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[ Abstract ] Background and objective The DNA damage of the irradiated tumor cells is mainly single strand breaks
(SSBs) and double strand breaks (DSBs), in which the frequency of occurrence of SSBs is dozens of times than DSBs. However,
most of the SSBs could be repaired by the Poly (ADP-Ribose) Polymerase (PARP) and other related factors. Recently listed
drug-Olaparib (PARP1/PARP2/PARP3 inhibitor) could target the repair pathways of single strand breaks, and recent clinical
trials of PARP inhibitors combined with chemotherapy obtained encouraging results. The aim of this study is to investigate the
effect and potential mechanism of radiosensitization of Poly (ADP-Ribose) polymerase inhibitor-Olaparib on lewis cells and
xenografts. Methods The inhibition concentration 10% inhibitory concentration (IC,,) of Olaparib to Lewis cells was detected
by methyl thiazolyltetrazolium (MTT) assay. The radiosensitization effect of Olaparib on Lewis cells was determined by clas-
sical colony forming assay. Lewis xenografts models were established, and the mice were randomly divided into four groups:
Control group, Olaparib group, Radiotherapy group (RT, 2 GyxS d), Olaparib combined with RT group. Xenograft volume was
measured during the treatment. Flow cytometry was used to analyze the apoptosis rate of the Lewis cells in each group, and
the apoptosis of xenograft tissues was observed by TUNEL stain. The ralative protein levels of YH2AX (associated with DNA
strand breaks repair), Bax/Bcl-2, Caspase-3 (apoptosis-associated protein) were detected by Western blot in vitro and in vivo.
Results The IC,, value of Olaparib was 4.4 ymol/L. The radio-sensitivity enhancement ratio (SER) of Olaparib combined with
RT was 1.211 in vitro. Compared with RT (2 Gyx$ d) alone, the combination of Olaparib with fractionated radiotherapy sig-
nificantly increased the growth delay of Lewis xenografts (P<0.001). Flow cytometry and TUNEL analysis indicated that the

apoptosis rate in the combination group was significantly higher than in RT group in vitro and in vivo (P<0.05). Futhermore,
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Western blot results confirmed that in the combination group the expression levels of YH2AX, Bax, Caspase-3 were increased,

while that of Bcl-2 was decreased as opposed to RT group (P<0.05). Conclusion The combination of Olaprib and fractionated

radiotherapy can markedly improve the radiobiological effects on lewis cells and xenografts, which may be induced by promot-

ing the formation of DNA double strand break and upregulating the expression of Bax/Bcl-2 pro-apoptotic proteins.

[ Keywords ] Poly (ADP -Ribose) polymerase inhibitors; Radiosensitization; Repair of radiation damage; Apoptosis
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DNA i $22 il LA K oAb 45 4512
MR TS 5T RSB R, MDSBsH B
SMERMEAR Z , TG FJEE 4 (homologous
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F I EFER (specific pathogen free, SPF ) ZXIf5%,
W FAL st BB A R, SER s VF AT IS 5
SCXK(51)2014-0004 SEHARAGE s AP NI 2% 51 2
ek, s A BVERMIE 95 . CQLA-2013-0734.
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Biosciences/\ A , Olaparib—AZD228Url’Z]:J:SeHeck Chemicals
vH], BCABEHWKEME . Beyo ECL Plus /& G54

T R E R KREYH AL, Anti-Phospho-Histone
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1.3 MTTH2 M Olaparib IC, #J¥ Lewis4Hiii1A8.0x10%1>/4L
HeRToefLii, ANMINGEE, 2L A Olaparib [ ¥ 6
(pmol/L) : 0. 3.125. 625, 125, 25, S0 , KWKJ¥3
ML, 155748 W AL MA20 uL MTT, ##64 hv b
W, MAL1S0 uL—HI IR, #EEIRES min, BEHRLI
BALWOEEE (density, D) {H (570 nm¥EHAL ) o TG R=
(SEH & ALDME /23 FI4IDME ) x100%, i3 BLISSIATT
ﬁio%ﬁﬂﬂiﬂ‘%ﬁ&* (10% inhibitory concentration, IC10 ) 550%
Pl R (50% inhibitory concentration, ICSO) {H. ICmﬁfﬂi]
Jask Olaparibﬁgﬁ MHZHRE .

