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[ Abstract] Objective To study the cellular senescence and molecular mechanism of olaparib in MCF-7 breast
cancer cells. Methods The effects of olaparib on the proliferation and migration of MCF-7 cells were detected dynamically
by real-time cell analysis ( RTCA) technology. The effects of olaparib on the Senescence was detected by using the

senescence-associated B-galactosidase (SA-B-gal). Quantitative polymerase chain reaction was used to analyze the effects
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of olaparib on the expression levels of genes encoding the senescence-associated factors pl6, p21, C/EBP homologous
protein, interleukin ( IL)-6, IL-8, plasminogen activator inhibitor 1, phosphatase and tensin homolog deleted on
chromosome 10, p27, retinoblastoma gene, Ki67, and E2F1. The effects of olaparib on the expression levels of the
senescence-associated proteins p21, YH2AX, pRB, cyclin D1, insulin-like growth factor binding protein 3, and Ki67 were
analyzed by Western Blot. Results Olaparib inhibited the proliferation and migration and induced the senescence of MCF-
7 cells. Long-term (96 h) treatment with olaparib significantly up-regulated the gene expression levels of p16, p21, p27,
C/EBP homologous protein, IL-6, IL-8, plasminogen activator inhibitor 1, phosphatase and tensin homolog deleted on
chromosome 10, and retinoblastoma protein (P < 0.01) and significantly down-regulated the gene expression levels of Ki67
and E2F1 (P < 0.01) in MCF-7 cells. Olaparib significantly increased protein expression levels of p21, yH2AX, and
insulin-like growth factor binding protein 3 in MCF-7 cells (P < 0.01, P < 0.01, P < 0.05) and significantly decreased
cyclin D1, pRB, and Ki67 levels (P < 0.05, P < 0.01, P <0.05). Conclusions

migration and induce senescence in MCF-7 breast cancer cells.

Olaparib can inhibit proliferation and
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—A R ot JR A A7 W ( progression-free survival
PFS) I8 T HR ST 1536 97 FL AR 9 25 A (breast cancer
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B2 i B BiLUR) (Food and Drug Administration
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L1 4k

FLIRIE MCF-7 40l [ bRk g i 4 4,
DMEM 15 77 365595 (& 10% 06 2F L35, 1 x H & H/
HERE R PR , 7E 5% CO0,,37 CHRIFTRiFZ
X RS T SE
112 EEH 5

HHIMHJE (olaparib) ) B MCE /3 ] ; Senescence
B-Galactosidase Staining Kit 1 H CST /A ) ; DMEM
W [ BB ZELE IR A YR AT BRZA ] 5 i A 1l v 1 H
WL KRR BB B A A7 FRA W) 5 JR 4 1 i -EDTA
THA (A EBLL) T EER R IRA W (100 x ) Al
Tris 1 FI J6 50 % 36 £ B4 A R 2 7] ; SPARKeasy
Improved Tissue/Cell RNA Kit, SPARKscript II RT
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A A Pt Kie7 Pt H Abcam A ) PT p21 .
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FL 1 x 10" cells I AN TALBEAF 9 CIM-Plate 16 47
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S 1Y, S S 254G I AR BT A 1 O
1.2.3  SA-B-gal YL a0 2 175 T 40 M 2 2 6 P

MCF-7 4iHfi ] DMEM 3% 77 56 85 57 28 0 Ak 1K
WIEH AL 5 x 107 cells I A F] 96 fLA H & T
37 °C,5% CO, Y374 i 5 3R ad 8, SR 5 A 20
pmol/ L 4 BAIF JE , T [l 55 37 4 vh 4 2215 5% 96 h,
1E 48 h W 1 K, R J5 B #§ Senescence B-
Galactosidase Staining Kit ViR T Y
1.2.4 qPCR 23K ik

