol/L\%ﬂiﬁZO pmol/L, A ¥R 2 h, F 4% EZ2
PSR 2 15 min, ffi ] PBS 5% 2 3, ] DAPT %t
6, k8% 3 min, SR N PBS, G 5 min, F)E
UM PBS, #5 5 min, {1 ] 10 L 70567 K50
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L R 2O B M LS GFP-LC3 5 REN I .
1.2.5  CCK-8 Al 24 1y % 440 Jfd 38 G % 5% 1) B
RHRCHE £ 1 ) T24NC | T24shXPC P 41 20 A DA 45 L
5 000 43R T 96 fLAR . HiR 25w 2 NRE I Nzl
AbF % 25 [ (DMSO) JIi4A 30 pmol/L 4 Fj kb B 77
A, W3 ANEAL4 b JEHE . FF2S AL B
FREL I AR, 10 pL CCK-8 +90 pL 35k, T
MREEA 37 C .COMREEN 5% WG FHFENIEF 1 ~2 h,
O3 EIEBE TN A e A, B KR 450 nm, AL
25N FE YT T24NC  T24shXPC 20 4 8 58 (1 5400
1.3 %itsF5%

BHRLL x £5 o, R SPSS 13,0 Geit 8 fk1 7
MSTAEA ¢ K5

2 HR

2.1 AR ey
Western blot #:0 [5% bt Ji T24 41 fiftd XPC 9+ 45K
R, BR TR, WA 1,

XPC(120x10°)—

1 2
Tublin(55x10° )H_

155 &R 2 3 B4 T24NC ;2 ¢ 95 & B % 28 T24shXPC
B 1 Western blot &7 E T T24 a5 E XPC fJFRIE

GFP-LC3

T24NC 4

T24shXPC 4

2.2 XPC Z &Gk, EIE T24 mhe g & /MR H
PR

Ao FE S s Ab B, T24shXPC 204 LC3 1T /9 3=
FEAR T T24NC 4 40 i (& 2), T24shXPC 41 41 fifd
GFP-LC3 5¢5: ] i BAE A M4 (1. 53 +0.81) % &
E/DT T24NC 4 ff(3.30 £0.70) % (P <0.05) , i)
W] XPC B 5 40 A 8 W/ MA IR BT 2 i (&1 3) 5
S R IR WL EE A B |, T24shXPC 4141 i LC3 T =
JEMGF T24NC 4140 i (& 2), T24shXPC 4 20 Jifd
GFP-LC3 %850 B B AE AN M4 (2. 19 £0.37) %
2/F T24NC ZH 4001 (3.20 £0.29)% (P <0.05) , i
HILEARYT 25 A R VR FH R, XPC 8K TS B M/ IMA )
T B Bk (1 3) L {H T24shXPC 4141 LC3 1T A=
JE T i Ak G v AL P ) T24shXPC ZH 40 (& 2)
RIS XPC B 2R J5 55 EdRE T24 20 F W

1 2 3 4
LC3 T (16x10°)—
LC3 1 (14x10°)—

1: &4 22 T24NC 282 &7 4 72 T24shXPC 413 &%
H R 4a 4 22 T2ANC 4854« o5 Al 48 4L 22 T24shXPC 41
2 S SUEHIFSHS B 40 IE T24NC  T24shXPC 7 40 40 i
2hFLCIWMRERBR

DAPIL Al EE

10 pm 10 pm 10 pm
— — —
10 pm 10 pm 10 pm
—t — —

B3 SEEAE T24NC T24shXPC H4AZMAE 2 h 5§ GFP-LC3 {3 B EME
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GFP-LC3

10 pm
—

T24NC 4

T24shXPC 41

10 pm 10 wm
— ==

DAPI

10 pm 10 pm
— —

il 1115

10 pm
—

4 SEMIRSALIE T24NC \ T24shXPC AL 2 h JF GFP-LC3 B3 S B EM 5=

2.3 XPC & &4k, BB T24 20 fo s IR 48 64 A R

DA )

