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B g EdERE, FR S (hepatocellular carcinoma, HCC)E 7 RE - KBUREME, BERE
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R R Hf K 2 TLHE R BRI IBAHE ST WS . ADPEER A 881 (poly(ADP)-ribose polymerase,
PARP1)2—/NFEAN116 kKDa4ifiixEH, BAEZMMELTRERE, ABEWEE. ARE. W
PR TR DA R B R PR . SRSk B i _E T AIPARPHIHI37 (PARP inhibitor, PARPI) 254, FEFLIR K
SHEE RN Z, BERREFEFARNR. EREFERERRE, BEEESREBR—ANZBE.
ZERNS5REZPBERERE, BERRESHRIEEREHERELF. BRI, PARPISHCCHRE. K
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KADPIZFEE A H5-1 (Poly(ADP)-Ribose Polymerase, PARP1), & &R 1:FFE(HCC), PARPHI#IF](PARPI)
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Abstract
The latest statistics show that hepatocellular carcinoma (HCC) is the second most morbid tumor in
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the world, which has a high recurrence rate, a low 5-year survival rate, and its treatment options
are limited. However, the number of new cases is increasing year by year. It is urgent to find out
the mechanism of recurrence, metastasis and drug resistance of HCC. Poly ADP-ribose polyme-
rase-1 (poly(ADP)-ribose polymerase, PARP1) is a nuclear protein with a molecular weight of 116
kDa which is abnormally expressed in a variety of tumors, including ovarian cancer, breast cancer,
prostate cancer, Pancreatic cancer and HCC. In recent years, the PARP inhibitor (PARPi) drugs
currently are widely used in breast and ovarian cancer. However, they are not satisfactory in HCC.
HCC is a multi-path, multi-gene and multi-step process for its occurrence and development. Stu-
dies have found that PARP1 is closely related to the occurrence, development and treatment of
HCC. This study focuses on the molecular structure and biological function of PARP1, the mechan-
ism of action of PARPI, the expression of PARP1 in HCC tissue, and the relationship between PARPi
and HCC treatment. A systematic review of the research progress of the role of PARPi in HCC was
made to find new therapeutic strategies for clinical treatment of HCC.
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1. PARP1 & B HAER &I

PARP1 J}y PARP FXjk ) —4 M i1, BIFE PARP % CURf e 3545 17 % KRR [1] [2]. PARPL BH 5 IK
P T 50 4E[1] [3], WIA-EX7E DNA B FN 445 R 4H 1 5 B 14 LA R A 2 P AR B RIS 5 7 5
R R R b R BRI VE . e ] DAL ADP-RZRE R IE N NAD+#6F2 2] H bR b, Mifiia
K (ADP-1% %) (PAR)%E. PARPL J& ADP A% Wl IEA0HE F RN — AN A, B AR 00 28 s 4R
PARPL il i el i1k, ADP-IZBEIL AL ME [ N . PARPL —3t = ANgEkgI, 205960 N 3 DNA 45
& 451438 (DNA binding domain, DBD), MZ5#IEL & =ANEEFRZ5H438(ZnI, Znll, Znlll), /'3 DNA Z5& A
—SeE AR S E AR EAEA, DL — M- R R & B VI R4 5 (DEVD) H I E A7/ 5 (NLS): C
i P4 4k 485 14 15 (catalytic domain, CAT) H I8 iE 45 i) 38(HD) Fl ADP-IZWE L B (ART) 45 M Bk i, &
T Tk Jie i VEE 04 A% TR (NADH) [ 45 & 7 SR & B PAR TR E A6 A7 A5 T AL T o o B 5 18 1 3%
(automodification domain, AMD)L % T —ANFLGHEAE 5 IR - REER(BRCT)&E 7, NMSEAM - &
F B BAE L] [4].