MCF-7 # i ] DMEM B 37 56 15 57 2 0 Fod: K
W5, 4% B AL 2 x 10°cells Jn %) 6 FLAR & T
37°C, 5% CO, i FA I &, K5 A
20 pmol/L 1y BLFLHAJEAEH] 96 h, B BATERT HRAL,
W 4E 41 i #% M8 SPARKeasy Improved Tissue/Cell
RNA Kit #8747 RNA 21, #% 18 SPARKscript
I RT Plus Kit ( With gDNA Eraser) ¢ B 45 i %
cDNA SR J5 FHSE I 28t 2 5 PCR R 44T qPCR £
W55 W& 1, 973 7 R . Hold Stage:
Stepl: + 1.6 C/s—94 C (2 min) ; PCR Stage (40
cycles) :Stepl: + 1.6 C/s—94 C (10 s) ; Step2: —
1.6 C/s—60 C (30 s) ;Melt Curve Stage: Stepl: +
1.6 C/s—95 C (15 s) ;Step2:-1.6 C/s—60 C (1
min) ;Step3: + 0.15 C/s—95C(1s),

®1 5IWF5

Table 1 Primers sequence

TUWEBIM(5-3")

Reverse primer(5’=3")

FEF 2R LS5 -3")
Gene name Forward primer(5°=3")
plé CTACTGAGGAGCCAGCGTCTAGG
p21 CTGGAGACTCTCAGGGTCGAA
CHOP CAGAACCAGCAGAGGTCACA
IL-6 CCCCTGACCCAACCACAAAT
IL-8 GGTGCAGTTTTGCCAAGGAG
PAI-1 ACCGCAACGTGGTTTTCTCA
PTEN TTTGAAGACCATAACCCACCAC
p27 CCGGTGGACCACGAAGAGT
RB1 CTCTCGTCAGGCTTGAGTTTG
Ki67 ACGCCTGGTTACTATCAAAAGG
E2F1 CATCCCAGGAGGTCACTTCTG
GAPDH AGCCACATCGCTCAGACAC

AGAGTGGCGGGGTCGGCGCAGTT
CCAGGACTGCAGGCTTCCT
GCTGTGCCACTTTCCTTTC
GCCCAGTGGACAGGTTTCTG
TTCCTTGGGGTCCAGACAGA
TTGAATCCCATAGCTGCTTGAAT
ATTACACCAGTTCGTCCCTTTC
GCTCGCCTCTTCCATGTCTC
GACATCTCATCTAGGTCAACTGC
CAGACCCATTTACTTGTGTTGGA
GACAACAGCGGTTCTTGCTC
GCCCAATACGACCAAATCC

1.2.5 Western Blot M5 EE I F+ik

MCF-7 ZHis F§ DMEM $% 35 B 85 3% 2 X0 50k K
W5 TR BRAEAL 2 x 10° cells iMAZ] 6 LA E T
37 C,5% CO, i FH 8577 b 1%, SR 5 A 20
wmol/L I BF7 A JEAE R 96 b, B BATERTIRFL, Ui s
AR U ()5 #54T SDS-PAGE HLIK , R 5 Ep T
PVDF Ji&, 2= F & 2 h J5 20 B A —$t p21(1 -
1000) . yH2AX (1 : 1000) . IGFBP3 (1 : 1000) .

eyclin D1 (1 : 1000) ,pRB (1 : 1000) . Ki67 (1 :
5000) 1 GAPDH( 1 = 1000) #1705 & %, 28 )5 H
(1 :2000) B F , H ECL & g ke H i & 1A
ik,
1.3 ZITESH

i s 5 E A AR H RTCA software pro 2. 8. 0
A5 4T, SA-B-gal PHPE 2 Image J 2. 14. 0 # {4
8T, qPCR 204 1 QuantStudio Design & Analysis
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software 1.5.1 43 #T, Western Blot 5 % H Image J
2. 14.0 A0, THEBORILF I E AR (& =
$)FRR, LA P < 0.05 FoR 2 BAT 1k,

2 #HR
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PRt Ak 4T 46 L
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2.2 BHiHH B Xt MCF-7 40 iE % B 500

