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ABSTRACT This study investigated the effect of poly-ADP ribose polymerase inhibitor (PARPi) on X-ray repair
cross complementing 1 gene (XRCCI1) expression and radiotherapy sensitivity of esophageal squamous cell
carcinoma (ESCC). Tissue samples from patients with ESCC treated with irradiation using a linear accelerator were
collected to detect the expression of XRCC1 and PARP-1 with immunohistochemical staining, and the eftect of their
expression on radiotherapy efficacy was evaluated. A linear accelerator was used to irradiate ECA109 cells after
treatment with different concentrations of AZD2281 (a PARP inhibitor) to detect the radiotherapy sensitization ratio
(SER) of PARPi. An RT-PCR assay was used to assess the relative expression of XRCC1 mRNA in ECA109 cells
treated with irradiation and AZD2281 and to explore the effect of PARPi on the transcription of the XRCC1 gene in
ECA109 cells after irradiation. Our data indicated that the objective response rate (ORR) of XRCCI-positive
patients was lower than that of XRCC1-negative patients (38.1% vs. 88.9%, p=0.017), while the ORR of PARP-1-
positive patients was lower than that of PARP-1-negative patients (36.8% vs. 81.8%, p=0.026). The SER of the cells
treated with irradiation and AZD2281 at a concentration of 3 pumol/L was 1.744, implying that AZD2281 can
enhance the irradiation damage of ECA109 cells. The relative expression level of XRCC1 mRNA increased
significantly at 48 h after irradiation; however, when combined with PARPi, the radiation-induced up-regulation of
XRCC1 mRNA was inhibited. The results of this study showed that patients with ESCC with a high expression of
XRCC1 and PARP-1 display poor short-term radiotherapy efficacy and that irradiation can induce XRCC1 gene
transcription. AZD2281 effectively inhibited the radiation-induced up-regulation of XRCC1 expression and
increased the radiosensitivity of ECA109 cells. A possible mechanism is that PARPi inhibited DNA-PKcs and then
down-regulated XRCC1 expression. These results suggest that PARPi may increase the radiotherapy sensitivity of
patients with ESCC by inhibiting XRCC1 expression and reducing DNA damage repair.

KEYWORDS Esophageal squamous cell carcinoma, radiotherapy sensitivity, Poly(ADP-ribose)polymerase
inhibitor, X-ray cross complementing gene-1
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BB E & —Fh i ACEE R, A A
FETRAE A SR A 6 B A 4 21, B
ik IR 41 9 J& (Esophageal squamous cell carcinoma,
ESCC) 2 fix £ Z (AL AR A 3+ 3B i | BL
F W ESCC 2, F F B4 ok #5742 1) i e X
5 AT R R T (R BURHB T ) 2 IR YT T
B, — Lo ] TR B8 W] e TR 4 S R AT e B A
ARG B BURA T 5 {5 R i K _E 5 33570 8 2
PUBT AT, BT R IR YT 2l
RE S 2 Al 40 41 [y DNA BEAL 7 B W7 2 , 1 ik, DNA 457
193 » AT A% A% e 2 i 4 HE 5 1 A DNA #5303 )5, Jes 41
Pl — R A AR MRS 5 i@ 42 ] 12 2 DNA 447,
PR, 4160 20 i DNAA 453 47312 = € /1 2 #8 In ESCC K
ST BURE AR S U R YT T A B T 3

RO — W% B % %D % & i (Poly (ADP-
ribose)polymerase , PARP) 55 X 8 2k #5475 15 &2 3£ [A]-1
(X-ray cross complementing gene, XRCC1) j& DNA
1497 1% 52 A B % U B & 52 (Base excision repair,
BER) j& 1% 1) X< ## [ 7 . PARP-1 /& PARP 5 Ji% ' #it
F= 5 PRI ER Al , T RN 32 45 DNA HAF1E 0
¥ 155 ADP # 8 (PARD , %% XRCC1 % DNA $ii 13