14 TSI AR SCR A WAT (radiotherapy, RT )

24 5jOlaparib+RTZH, PHZHIRS{50 Gy, 0.5 Gy. 1 Gy.

2Gy. 4Gy. 6Gylitf. Yl HSynergy ELZ N #R6 MV
X2k (FIEE: 1 Gy/min) 0B, 578710 cmx15
cm, JEMEE=100 cm, HRIAL—1.5 em/E5ERCH P

WO WA, AR AN [ BE S 70) 12 1009>-10,0001 4
/AL (K1) HeFbTeflii, TRAnfiaefs, FH2y2H IRGY
HiT2 hfil A Olaparib /& 4 7 AH W 71 i s BRG . 3Z BEARMIRE FR 10
dfi, ZME. Jefa, TR, SRADGHEITHECE & A
EIEHH (250 ANl —5v% ) o HERRE=0 GysiF-
YIEIEE/100, FEI553 81 (survival fraction, SE ) =1Z 5 &
KPR E GZ R P A B CR ), ezl
$fﬁ§$ﬁ*§ﬂSF=l—[l—exp(-D/Do)]NTU\%FFH?)%, e RS S|
HICHAED (8, BOTHEEL (sensitivity enhancement ratio,
SER) =D, (RT41) /D, ( Olaparib+RT# ) .

1.5 Ji UMM AR DA S MR T S0 S s 0 IR

Olaparib, RT (2 Gy) . Olaparib+RT (2 Gy) 41, 4HfILA

00000
www.lungca.org



18- o [ R 2 5201646 1 T 45 199 45 1

Chin J Lung Cancer, January 2016, Vol.19, No.1
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8 (0.9%Nacl, d1-dS) . OlaparibZi ( Olaparib, d1-d5) .
RTA (B ESY, 2 Gy/d, d1-dS) . Olaparib+RT#]
( Olaparib, di1-dS; BAHRINESS, 2 Gy/d, d1-dS) . %
B2 b - RUAIN AR I S B AR T Foe KARA S e/ MEB, T
PelEfv=n/6x[ (A+B) /21>, Ll ER Lk, B
TR BMEVIAFL (1,000 mm?®) JEALFE/INR, HARAS AL
/NEFHER K A5 (1,000 mm® ) IFRTRG KA
1.7 Western blotfiillyH2AX . Bax/Bcl-2., Caspase-37K [17¢
ik WEEHANME (2 Gyl A, ZME2h) | A
4 (NRUBOTSS R, Bide ) , RIPAZLR I 24 4N it
(4B, HBHMECWE . 8%SDS-PAGES; B i
160 pg, 250 mATH I UL I B AHIREFHEUEEE, A2
h, BT PR, 4°CFLR, KE TSHM
i F ALY R G P, IE2 hm RHECL Plus’k
HkA R . LIGAPDHANZ:, K HlImage Labf {443
Mokl IBEAE, DL H M F1 /GAPDH HU(E 2 28 i U 2R
FURXS A K-

1.8 TUNELZAAGINEE B At ML T R R T 4 A SR
I B MEbRic: (TUNELEE ) , TATEER AZOEERICIK
Fe 19BN A, BLALTUNELR N (SRR D B
UWBIET) o BRGSO, WAl
PRI, TEx4005 (5 ALY (high power, HP ) G B R
TREHLERS MR, TR TR (AS/HP) o

1.9 GiilE )5 i HIBM SPSS 19.048 4k Et A Tt 4
Bro B LAMeantSDFRIR,  PIZHEUHR ] LA M I e 6
PIZLLL R AL B N )5 220 (ANOVA) o LI
P<0.05 HZEFA G 73 X

2 #R

2.1 OlaparibX} Lewis i fg HAFE I Hil /E 1 MT TR I 45 5

1.000
RT
Olaparib+RT
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1E-3
1E-4
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Dose/Gy

B e HERLSMREFEEHE
Fig 1 Cell survival curves plotted by the “single-hit multi-target

model” . RT: Radiotherapy.

7N, LewisdUAEW EFREE (umol/L) K: 0. 3.125,
6.25. 12.5, 25, 50AYOlaparibfEH T A715 B 43 Fb K
WM 100%., 97.33% . 84.36% . 59.67% . 39.16% .
24.56%, HHAFHIC, SFIC [HHI4: 4.4 ymol/L. 19.6
umol/L. A WLEEOlaparibif FE¥E 5y, Al IEAFTE KA,
Rl Olaparib{A S5t Lewis 4l HL A7 7557 S w1, dE PR AIRE7
FIEIC, (A h Olaparib AN H 253 E .