2 DNA B, A TIEE NIRMEAMANEYE DNA 3145, 4 — 2% DNA BEHLH, 5N
BB 73 (single strand break, SSB) AN X4 WiZ4(DNA double-strand breaks, DSB) DNA 185 45, HHEKI 2
(single strand break, SSB)f& & WL 4% F%1& H (DR). BB YIMREE (NER). £ H1E E (MMR) TR A
H VIR (BER). DSB (DNA double-strand breaks) /< {5 5 HH P F g ATR £ ATM Wi, EZAEHT
G2 =% G1 ], 7y #MfRywsmeit, 7S 5l CHKL 1 CHK2 {2 b4 fE 3, 1ifih & [ E 4 (HR)
AR [R5 A i B2 (NHEJ) DSB (DNA double-strand breaks)f& S #L#1[2] [5]. 11024 DNA H LR EER 5,
PARP1 ifiid DBD H [ Znl £ Znll 454 % SSB (single strand break, SSB)_ L, 47 DNA kLK 5, Fil
i Zn ST AR B R A

PARP1 7t #u5%E DNA W% (single strand break, SSB)Ab45 4 524511 DNA, —Flt DNA 15 5 8045 44 1 24
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AR R A — RV AR, TS PARPL A TIRE . X S HUR M H WM 10 1 FH (PARylation) #1 DNA
1B 5N AR 54, 40 XRCCL FIYE DNA B2 DNA 45 s i 45 ¥ 55 9% . 5. 4% PARP1 PARYylation
H &, &4 PARylation [ E F I ST S BUR B ARG, i PARPL A\ DNA _Lfif i, 34T R S8 Bl ie.
PARP1 F %25 SSB (single strand break, SSB)#)##E: 7] 12 & (base excision and repair, BER)i& 1%, itn]
LA i ] 5 5 2H (homologous recombination, HR)HIZE it i = ] 95 K b i 2 38 % (non-homologous end join-
ing pathway, NHEJ) /52 55 DSB (DNA double-strand breaks) ({1155 [5] .

2. PARPi BI{EF#LHI R 3T R

DNA #55 S HAB 5 8k = 2 15 S RAZ ML L, HEBN LT FA S iE (K 2 o {8 B4 it — &R 41AH
KK 73 T IR0/ H 552 DNA #5115 . DNA 45147 [ .(DDR), ‘B 1A% DNA 4547, {84 i i 45 i Jf:
/5 DNA B85, MNIm4ERFEE 452 8. 17 DDR <8 2 58 (ADP-AZ ) 5 &l 1 A1 2 (PARPL F1I
PARP2)M . PARP1 7E #14% DNA W% (single strand break, SSB)4bAHH fth DNA $i45 kb 45 & 52451 1K) DNA,
S5 PARPL S5My R — R AN TG LML ThRE . PARPI GBI FHIET PARP g 4 F1 PARylation
SKBH DNA 54, {8 AYEPEF= 1) SSB (single strand break, SSB) AN H1 BER 1585, 1M 7E4H i & i f rp
B N REENT . 3BT i@ B IR BRCAL/BARDL B AW %2 DNA 535461 sk #H] HR A SF &
NI SFANMSET .. PARPI 1) 5 —FHLI A6 T NHED IB0E, XAk BT PARPL #iill KU &
5755 DNA K45 & IRe /AR, S I0E NHE) W RS SRR AR E, A SEEMMIET:. HE
PARPi F.f5 & EFE/E R, £ 2005 4 BRCA Fll PARPL 2 [A] (3 UJBE R A58 T 381, 4B 2 MFFe /N
ST R B, PARP HIHIFAESEAE () BRCAL B BRCA2 e 1% S A BUSEAEFI[6] [7]. [FIRS s it
DR Bl B 1 0 3 B AR T, T B R R AN 2. JLIR, PARPL 5t %¢ PARylate H £, PAR #It T
PARPL )7 FLfar 7] B B M IE 1) DNA s k. & —H PARPI #45 S AL 5, Bk AN DNA
ORI PARPL, f PARPL “Hfi3K” FEARMAHAL, ] B8 AL IE W AL 2R o 25k PARPL [5]. HAETEE
£ i 5 24\ & B R (Food and Drug Administration, FDA) 2.4tk L1171 4 #X PARPI (olaparib, rucaparib, ni-
raparib, talazoparib) . F TG R [8], T 7EARYE o4 2 2% 2 W R 22 2 2> il e 1) O 598 PARP 41 5711
PRI 4619 (2020 hiR)) A4, #R4E SOLO-1 #F5T, Bl JE (olaparib) 3 H T BRCA K 5 AL ) i |
2 P 5 395 (epithelial ovarian cancer, WOC) 3%, 111 I PR BN R I8 BHm 26 0, 43k b A7 B 15 I 1] Ay
41 A, SEEAAME, BRnR A EE S REIE TR N 70%, PALEET 3 4 PFS FH 4 HiAL
60%7#1 27% (HR = 0.30, 95% CI: 0.23~0.41, P < 0.001); R4 PRIMA #f 5T, JEhiir e (niraparib) S T-H1K
IR AARIER] RO VIR EOC 3%, Rorxjehiin)e BB BRAH AL PFS BFAIZEK 11.4 4N H (19.6
ANH: 8241 H), BREIET: RS K 50% (HR = 0.50, 95% CI: 0.31 0.83, P = 0.006); #4i ARIEL3 Hf 7T,
FTR AR (rucaparib) N FH TH1BUR S K B3, R R IR AEREVA T 2 R U BRI B2 7 PRS ]
FEK 5.4 4 H(10.8 M H 5.4 1 H), B R EFET XS B 64% (HR = 0.36, 95% CI: 0.30~0.45, P < 0.0001) [9].