B RN“SZEE”, 5 DNA &R 111, DNA R A B 41
W AW, @ 1T BER i /2 2 5 DNA B i 22
(Single-strand breakage , SSB) [ & &Z ™ . W 7L & B ,
PARP.XRCC1 5 Z Fft i3 1 90 J5 = B T8 o7 Bk
PECTARSE . B4R, 4] PARP /5 1) DNA #4518 5
AT CAZEHF DNA BERT 2L S0 4 A0 125 5 38 % A
P2 i R A A A S AR T 4K, PARPE U E N
— PR R 3G BT 5 U R T B T I AL
FiAeE e o e o e A S B R YR T - PARPI 3
T8 I H1 PAR, AT 5k 2D #H 55 XRCC1, {H 52 PARPi
XF XRCC1 ()R IE A TG00 M ANTE 2, G H 2 =i fg
SRR IRIEYT R ESCC 4l il P XRCC1 R IEZ 4L
& 15 52 B PARPi [ 52 e tH 2R LR 18 o A< BT 57 Aoz il
XRCC1.PARP-17E ESCC 4 {1 R 1A, W 2R 1A
1% Ol 5 ESCC & 35 18097 3 BA 97 R A8 5% 1% 5 78
ECA109 41 fft *h 36 ik PARPi (AZD2281) %§ ESCC 41
LRI T8O 34 BBOVE A I 9T PARPi 6 ESCC 48 g i
J7 JG XRCC1 FRAA B 152 , AT 538 PARPi #71f
ESCC A& & 5 S #45 HUBAILfI], AR _E 32 = ESCC
(RITBOTT 7 R R A S e B i o
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1.1 &8

[ F H £k ik 45 4 Varian Trilogy , W4 B L HL %2
] s e AL SEIG I — Pl H Affinity Biosciences
AF s AT XRCC1(AB2833462, Fi e 1 & 100). ¥
Pt N PARP-1(AB2839150,# & 1 : 75), o 2H 4k i
& B A6 5 A2 &My A |l N ECA109 40 f ) T
rh [ B2 B b0 R iR AR ITE R R R B
R A A TAY TR B E R A & s RPMI-
1640 55 7% £ 1t F Biosharp; MTT ¥ ¥ )  Solarbio
2\ 1]  PARP 41 7] (olaparib, AZD228 1) I [ selleck
/3] s RNA $2 R £(DP419) A1 Quant cDNA 25—
B G H T & (KR103) 0 B R R 2 7] DNA R & g
Taq Plus Master Mix II(Dye Plus), 1 B i ME %% A ]
Applied Biosystems PCR YW 5 ZEBR K (HF[ED A A o

1.2 II&KRAR

W £E 2019 4F 1 H 282020 4F 12 F 18] T Z8 Ml 7
N BB Bt e BHAT AR v M U5 VA 7 19 =3 R S AN T
I BR (7 ESCC &3 o g N\ b 1 = (1D 9% L2 B N
ESCC; (2) Fr A 5835 75 HUAF b5 AS BT AR 42 32 AT AR H70 i
FIRIT s ) IR IT A E>50 Gy (4) LU G T
AR SVRE s (SO NI PS 143 0~1 43 o T A & k47
BE ARG MU YR 9T, SR = 4E3&E TR T80T (3D-
CRD) B il #8807 AIMRD AR, X E S A F .
15 MV [1) X 5 28 %5 w0 R 5 U583 BE 4 100 em, 57
£ % 450 ¢Gy/min, 2 Gy/IX 5 1.8 Gy/ik , & & 5%,
KT 50~60 Gy BT B BT 45 W 1A 3 A7 i &1
CT KB EIER A, K SR IT 0P bs e 1.1
(Response evaluation criteria in solid tumours,
RECIST 1. D AT B & 1 BT 7 800l % HR bR
HE 7> N 58 A R (CRO i 43 2% fif (PR) 35 0 £ 8
(SD) Ay 55 3k & (PD) , CR Al PR &% i 5 LL 5l 5&
SXCREMA 2 (ORRD .

1.3 REHENSIE

W B R85 1) B BV A A A T8 G 92 2H AL A
XRCCI1PARP-1 [ 5R 1k , B A 7 b 42750 & Ui BH 45
HEAT o ARHI 200 A % €005 5 % B 4 2 2 B 0BT o L
BIFEAT 22 5V VR bRt N : DY s 1 43 < 0
I RTCE, 15 IR, 2 50 R SR 8,3 40 AR
2 s QO BH M 40 M L6 A5 VT 73« ALET o BE 40 R 5 BT

Jirh 988 40 B 1 LR A5 R 0~4% SN 0 43 5 5%~24% A 141,
25%~49% N 253 » 50%~T4% N 3 43 5 75%~100% K 4
55 o W SR FEVE 4 A LGB VE 23 A e dE AT 52 B AR 4, 0~4
a3 SR RIE KT 4 5 SUNBEMERIE Bk
Y1 R BUS A = i B A B AT L8R VP49, e i BT 3
N EAG5) .