FIFH RTCA B ARMFFE T BALNAJEXT MCF-7 2
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Bif 5 B[] () S SR T B T, i 4 SRR, AL e
REREANT] MCF-7 4 r3E#% , B R 25 e ] /) SE < X
ML A A i o
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0.22 A

EIlUEERA
Cell index

0.15

1 5' 1‘0 1'5 2‘0 2I5
[ [i/h Time/h
2 SRR AR IR [E] I TRL XS MCF-7 20 3T 1 52
Figure 2 Effect of olaparib on the migration of
MCEF-7 cells at different time points

2.3 EHMARIES MCF-7 HiERE

20 0 80 g0 100 120 SA-B-gal YL 45 H 7R, 20 wmol/L BLHL A JE
I Timel YEF MCF-7 40018 96 h J , 5 1 Pk X HE LA L, B4
1 MCF-7 AN SRR AR IR AR RO R AL AT A BV e 4T R M LI AR R 0
Figure 1 Proliferation curve of MCF-7 cells at different W), A B 0 BB, LI 3A . X AR 4 SA-B-
time after olaparib treatment gal %@.BH‘I’%%% 10. 7% 20 |.Lm01/L Eﬂi‘j TPEUEQEE
A B 80 -
Control group Olaparib group —
e ) . =& 7
s : . E} E 50
y . .' E T:;D 304
. 25w
e 10
: 1 |
2L Y o & L. 7 S B4
F AP 5 - , ~ Control group  Olaparib group
TE: A MCF-7 41/ SA-B-gal Y415 ; B:SA-B-gal PRI ; 55X IAIAILL, ™ P < 0.001,

B3 HAHEES MCF-7 415 2

Note. A. SA-B-gal staining on MCF-7 cells. B. Analysis of SA-B-gal positive rate. Compared with control group, ™ P < 0.001.

Figure 3 Effect of Olaparib on the senescence of MCF-7 cells
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ZH SA-B-gal JL A BHM N 65. 3% , WK 3B, L5

LA 20 wmol/L (Y BLFLM JEAE F MCF-7 4 fifd 96 h

RENS T 515 S MCF-7 i % (P < 0.001)

2.4 BHHRB X MCF-7 4085 E Rk S0
qPCR #1045 A0 4 W1, pl6., p21 . p27,

CHOP IL-6 .IL-8 \PAI-1 PTEN F1 RBI #3& K21k

AR 9 2 0k R LR A R R IR A Rk

A

20 5
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w
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SR RAML, P <0.01, (FEM)

*k
H .

T = T _rll
IL-8

JKF-(P < 0.01) ;Ki67 I E2F1 5 K 3 4 7K F- B i
TR AT B AL AR X 0 3 PR ) R OKE (P <
0.01) , IXZERRIIEPIMAENEH MCF-7 4i )5 £
HET M KEEN pl16 . p21 p27 .CHOP IL-6.1L-8
PAI-1 PTEN F1 RB1 Y %3k, FEAR T 40 it 1 58 15
PEFEPRAZ R Ki67 P R4 i J8 01 AH SC 3L [H E2F 1
B35 , NI #E MCF-7 4080 5%

it Xt HEZH Control group
[0 BHiia/e4H Olaparib group
1.5 4 *% *%
T T
P
5
2 109 m - - - _
K a
1’)? d>) - *%
EE 051 H
5}
) H
00 T T T T 1

PTEN p27 RBI1 Ki67 E2F1

B4 qPCR ZHiAFHEEFRS

Note. Compared with control group, ™ P < 0.01. (The same in the following figures)

Figure 4 qPCR analysis of different gene expression

2.5 BEiIARX MCF-7 HiE B RIEHFMN
Western Blot #2541l 5 fros , BRLA e 40

) p21 .yH2AX HI IGFBP3 #& 1315 B 8 T &1 , AH XS

KRB EHTREA(P < 0.01;P < 0.01;P <

AR B E IR T X R4 (P < 0.05;P < 0.01;
P <0.05), Z45 R BHNEVEH MCF-7 4 jid
J5 EIET p21 yH2AX 1 IGFBP3 & [ 251k, [A) )
T cyclin D1, pRB 1 Ki67 & BB mfESE MCF-