2.2 HMLEREIE B O SRR SRR Y, RTAH S
Olaparib+RTZHAfI7E0 Gy, 0.5 Gy. 1 Gy. 2 Gy. 4 Gy.
6 Gy &l SAEIG 8 (K1) o ZH A HASE=1-
[1-exp(-D/D ) MG HIZk (K1) 15 HHUNE Y 46 bR
D fH ( Gy) 7ERTZ1YOlaparib+RT41 43514 : 0.797 .
0.658. OlapariblB & T SER H1.211 (0.797/0.658 ) -
2.3 AN[EALPRZH A MR SN T2 25 S5 Al M4 322 Gy R
SIG24 b, A7 U A ARSI 40 TR (El2)
Olaparib+RT#l ., Olaparib4]l. RT4]. %5 141" Lewis4f
MO TR R (24.77#2.0) %, (3.89+1.1) %,
(16.22+2.4) %, (0.53+0.1) %, AJ Ul Olaparib+RT414f]
Mg TR 2 T AR = (19P<0.05) o

2.4 AFACFRARFFE AR A R T 2R BET (x
400 ) Olaparib+RT# ., Olaparib4l. RT4 . %5 (141554
JRALUP TUNEL YL 0 fHYE (AT ) 40 M6 A% 20 i i A%
wifh ([E3) , PR TanEE (AS/HP) KK
(124£1.1) . (44£11) . (8.0+1.2) . (22+08) .
Gttt Olaparib+RT§E?[ﬂH@U§J TREERTFEA A
(#1P<0.05)
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Tab 1 Cell survival fraction at each dose point

« 19 .

Dose Numbers Average number of colony SF
(Gy) (cells) RT Olaparib+RT RT Olaparib+RT
0 100 74.333 67.666 1.000 1.000
0.5 120 72.333 64.000 0.810 0.788
1 200 73.000 58.333 0.491 0.431
2 600 69.666 49.666 0.156 0.122
4 2,000 125.000 35.666 0.084 0.026
6 10,000 66.333 21.000 0.008 0.003
SF=Average number of colony/(number of cells inoculated X efficiency of inoculation). SF: survival fraction.

Control Olaparib

o
RT (2 Gy) Olaparib+RT (2 Gy)
Annexin V FITC-A
B 2 LewisHiMFRSNATRE R, MXAMEARN ZAHMEATE, AIROlaparib+RTAMMKIINATEEZE S FHR=AH (39P<0.05) .

Fig 2 Differential cell apoptotic rate in vitro. Cell apoptotic rate was measured by flow cytometry analysis. The apoptotic cells in Olaparib+RT

group were significantly higher than the other three groups in vitro (all P<0.05).

2.5 DNASI RIAT-HISRE A RIBZE R LewisHli IfEH52
2 Gyt fE2 WS REAEIR RRS (2 GyxSd) J515K, Western
blot#: 45 Zb FEZHyH2AX ( DNARUEEWT AR ) , i
JHT-HFBax. Caspase-3, VLT ZEFIBc2Kik. 450
7K, Olaparib+RT4] 5RTZHAHI, yH2AX. Bax. Caspase-3
EERIN SR 4] 1 1H60.5% . 40.0% . 42.0%, 7EH%
R Fi71.4% . 37.7% . 31.3%; Bel2fRSMSL
N45.2%, AT T IH61.0% (K4) .

2.6 Bt R K2 b a4 FAH /N U 25 Sy 7 i /8
HRE R ERASIER, KB SRR, K45
IR ARBOE K 2250 mm? A2 47, FFURFHOCEER . A48
TR IS K R P 47 S B S-2 AE AR b R bt . 10
Gy Il 5t BT 235 o ] sk 3] B A 15t A i R A 8 UAH G
AR (EISA) o fEOlaparib+RT4] . Olaparib4] . RT
A AP 245 R IR (1,000 mm®) T
B (d) AKCh: (29.6£3.8) . (11.6%2.6) . (21.2
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Control Olaparib
RT (2 Gy) Olaparib+RT (2 Gy)
3 Lewis#HBEA AT EER, TUNELF @A -SHMMATIER (X400) . Olaparib+RTAAMFENATERES FER=4 (19P<0.05) .