14 {ApEIESE

N ECA109 ZHMIAE & F 10% I64- ML3E 1% 5 &
= VBEE R UPLH RPMI-1640 B2 953 b, 137 °C .
5% CO, 185 i 58 H 55 77 - 41 fil A= K 2 80% F & A
AR,

1.5 MTTSEE

ECA109 40}l 75 96 FLAR 1 K 22 50% = FE I 462
W, 1NN PARP #01411571 (AZD2281) , i H: 2834 £ 43 1)
A1 pmol/Ly 5 umol/L. 10 umol/L. 15 umol/L.
20 pumol/L .25 pumol/L .30 umol/L, B E 1 6 NE
FU, B E AL (U B 97 ) o AL (R &
AZD2281) , 4k 8215 3% 24 h(3 N L) F148 h(3ANFL)
B 23 Sl N MTT DA 00 448 Jf 35 B 155 o, W im0 T
MTT 1) 96 FLAR B -5 i A6 - 55 7% 4 h, £ B AR X
T 490 mm ¥ K Ab A & A FL IO % 4B (OD
1B o VL&A 25k 5 20 4t R L (D o

I B e =1-(Z5#9)2H OD (-7 1 41 OD 1#)/
W HEZHODE-TFH4LODMED (1)

HET 2> 51453 5 24 h. 48 h R IC50 18 , 16 L 1/8 1)
IC50 1 1) AZD2281 ¥ & M J5 452 411 P o % % e, S 36
Bt B PARPI WK &

L6  ‘ARSEFER AR SELE

A K ZE 80% £ FE i ECA109 4 il £ Y5 4k + 25 0>
WCER , 56 4 4 7 0 o R ) P A B, b 22 6 AL
AR o HEL R W ST 1) o AN (] 42 o A [) 5 1 A4 - 42
% 0 Gy-2 Gy-4 Gy 6 Gy & & 1L 5 51l £ F 250,
500.1 0001 500 M4HHE . BN R RIS 0 N 2 4 -
2l 8 20 VA 2] (BR IR+AZD228 D, BEA AP N
B AZD2281 158 A 15 77 4 2 mL(AZD2281 &R %
N R MTT 256 A s ) » 48 B2 N [R) S5 A4 A
SEARE IR, WA 3N AL RS EE A
H Varian Trilogy B2 1 #% , £ 6 MeV [ HL 15
28 [ 5 5 R PE R, AR R RE R AR LE 1.5 em B
P& B A ML 3% B AR, {8 453 SSD=100 cm, 7 & 2
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400 cGy/min, 4 7 LA 0 Gy.2 Gy-4 Gy.6 Gy [ .
OCHEST o A S AR 2 55 9%, 5 3 d I — IR, BRI
TG (55 75 W26 AF TR AT (R A A B R R om
AZD2281) AR R MEAIMIEAS , 24 A T %3
A 2 6 AT 4 e AT e 40 B e o 50 S B 2% 135 57
N 4% 2 B E 15 min, 45 2 ge i ge e, 30
M J5 A FH Image J A 1 545 40 ve B TR RO E . PR UHERE
55 28 1) 41 A7 7% % (Survival fraction, PL £ 7<) .
A2,

=3 T e R 0 B
) ®

FH U B =A% HE ST 200 A 1) e o 00 4 B P A

H I SPSS26.0 B 12 1 H oy 2 #EAR AR DL 45
fox i) 40 LA AF il 2R, oF 5P 2 BOAE R & (Mean
lethal dose, D,) , #% & 2 =0 (3) 11 5 U 38 &% e
(Sensitization enhancement ratio, SER, LA R_ & 78) .
SER & N i2s | FH [R] A 490 R0 Bif 57 40 1 5 ) 7]
KA LR & 2 b . 45 B BLSER KT 1 A BA i
J7 1Y M . ik % SER B K I RS R & 3 AT S 2
S5