3. PARP1 5EZ X F

& PE 2 BT EEVE I 28 1 2 R 46 993 7 (hepatitis B virus, HBV)&ZL 51 2, Tl H & A % J Ui idifk
JHF e 7™ B BRI AR AR . A ORI TE T DNA 18 B PARPL 2 5 1 W) (1 485 25- 41 52
RIZHRA TR . 7RG HT 29 B Ja SRS 3 P41 DNA IRA L0, X 230 PARPL #KH6iPE NHEJ
DNA 185, fil ki a5-15 F R AR & 1 R[10]. VF2iE R 201 DNA BRRE, X SEHE
EBEEEANKE . G. N. Makokha et al fRIE7E Z BT KR EE(HBV) &S, | HBV AT EA X iFFH
5/6 5 Gtk (Sme5/6) B G A M A i AERF MR, 125 G ARTE BT VR B 4SS 0UEE DNA B3 it G R
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Fil. TTi4¢ik HBx () HCC 4RH ek DNA I 2405 5 245, i PARP HHL iy 4 F2ik HBX f1) HOC i
REARLL]. BRI AL, B CHRES R PARPL i LAY TARDBP K& A4EH A 5 & E i (B HAEHZ
SYRIEAZ T RNA TN A5 b 0 8 B R e, AT DU # SR SE I HBY R RNA I, 4%
it B AR e L% o R HL R AR S IR AT RE N BT HBV 25401 R AR LT REVE[12] . HBV 4RI 4
JEAAR S R (R RE A R, RIER T8 L & (¥ HCC B U L. 1 PARPL AJ LGk 5 i 25 -
T AR R AR A IR XUEE DNA BB 5 240 LR 5 HAb B A 2 AR A AR ELAE FE SRS HBV K146
W, T PiEE O HCC.