Fig 3 Differential cell apoptotic rate in vivo. Cell apoptotic rate in xenograft tissues was observed by TUNEL stain (X400). The apoptotic cells in
Olaparib+RT group were significantly higher than the other three groups in vivo (all P<0.05).

A Control Olaparib RT Olaparib+RT
YH2AX 16 kDa F < N
RT *
< 0.8 Olagarib+RT
Bax 21kDa 3
§ 0.6
Caspase-3 35kDa o *x
S 04
Bcl-2 26 kD 2
a2 02
(o'
GAPDH 37 KDa 00
yH2AX Bax Caspase-3  Bcl-2
B Control Olaparib RT Olaparib+RT
1.0 Control
yH2AX 16 kDa gi:;;?ib )
E 0.8 Olaparib+RT .
Bax 21 kDa KT
f=
] 0.6
Caspase-3 35kDa 2
S 04 -
2
Bcl-2 26 kDa S 02
[~
GAPDH 37 kDa 0.0

y H2AX Bax Caspase-3  Bcl-2

B 4 LewisHiMi{kASPDNAIRGRATHXEZERRIE. A LewisA{RsMNBET (2 Gy) J5:B: LewisTBEBRBET 4R (2 Gyx5 d) &, Western blot#a i
YH2AX. Bax. Caspase-3. Bcl-2ZER K%, *P<0.05, **P<0.014H% FRTA.

Fig 4 DNA damage and apoptosis related protein expression of Lewis cells in vitro and in vivo. The ralative protein levels of yH2AX, Bax/Bcl-2,
Caspase-3 were measured by Western blot. A: After Lewis cells were irradiated in vitro (2 Gy); B: After Lewis xenografts were irradiated (2 GyX5d ).

*P<0.05, **P<0.01 vs RT group.
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1,200 Olaparib
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Olaparib+RT
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>
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£
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B 5 W RSB EBEREENE. Al LewisTBEMERA (2 Gyx5 d) FRIBUESAFHEEREN A2 /R CRIER) A3 FE/MR (BRpO

i) ;BB EBIB K EAMEMER (1,000 mm?) EKEE#HZ,

Fig 5 Tumor-bearing mice and Lewis xenografts growth delay curves. Al: Xenografts were isolated for detecting at the next day after irradiated (2

Gy X5 d); A2: Tumor-bearing mice without xenograft rupture; A3: Tumor-bearing mice with xenograft rupture; B: Delay curves of Lewis xenografts

increasing to quadruple size from the start.

+23) . (10.8+1.1) (&SB) . AU, Olaparib+RT#
AR K BME0R BT G KA 2w T HR =41 (1
P<0.05) -

3 e

HR A 28 LIy« PR Z2 B AR, F o AR T S0 A
LN 7 A K SSBs, [AAERY, 1EH T DNAL2= 451
F14) 240 A0 B 25 245 40 Al T A e 200 i 7= A= 38 2 SSBs . 2 BT
SSBsfigif il PARPAFAH G FE K, MPARPIF 4 [y 411
WilJe, KEAMEPERSSBsAATE T AN, Sk AT —4
IR, SSBsH #4745 NDSBs!, &4 DSB, Wi it
WOE HRENHEJ {5538 FER 2B, 451238 8% v (19 G5 4y

+F (WIBRCAL/2. ATM% ) KA TNRESEAE, RIS AH
JEHEFTE B A BB RN, 3K 2 Olaparib M HoA PARP
PR NG R 58 B2 8B Ak 7 IR TT fE A BRCAL/2
SR 1 A e P A

T2 e 210 M52 W B R ST I 7 A 1Y) T A R
Z—, TERRIAA - F AT s AR, AMTE AR AR T Bk
DNAS™H Z 4t (WIDSB) | AR N6 = 5500, s
B ZK AR I T B 5t (UnBax%E) FHH TR 01 (UBcl-2
S5 ) RS LR A RSEIE O T, R T I M T A A A L
i, G Caspase K I, 175 AN T2, SIER 440
SHAAH L, DNA7 16 5 38 P& 7 b8 4t i mh ool B R0
I HAEMLAR S Z ARy iE, XA 3 R s R A 08
ARSI B AEMESE Olaparib B A T I, J& 75 AT 38 i 384
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Lewis 4 fIDNAZ 5 K i 1 T & B A0 PG a5vE H -