R.=D 0/ Dyyisasn (3)

1.7 RT-PCRCLE

ECA109 2 Jf 33 7% 22 41 B WG B2 J5 530 4 20 KR
H B FRHE, 0 Gy) W Z Y4 (AZD2281,0 Gy) - 45 i
HEEFRIE 4 Gy R ERE D VB A 4H (AZD2281 Bk
4 Gy HLIKERIRD , BH R E 3N, SRS .
TR 4 4k 4 1 57 48 h e, WO g i T vk Y
fift, F| Fl RNAsimple & RNA $EBUR I & L HRNA,
I OD,, 18 , 15 BT 13 RNA ¥ J5 15 77 5L RNA
FoAR ) £ LR G B 10 5 SR A R FH Quant cDNA
B — 4 A R ) &0 ) A B cDNA L R 2xTaq

Plus Master Mix IHA &4 XRCC1 K, T
S K 2 5] 35 B A T A TRE C Rl B4
AR A ¥t &, HA% 7 518 Forward sequence::
5'-GATGAGAACACGGACAGTGAGGAAC-3'";
Reserve sequence: 5
-AGAAGTGCTTGCCCTGGAAGAAATC-3'

SN 46 94 °C 5 min, SR 5 4% DL R EAT
PAEIR : 94 °C 45 5,56 °C 30 5,72 °C 30 s, i 30
VU, 1) 72 °CHEAH 10 mino. B PCR 746 puL 52 uL
R M BOR A G ERET 2% BEIR B B, A
GAPDH {E NN 2,100 mV HELIK, I Z 58 Ge iy, ff
LANEAG A, 83T image T4 HT B B
[Kl 5 GAPHD Ha yik i (1) ) 2K B, 45 B DL H 3L ]
Ukt 5 GAPDH ¥kl T34 K FE I HUAE 20

1.8 SitrFEsE

FI| H SPSS 26.0 B AFHEAT Ge it 24 50 B, SE R
B EECR H R AL, BT FEAR & /N T S IR
F Fisher #f V) K 1%, DL p<0.05 N A Geit 2%

2 #R

21 REBEUIEER

AHIEFLI % 30 B i, Forr, 24 491 3% XRCC
et JF 1k 2 0 EU A7) B 50%, 21 451 R 3 1) R T
KT 455, HIW R FEPER L, B2 A 70%(21/30)
XRCC1 £ HFRIE TR A%, B FrPER
AR A SR (0 (- 1) 5 22 1 2234 11 PARP-1
Gty 57 1 20 g L 451 R 3 50% , b, 19 451 B X
KT 45, FIW B Rk, B % 63.3% (19/
300 . PARP-1 5 [ & 7 7EAH M A% , BH 1 3Rk 3B A7 7 2
e T S AR (B 2) 6

1 XRCCI £ ESCC H ) #iL (SPi%, x200):
()XRCC1 B, 4 G AR A7 40 SR AN AR A% , 52 D48 B KL ; () XRCCT BT
Fig.1 Expression of XRCC1 in ESCC (SP method, x200):
(a) XRCCI1 positive, with cytoplasm and nuclei, yellowish-brown particles; (b) XRCC1 negative expression
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S N
G AR < R

2 PARP-17E ESCC H 1314 (SP %, x200) : (a) PARP-1 BHE , 5 €1 Jy 4 o S N A0 A , 52 204 € I (b)PARP-1 B
Fig.2 Expression of PARP-1 in ESCC (SP method, x200):
(a) PARP-1 positive, with cytoplasm and nuclei, yellow-brown granules; (b) PARP-1 negative expression

2.2  XRCC1.PARP-1 RiX1F R X ESCC BE N
iglin-Rg s -0

30 %1 ESCC &35, J6 CR I 51 (0/30) , 16 51
PR(53.3%) , 12 %514 SD(40%) , 2 51 4 PD(6.7%) » &
ff) ORR N 53.3%. XRCC1 BH P 15 B4 1) ORR Ky
38.1%(8/21) , B FHAK T XRCC1 B 14 1) £ & 88.9%
(8/9) (p=0.017) ; PARP-1 PH 1 3% ik & % 11 ORR N
36.8%(7/19) , i K T XRCC1 B 14 1) & 3 81.8%
(9/11) (p=0.026) - 5 F#2 7~ XRCC1.PARP-1 ik
L5 ESCC &35 JHUT J7 2 571 AH 9% , XRCC1. PARP-1
R R IE B BT T T R0 2