4. PARP1 £ HCC AR 4R R RIAE R

JE et 5 28 R B R MR, RECA M KE, HCC RREHH WAsemim e —, el
R ARG 5 AR5, HIRYT IR F Bt FR[13] [14]. Zhang et al. X3l PARPL {1754k & £ Fh
AE[F LHRAR, AHRHE X FERD. BYEALAT. RS BhA . PAEFIERFIECK. Chioportal ‘&7~ PARPL
FERJEAE 45,604 4 B SRR EE T, A 1338 4(2.9%) KA T 038 . MAEVFE IR B h Rk,
s BoniEd PARPL § 0 HH 25 5 /8 R MR PRSI R, B AARE. BTUL, PARPL USRI S5z
S S W ARG R TG AHOG, AT BRAE P G2 va 97 (R AE b E[15] . BRILZ Ak, A SCERIT 5 &K I PARPL
FEH B P R R N b e i, HAS R IR 2 A G . HCC A 11 #AFD IV #9) PARPL B4
%5 79.816% + 20.599%, &1 | HIFT 1 #AM) PARPL FH14E % 56.383% + 28.498%. 7E TCGA ¥,
R IN 363 15 TS 423 A0 50 e 55 4041, it PCR. WB A4 414k &k Bl PARPL 78 JiRg 41 44 () ik B
T 55 4121 . PARPL [1) ROC Hit & THIF 9 0.833 FL 151 HCC (1 BB ARy 57 43 71l 0 67.5% 11 93.9% .
7E 11 HAFD 1V B HCC H PARPL 3 IA B2 1 | A0 11 3 HCC. PARP-1 A REFE HCC HI KA K i
HIEMER, HTE2W HCC MEMbr EPFELERI 73T HCC JRY7T HIHE £ [16].

5. PARPi £ HCC AREI&fT AR FH{EH
5.1. PARPi #£ HCC BT X {ER

o5 = G SR S, B AR S AU ((ionizing external beam radiotherapy, (RT))¥A7 o ()48
IR, AEE AT TR I R AL A T IR AR VAT HCC BIFARZ —[17] [18]. 1 DNA J&J0ST 2% K g 48
ML B LA 2 —, DNA BUEESR 5 a0 R A I DAE & 8UE F AR v LS R AME 1. e R 2 50
4% HCC B EA B X IR, TESREVIRA T, DNA GBI ES, AT LR U7 SRR AN R R 2
—. A CHRIRIE PARPI [ 7 %t DDR ELEEHINAF, PARP HHI7IAT IR BEA 1 FH ) LS ke 24851 S 1)
SR MR AR A, BRI T DASR I BTSSRSO B, R PARPE VAT RUR[19]. BRitbz 4,
Laetitia Gerossier et al fRiE 7E{A& S HCC #5241 Hh Fp i fst FH PARP il 551X 2% 17 4 i 280 S 2 BURR Y, 177 PARP
FEA AT IR rp BB 380k 1 RT U, FLE HCC 44U AT LAWIEE S DNA #5345 K F 7+ Ri[20]. 55 —F
SCHRFR B SCE R B PARPL MRS X-ray HRHTEEEE AT 08 PARPL Hiithi) 71 53 F b i A
X-ray 385 M5, ©FFEACT HepG2 F1 Hep3B ZHfil RIVAFIE R, U4 1 HCC 4N BT HIRURAE[21] -
it LA PARPI B RT FIREME N HCC JRIT I — ik d%.

5.2. PARPI f£ HCC JEREZAYETT P HIER

T B HA AT YIRR HCC,  Z5%HiBiG 7 V52 97 HCC i) — Rk #7730, Yang et al fRIE7E 7 FiFs
TN BB th 2 JE SR ¥R YT 5 HCC BB MR h A Il 2] PARPL BTG, R4udR/E %S DNA Hiifie =
fE5WaE, %55 m B B 4ERF HCC 5 W ItV b T a1 2 e =0 F 2. 1y PARP I B4 Je
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(Olaparib) AT LU i CHDAL A5 et i 45 M 7E F R B 7 X IR RESRE T2 #0122 Rl 5% R 7 F DNA 115 1%
F159, PLUHCRIHER HCC FREE MR JE3 58 HCC HITRYT 3R [22]. BRItz 4, A SCERkiRIE 5 B2l B4
MJe iRy A b, PARPL il B Fi A JE 5 TRIP13 #7117 DCZ0415 [23]. MET/EGFR 32 &40l 7 [24] %
& ] LA DSB (DNA double-strand breaks) {2 52 175 3 41 i 41 T F1 20 i J& 3 FH v , FAIC HC.C 20 i 15 7
ERZZE. FTLL PARPI T LIS 25903677 HCC IER