ARSI T SEAER SN A 7K - 5 Olaparib Bk & 0T
B BBV o 32 FIMT TH AR KM Olaparib X Lewis 41 i
AN FEAIRIAE S, AT DR 25 i s, il R BT,
EI]OlaparibifﬁXﬂ’LewiséﬁﬂH@ﬁﬁﬁﬂﬂ@%ﬂzﬁﬁ, T FRAIK
BEFIRLIC, (B A ARSI A BT I A 25 vk J3E . i 3l ik
SR R R SRR LS g, AR T RAlT S
OlaparibE}é%ﬁiﬁELewisﬂHH@):'z—:ﬁE@ﬁi%&ﬁ@%ﬁ , 15
H Olaparib®k & T 41D (HARTLIE /N T21.1%, SERN
1.211, UESE T Olaparib{R A T G BN . itk —2
PRICFLATREAL, A IUAS ) b L 5 52 FR A AU DSBs A ¢
RBUEE bR, BIS DSBsiAATE RS NG R I BEIR L 2H 2 11
H2AX (yH2AX) , HHA A E R I DNAXUEE W54 (4“4
FRUE” . 88 B ARG A, yH2AXTESS
ZOlaparib4] 1 AR A, MFERT 5 Olaparib+RTZ 15 3%
ik, HECEAyH2AXK A fARTAH I M Z60%. AT I,
1RSI Lewis i it 26K 571 H Olaparib e A B0y st BRIV v (g 5 44
JNDSBsIE A .

S 308 3 A A AR I A 7] Ak 32 44 P 1)
JAT- 213, Olaparibi A5ty 41 AL BT 4L A L g T
R ER R . B9, Bax 5Bl 28 [ ATTE LS R
TRRIIHIPA T, Bax(B] AT DR R AR HE R T,
Bl Bax/Bcl-23&48 H Bax it FE A T M Bl-24 i M =, Ik
— 2530 1 4 Bl (2, 25 C M Caspase- 955 K F-#47E T ifif Caspase-3
EE, RAHETFAMPE T AP X SR TS E A
Kol &3, Lewisdll i fE#:522 Gy T/, Olaparibi A
JCFY AR 08 T 85 F Bax J2 Caspase-3 4% HL4l iy 7 & 4 i,
BT HB-2 8.3 F . WesierskaZ:17fJF 57 PARP-141])
il AZD2261 & B, Ho] 2 40 il FL A8 MCE-7 -5 Skbr-3
i e RETE B, #ﬁﬁCaspase-?a% AT 175 A i
T2 FEARSZEGH, Olaparib #2524 X} Lewis 21 g 5 T 52 1
BN (293.89% ) , %85 A2 EEALARARDE (1C [k
JE) o TuliZEUSHF5E PARPL/ 241 il 57 ABT-888 K 4 il I 7 fike
JifJeE MiaPaCa-2 41 L i & BX, ABT-888%124 ( 10 umol/L )
X MiaPaCa-2 4t Jfd i T AH 5C 2 [ Caspase Rk 52 M /)y, Tl
MG T T R SR A TR O R . X AR
50—

TF LewisZl il F4 AR IR B AU S50 opr Olaparibﬁéﬁ?{ﬁ\%
S dBZS PN B2 A 5 | e B A A g A S 2, 1 4
BT (2GyxSd) J5, WEBIRAHIR B & 1R K AEZR AL
N, SRS, HIK 2R R R
10 do [FHARSMIFZERAL, SEERAI 1 32 UG IS #S 4

AL T4 . DNASU K A T ARG L R 1
BL, AR T SIRSMIEE — B AR, BVIA A R A
ITHBARALUP T A E 2L, DSBsAHCYH2AX, i
AT FBax'j Caspase-33IK B &y, HLAT-H B2k Ik
T, #E—2EIE T RN S Olaparib B A ST A A3 BRAL
IS

ZE ik, A ST 1 Lewis T 4H i K B il Jg A5
ARUUESL T Olaparib 1 07 W4 Rk ., AT 30 20 14 fin =7 BR
LewisZfi i 9DSBsJE A, i Bax/Bel-2f2 I T-IK R 1R
IR 7o RS AR W00 o I PARPHIRI A 2L B A iy vy
AR T SRR L Ayl PRI iy 7 S A — S i
DR AT SO, (A E— P BN B R AT

2 % X M
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