23  MTTEZEEER

I MTT 3 46 31 ECA109 28 il 22 AN [5) 9 FiE
AZD22811EF 24 h.48 h Ja A KRG UL, T 5424
VIR FE N A 4] 26, 445 31 24 h.48 h ) IC501H ,
i3 Graph Pad #5442 il il 28 < (11 3) o i 4 14
7N, AZD2281 %T ECA109 40 i A= KA kI /E FH , HL
P 28502 B o 2R B S Inif b, AZD2281 1
24 h 5 48 h 1) 40 i A A7 il 22 AH AL, 24 h (1) 1C50=
26.15 pmol/L, 48 h f] IC50=22.497 umol/L.24 h 5
48 h 1) IC50 ) 1/8 & 4> 7 N 3.27 umol/L 5
2.81 pmol/L , i B H [H] 4 4 3 pmol/L 1y J5 22 52 5

AZD2281 )T T i , i HL 48 h AT Tl [a] .

1001

e 80
>
= 60
Q0
©
Z 40
[0
o

20

—=— 48 h
I 1 I |
0 0.5 1.0 1.5 2.0

19(Czp008 / (Mmol-L™))

B3 A AZD2281 1 24 h.48 h f§ ECA109
1M A7 0 2 i 2k

Fig.3 Curves of viability of ECA109 cell treated with

different concentrations of AZD2281 for 24 h and 48 h

24 wERARSLIEER

ECA109 20 il 35 5% 28 75% = 5 A A5 I 3R AT AR
o B T S 56, Bk A AL AN AR AR B R R
AZD2281 , Af H AU FE TR MTT S50 6 52 B FE
(3 pumol/L) , 5 KE 2H 41 i i N &5 8 1R 55 7 25 . 4 4
B2 43 9852 0 Gy 2 Gy 4 Gy~ 6 Gy 7| & 58 If .
1T image J G S HAER T BB (3R 1), & 1]
B 77 7 545 21 % 2H (1 DO {E 1 SER, &5 2R L%
2. {#i Fl Graph Pad % {1 2 fill 4 Mo A7 35 i 28, Wi | 4
HiR e

®1 FHERTLEH

Table 1 Number of colonies formed in each group

&/ Gy R JBUTT AR TR TV B K T AR VR T B

Dose Number of cells inoculated Number of colony formation in Number of colony formation in
radiotherapy group combined treatment group

0 250 225 218

2 500 196 162

4 1000 231 139

6 1500 189 77
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Table 2 Parameters obtained by fitting a single-hit multi-target model

#H51 Group k n D, D, SER
J#T 2 Radiation group 0.246 0.610 4.065 -2.009 1.744
4 2H Combined treatment group 0.429 0.845 2.331 -0.393

1
Radiation group
0.1F ;
Combined treatment group
[T
7]
0.01f

] 1 1
0.0010 2 2 5

Dose / Gy
4 APRAETE IR

Fig.4 Cell survival curves

S 45 R IR, 48 R4 £=0.246 . n=0.610, Bt &
H k=0.429.1n=0.825, 1 17 7T 45 H 48 HE 41 D,=4.065 .

Bt & 4 D=2.331. 5 2l #5 18 A Lb , AZD2281 ]
SER=1.744, $£ 7~ AZD2281 %} ECA109 41 i1 B 4 ik
S EE

2.5 RIT-PCRSLIEHZER

2 2 R R A Bk A L A P A A s
U 5 4k 42 1% 5% 48 h, RT-PCR & Il XRCC1mRNA %
ik, 45 BB R, HE B 4L XRCCImRNA M ik & F
Th s 259 2H 40 () XRCC1mRNA A X 8 BAR T %
FRH | B 440 M 1Y XRCCImRNA A% 2k & 1 B
T AR IR 25 BN, JR S T2k XRCC1 1 2 [
B3k, 1 AZD2281 W] R H R A E S 1
XRCCImRNA #35% FI(E 3 K5,