R p-ATM (S1981) 15 1 Ay e 2% K 240 it %) 9 1= 1
i, At — 2048 5F XPC 84 DNA £ 45955 5 B W5 i AH
K FALE . FEMEE S T, T24shXPC 4140/ p-ATM
F2 35 = T T24NC 41 40, i 2 AE 3 T & A
Cleaved-PARP 3k {Ik F T24NC 4140 (1K 5) o {8
JGHEAALFEZ AL, T24shXPC. 2H 241 ffd AH G 20 A 76 71 (37. 46 +
2.35) % W] 5 5 T T24NC 2 [ (21.25 +0.40)% , P <
0.05], FIt AT 0L, XPC 85 (2K, b5 e s T24 240 i xof
GBI B e TR E T BT T Ao

p-ATM(350x10°)—

PARP(116x10°)—
Cleaved PARP(89x10°)—

GAPDH(37x10*)—

)
w
~

1:DMSO 472 T24NC 482 DMSO 4k 22 T24shXPC 413 : 7
A A28 T2ANC 4054 ) 44 4L 22 T24shXPC 48
5 Western blot # il 412 48 T24 4HfE p-ATM X
Cleaved-PARP gJ3&i%

3 iFig

WA 18 P B - B ek e 5 LR | W/ MA R TR
B, VAR AW /AR N A A B R . B

Bf ) A LC3 1A% =F BE I AN AR S e B Wl i = A1, ik
S AT DA HE WA T B LC3 T = i 1
T, A AT [ /AR R LC3 T A = B R A
LR AR, 5 BIAESE A R B T 55 5%, 1
LC3 I -EE# R R 22 57 L R A TR 35
T XA ] 5, LC3 T =B AR . FRATToR Al fl
W T 1 /AR (1 R g 3 e R LC3 T A AR BB 1 ok
AL R B A 5  . F ESR ) LC3 T AR
Z, F AR . AT 5B XPC 4§78 H Wi i A
F & XPC B J5, B BEsE T24 41 LC3 1T fF 5
GFP-LC3 (W56 IR AEFEEARRRAR, B A We/IMA I TE 1
Uk /L s Bt FF Ak T 24 4 I 4 Ak L 40 i, XPC B3k 2K s
I /IMA I T SRR SR 08 /0, HeHp T24shXPC 4 ifg 1
i A R )1 2 I S T 2 I S i
T24shXPC 4l L) H 0

R, JoIe 40 T S TR 7 T 32 K Xk g7 254
(AT 259k 5 1 I K DNA 53453 i Z5 AL 06 22 5
Y, ORI WUEYE R, 55 1E & i AH b, R 40
HELA LAl ) SN T B RS TR . BT
N, IR AR 3 W DNA 505 B & fEAE D Re b i AL
b, TS S50 R 240 LGS 0T AR TS 32 e X AR T7 25 0 1Y)
MR 240, R, W & DNA $54% 1725 93 5 BLAA dn e
HAEH AW AR ATM B B B iR b2
DNA 553 0 2 S i e e e . 28 5 Wk
P40 300 3 W TR Ak T Wi 43— A2 T T i B L e SR
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JEPE MR ) DNA B8 i, A SL56 H XPC 2 1§k
KJG,p-ATM FEiEBE N, $2/8 XPC 1] GE2 5 %} p-ATM
P, WEgEY % B, 1 HeLa 40 M, ATM AT D)5 5
MAPK14 i % mTOR jifi j% & Beclin/PI3K Il & 41442
PERL B S5 1Y A 1, Alexander 251 B 5T & B,
TETGPEE R HCR , ATM i 5 £k TSC2 fitbyg 41 i) 2%
Kl mTORCL F#if5 3 A WE & A B850k, FRATHERT,
XPC ARG p-ATM Z: 5 845 41 F 0

1 A7 25 ST RE 7S A R 20 i P A AR
Ak, BELIEG 8k R IR 9 — A BT R BIE S A
Galan-Acosta 25V BF5Y & B, 1 B O AR 1B/ 5 @
Al s AR A L, AT R R AR M A AE T TR,
PTEN $Jci75 500 [ W14 56 m] S 55071 M g 400 %o B
TG TR AR 25 o Zhang 25 RFSE R BH,
A 200 T S sk 1 X B AT 254, R v T AR
WS RO T o B WX B P RS IeE i A R Tt 24
HR A EZEAE A, R s 4 o) B s T g R
TR 251 Zhao 25" BIFFEIE SN R AA T 24 ) 5 98
A, T LAE 2 miR-181a 1 [ 5 A 1 390 4 G i 41
RO 25, AWEFEH, XPC 8% T390 )5, 45 S 155 b g
20 R I o P AU [ 40 R o M4 Y
TN, T B W B D R 200 X A 7 T 24
T K3 T EEAE . 1645 X B bk g B ARG T7
AR R T B RS AT R B v IR
LGRS 25 G (8, AT RE Rk VA T I e AR 1Y
— M B

SE

[1] Czarny P, Pawlowska E, Bialkowska-Warzecha J, et al. Au-
tophagy in DNA damage response[J]. Int J Mol Sci, 2015,
16(2) : 2641 -2662. DOI; 10.3390/ijms16022641