0.05) ;eyclin D1, pRB Ml Ki67 # H R AWK, 7 4A9EEE AN H] MCF-7 4 A= K rPE

XHHRZE BB ZH XL A B4

A Control  Olaparib Control  Olaparib B B A4 Control group
group group group group 7
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I ; 5 6 s
21 | lin D1
L v e 5 W s
KE 4
| e
YH2AX | S | pRB 253 bl
22 .
' 30 ﬂ
s [ - o g i ] ea B
o + <> Q Py &
= < o Q S N 22
GAPDH W S GArDH M ¥ ¢ §

T A A FEE FIERIA SO s B 8 XS Rk 14087 s S X HREAAHLE , * P < 0.05,
5 Western Blot fill A i) £ 1A 1/ 0
Note. A. Expression of different proteins. B. Protein relative expression analysis. Compared with control group, * P < 0. 05.

Figure 5 Western Blot detection of different protein expression
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5 T R S e A T A 7 LR 3R T
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P22 B R 23 R A W IR AR AB MR 1L yH2AX, J& DNA
XU W4 1 b s 0 SE R 9T R ST e
VG FLI MDA-MB-231 40l th yH2AX (335
R ETHEY, CHOP 4 S 4 [ R 17 38R 421
W EEA R CHOP By kK L Thes ),
ARSCWFFE v, LR R JE A 2L BR 98 MCF-7 41 i J5
YH2AX 8 FHRIBKF 1, CHOP 5 H R ik K
V- 2 O, $E R AL R A2 E T DNA (1 XUE W
24,383 CHOP 4319 P 5 I 3 985 R4 Ak 1 98k 12
75 MCF-7 iR %,

FEAN A S R v A0 R A 2R T (eyelins )
T4 B2 43 S S84 TG X 7 %) 4T R 300 P v i
fit ( cyclin-dependent kinases, CDKs ) % B 5, #E 11
fdi RB & (M B2 1L pRB M A 5% He % % 5% R 7
E2Fs (80, i E2Fs % 4 41 FH i 20 43 40 i JE 301 i)
HERE ) p16 il p21 J 2 1 ) 60 55 R, 4
SN A ) P R 4 S A R Y A B AR, ELAR R
LA KT CDKs AN 8] B 63 /9 90 1, Hod ple 9 il
CDK4/6,p21 F1 p27 WIHH] CDK2 , 2 i #  ~ Jif¢ i
A TITAT0 S 200 S 2115710 PTEIN o) 200 i 0 289 g 410 o
YEFS p27 BUIMIC, ASCFsR 45 R, WA
JeAb PRI FLR I MCF-7 4+ p16 . p21,p27 .RBI

I PTEN 3[R 3k 3 1, E2F1 Fl Ki67 & [H %
K2R p21 IR IB W E TR, eyclin D1 ,pRB
FKi67 #3238 0 B, 7w BURLR @ wl i BH
Tiir 240 B FE I AR = MCF-7 4l 2

SASP & AE KK 2 BT 4 J8 2R 1 i L AR T 4
JiL PR R Ak PR A 7 s Al v R AR T,
IGFBP3  PAI-1IL-6 Fll 1L-8 4§ J& SASP A9 LAY 1
A3 ARSI ST 45 R 2 W LR e S 0 S A1
HPAL-1,1L-6 A1 1L-8 3 A 3¢ 3k /K OF 8 3% 1,
IGFBP3 & HRB KB 5.

ARSCHFFE AR, A e A 7 5 2L
MCF-7 4 M5 2 AE H, [ ) B —35 20 A 5 B
FHBLH, > PARP 1046 71038 528 175 = LMt 90 240 P 5 3
YEHIG YT FLI I r O s 4t 1o A0 LR

£ % XX #(References)

[1] ROBSON M, IMS A, SENKUS E, et al. Olaparib for metastatic
breast cancer in patients with a germline BRCA mutation [ J]. N
Engl J Med, 2017, 377(6) : 523-533.