£3 FHAMME XRCCImRNA MK RIEER
Table3 XRCCImRNA relative expression in ECA109 cells of each group

1 Xof HEL A Zima IR HRA

Group Contl group PARPi treated  Radiation group Combined treatment
group group

XRCCImRNA Kk 1.218 0.941 1.682 0.648

Expression level of XRCC1 mRNA

XRCCImRNA X ik & 1 0.772 1.381 0.532

Relative expression level of XRCC1 mRNA

XRCC1 mRNA

DNA
marker

Control PARPi Radiation Combined

DNA " control

PARPi Radiation Combined
marker

5 RT-PCR 7} #T XRCCImRNA ik i
Fig.5 RT-PCR analysis of XRCC1 mRNA expression

3 g
XRCC1 &2 — MM F 3 %2 H I B
R IB S, RS S 80K DNA i34 5

B B S S AR 1 A AT
PE, T = AE N H A S I S R B R .
XRCC1 4% 1F B 5 PARP" | DNA 3% 4% B 111" F1
DNA K& M B M EEHERE GRS 5
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DNA 3 f1& = . 28 = 318 XRCC1 179 4 i B 2%
GBS AT 51 I DNA $514% 5 806 UG 9T K
A7 HiAE A IS R I XRCC 5 22 35 1 Sk 351 35 i
R4 Mg 5 U R T G A A R B =, 5 /& Wang
R TE XRCC FRIAK I 15 i 55 DFS BB 40 T
TRk B L B, XRCC 2R3k 5 U VA T U
PRI O 2 A7 4 UL AR FE 45 R 7R, ESCC 4 405
A XRCC1 P 1 R 3K % N 70%, XRCC1 BH MK ik
R TT I ORR 2 KT XRCC1 PR, #oR
XRCC1 FIE A fg 5 BESCC &35 58 IR 1 i 7 2 2
Vi P

PARP 7E 1963 5 M XS JH 41 A 1% H $2 B 4lifh
Al {E 5 DNA $ii {5 J% B 4% 2 5 % 5 DNA 12 5 i%&
20T, Hod i Y E BER 245 . PARP F i34 17
ANEAY, PARP-1 /2 7 & 5 S L) 12 A, H
DNA 45 & 45 Fy 38 (DBD) - /0> [ A& 11 45 My 3 RN R
AR i (A3 3 A 32 B A S ZH 7 2 DNA L
Wr %4 (SSB) T , PARP-1 i i DBD iR ) H5i 4% &6 4r , 5
DNA #5473 5 057 45 & B B0 - 75 A6 1¥) PARP-1 4L
SO TG iz IR s — A% HF R (NADH) 77 25 ADP 1B, 55
HEE LAY ADP %M (PAR) . PAR JIi 25 DNA
B, Af LA 5T RA U, 8 T PAR 554E XRCC1 % SSB
W % 4k 5 DNA % & i B [ DNA % 4 i 11 AH 45
KPR E A YIS 5 DNABE A RER,
PARP ] /5 % 15 1] B 5 2 T S 4 e 1 Tl J5 A R AH
KT AR SIS 48 ADoK, PARP-1 5 KA 5 ESCC
B R T AR AR O

PARPi 7E BRCA1/2 & [K] 5k [ 41 i o 3 & LA
“CORLEUE” R R, Fong 5P i I R X 56 4IE
1], PARPi (olaparib) £ BRCA 1/2 3 K] 5845 [ il Jgg
SRA LAY B4 17 3%, HLEIEF %/ o BT PARP
7t DNA $i 4 1% 52 1 7% A 1 25 224 A , PARPi X% %
ISR TSUS Y 9 1 A R e A I 9 A L B R
FLEh Y40 il DNA #5145 o SSB Et DSB B 3 L7, i
X SSB A UE A A HAE 5T, 1T DSBS U iR
IT T A B AE T ) 3 2R (K] . PARPI @ i 2E 18 BER
18 DNA 551l X 355, K R A 1 — 5 0 AR B A 1
(1) SSB %% #i A S i 4 (1) DSB , M 11 184 i 268 R 10 Al ek
PE o AT 9 38 i 5 PSP A S50 R IR 21 5 B Al
FE 2 B 0T 1 5 LL SER=1.744, PARPi W] & 1458 1
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