[2] Qiang L., Zhao B, Shah P, et al. Autophagy positively regu-
lates DNA damage recognition by nucleotide excision repair
[J]. Autophagy, 2016, 12(2): 357 —368. DOI. 10. 1080/
15548627.2015. 1110667

[3] Spivak G. Nucleotide excision repair in humans[J]. DNA
Repair ( Amst), 2015, 36: 13 — 18. DOI. 10. 1016/j.
dnarep. 2015. 09. 003

[4] Nemzow L, Lubin A, Zhang L, et al. XPC: Going where no
DNA damage sensor has gone before [ J]. DNA Repair
(Amst), 2015, 36. 19 —=27. DOI; 10. 1016/]. dnarep. 2015.
09. 004

[5] Maycotte P, Aryal S, Cummings C T, et al. Chloroquine sen-
sitizes breast cancer cells to chemotherapy independent of au-

tophagy[J]. Autophagy, 2014, 8(2): 200 —212. DOI; 10.

4161/auto. 8.2. 18554
[6] Klionsky D J, Abdalla F C, Abeliovich H, et al. Guidelines
for the use and interpretation of assays for monitoring autoph-
agy[ J]. Autophagy, 2012, 8 (4). 445 - 544. DOI. 10.
4161/ auto. 19496
[7] Mizushima N, Yoshimori T. How to interpret LC3 immunob-
lotting[ J ]. Autophagy, 2007, 3(6): 542 - 545. DOI; 10.
4161/ auto. 4600
[8] T, HE, R, 5. XPC H e i 15 e /i 40
DNA 5B BERILT ). 5 = H B R 4244, 2014, 36
(9): 856 —859.
[9] Lan Y Y, Londono D, Bouley R, et al. Dnase2a deficiency
uncovers lysosomal clearance of damaged nuclear DNA via au-
tophagy[J]. Cell Rep, 2014, 9(1): 180 - 192. DOI. 10.
1016/]. celrep. 2014. 08. 074
[10] Xu Y, Xu C, Price B D. Mechanistic links between ATM
and histone methylation codes during DNA repair[ J]. Prog
Mol Biol Transl Sei, 2012, 110: 263 - 288. DOI. 10.
1016/B978-0-12-387665-2. 00010-9

[11] Liang N, Jia L, Liu Y, et al. ATM pathway is essential for
ionizing radiation-induced autophagy [ J ]. Cell Signal,
2013, 25 (12) . 2530 - 2539. DOI. 10. 1016/j. cellsig.
2013.08.010

[12] Alexander A, Cai S L., Kim J, et al. ATM signals to TSC2
in the cytoplasm to regulate mTORC1 in response to ROS
[J]. Proc Natl Acad Sci U S A, 2010, 107(9): 4153 -
4158. DOI; 10. 1073/pnas. 0913860107

[13] Galan-Acosta L, Xia H, Yuan J, et al. Activation of chap-
erone-mediated autophagy as a potential anticancer therapy
[J]. Autophagy, 2015, 11(12) . 2370 - 2371. DOI; 10.
1080/15548627.2015. 1106666

[14] Ning L, Guo-Chun Z, Sheng-Li A, et al. Inhibition of auto-
phagy induced by PTEN loss promotes intrinsic breast cancer
resistance to trastuzumab therapy[ J]. Tumour Biol, 2016,
37(4): 5445 -5454. DOI. 10.1007/s13277-015-4392-0

[15] Zhang H Q, He B, Fang N, et al. Autophagy inhibition
sensitizes cisplatin cytotoxicity in human gastric cancer cell
line SGC7901[ J]. Asian Pac J Cancer Prev, 2013, 14(8) .
4685 —4688. DOI. 10.7314/APJCP.2013. 14. 8. 4685

[16] Fukuda T, Oda K, Wada-Hiraike O, et al. The anti-malari-
al chloroquine suppresses proliferation and overcomes cispla-
tin resistance of endometrial cancer cells via autophagy inhi-
bition[ J]. Gynecol Oncol, 2015, 137 (3). 538 - 545.
DOI: 10.1016/j. ygyno. 2015.03. 053

[17] Zhao J, Nie Y, Wang H, et al. miR-181a suppresses auto-
phagy and sensitizes gastric cancer cells to cisplatin[ J].
Gene, 2016, 576(2 Part 2) ; 828 —833. DOI. 10.1016/].
gene. 2015.11.013

(Yr#5:2016-03-02; f&[H :2016-03-11)
(i k%)