5.3. PARPi fE R E YA EHNIER

TEARST 290367 IR 40 23 51 2 DNA 55 ST PD-L1 FI3RIA, AT 0 o G BE A 15[ 25] o
Zhou et al.i@id %y ALK I 7 268 41 HCC ' PARPL Al PD-L1 {55, R ILMH 2 I 3 5UAH 5 [26].
il PARPL [3EPEZ 2IHNH 5, A GSK3p Rid k> PD-L1 (IREAR, X SECT iR % iisil[26]. %
YEF I A — R SCER R PALER &6 PD-1 )5, HCC MR 4L4id i) PARPL RIABEMK, 1% & PR EImR
ik TLRO (IR REA 1 4] 67.67% PARPL 541K, 1l TLRO (4Lt h 4 77.77%%55 Hi5% PARPL Jeft,
A4 44% K R AE A B 7 TLRO Rk R5E PD-L1 Jefa, JfH 75.47%HIMK TLRY Rik#HFIMH PD-L1
YLt A5k JC PD-L1 et TM7E TLRO it %ikJ5, PARPL Z RN SHIBEMRE Z 1IN, Bk b, 6
i TLRO #0740 ¥ 5 () HCC 4143 DC 40l CDA'T 4HAf A1 CD8'T 4Hfutdin. JLE7E TLRO Ml
W5 DC Ui 1 CDA'T 4Hf3tdin, 1 CD8'T 4HMuf bl ks> 7, X FRHEH TLRO ¥ vl fgididt PARPL
2 EACRAR AN H MR AR B T 40 BRR IR A A T 5 S e kiR [27].

5.4. PARPi ZEFF#HE A ERIER

JFR M RN HCC BB HRBUATT 75, TRHtE S A AR 28 o A SCHRARE 78 JFT Ik S5k i 453 4 3 A% 24 T
DL I P4 R AH AN A [28] T 4 P [29] R Al o 72 200 B 1 B2 4 1 384 I A A2 4 5 g 52 K AU . Waang et al.
HROIETEFRAEA BT A S5 S PARPL #0515, 7T AR PARPL il 771 . 2 4] 1 (L R A8 5 HCC 1)
B K IR #4557 LME PARPL L i@ i 3458 CXCLL/CXCR2 Hiliif 1 v 11 4r £ Ff ) 55 B 1 2 R s A
I e HCC SR ITIE 55 Bt kA2 d HCC Bk . B 138 LAk, TE/RS PARPL R 51U it
PR AR I A A o L, 4SSk PARP-1 W] BEIE I 3 T IR #4551 5 vh k40 o 3 A A0 {2
A ARk AL, #8515 1E HCC & K[30].

6. B4

LL PARPL ¥ pii (140141177 Olaparib (AZD2281) L3k 15 FDA #tuE A T8 op U A FLARIE . 53 4K
PARPI 116 ACEUHE 5 0] ([7) B 5% ot P 266 DR B i 1 0 S5 4 A 1, T S e g 6 R/ B 1 AN 2 ) DA RO
PARPL “Hfi3k” {ERULHBALN FH T-¥697 HCC W HA R 103 /7, FURLEIR PRETHT 7T S 15 20074
UEHRZR HCC 1 PARPI 3k ot I8 A i A= b b ) e 4 e OB L7 a1 22—
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