[2] TUTT A NJ, GARBER ] E, KAUFMAN B, et al. Adjuvant
olaparib for patients with BRCA1- or BRCA2-mutated breast
cancer [J]. N Engl J Med, 2021, 384(25) : 2394-2405.

[ 3] HOPKINST A, SHI Y, RODRIGUEZ L E, et al. Mechanistic
dissection of PARP1 trapping and the impact on in wivo
tolerability and efficacy of PARP inhibitors [ J]. Mol Cancer
Res, 2015, 13(11): 1465-1477.

[ 4] ARUN B, AKAR U, GUTIERREZ-BARRERA A M, et al. The
PARP inhibitor AZD2281 ( Olaparib ) induces autophagy/
mitophagy in BRCA1 and BRCA2 mutant breast cancer cells
[J]. Int J Oncol, 2015, 47(1) : 262-268.

[5] HONGT, LEI G, CHEN X, et al. PARP inhibition promotes
ferroptosis via repressing SLC7A11 and synergizes with ferroptosis
inducers in BRCA-proficient ovarian cancer [ J]. Redox Biol,
2021, 42. 101928.

[6] ELZID J, LAl Y, SONG M, et al. Plasminogen activator
inhibitor 1-insulin-like growth factor binding protein 3 cascade
regulates stress-induced senescence [ J]. Proc Natl Acad Sci U S
A, 2012, 109(30) : 12052-12057.

[ 7] MAIORANO B A, MAIORANO M F P, MAIELLO E. Olaparib
and advanced ovarian cancer: Summary of the past and looking
into the future [ J]. Front Pharmacol, 2023, 14. 1162665.

[ 8] GORGOULIS V, ADAMS P D, ALIMONTI A, et al. Cellular
senescence ; defining a path forward [ J]. Cell, 2019, 179(4) .
813-827.

[ 9] VALIEVA Y, IVANOVA E, FAYZULLIN A, et al. Senescence-
associated B-galactosidase detection in pathology [ J ].
Diagnostics, 2022, 12(10) ; 2309.

[10] KINNER A, WU W, STAUDT C, et al. Gamma-H2AX in

recognition and signaling of DNA double-strand breaks in the



384 o [ S S 2024 4F 3 A58 32 %55 3 1 Acta Lab Anim Sci Sin, March 2024, Vol. 32, No. 3

context of chromatin [ J]. Nucleic Acids Res, 2008, 36(17) : sensitizes cells to oxidant injury [ J]. J Biol Chem, 2003, 278
5678-5694. (19): 16726-16731.

[11] CHUANG H C, KAPURIYA N, KULP S K, et al. Differential [14] KUMARI R, JAT P. Mechanisms of cellular senescence: cell
anti-proliferative activities of poly ( ADP-ribose ) polymerase cycle arrest and senescence associated secretory phenotype [ J].
(PARP) inhibitors in triple-negative breast cancer cells [ J]. Front Cell Dev Biol, 2021, 9. 645593.

Breast Cancer Res Treat, 2012, 134(2) : 649-659. [15] ZHAO R, CHOI BY, LEE M H, et al. Implications of genetic

[12] MARCINIAK S J, YUN C Y, OYADOMARI S, et al. CHOP and epigenetic alterations of CDKN2A ( p16™) in cancer
induces death by promoting protein synthesis and oxidation in the [J]. EBioMedicine, 2016, 8: 30-39.
stressed endoplasmic reticulum [ J]. Genes Dev, 2004, 18 [16] ENGELAND K. Cell cycle regulation: p53-p21-RB signaling
(24) : 3066-3077. [J]. Cell Death Differ, 2022, 29(5) : 946-960.

[13] IKEYAMA S, WANG X T, LI J, et al. Expression of the pro-
apoptotic gene gadd153/chop is elevated in liver with aging and [KFsEHHE] 2023-10-19

/)

(PELREFHRETZ)BRXNE(PXZOPTHIERZRE)

WA SCHR T 2 19 JEL B AN 7 8, I 5 N 5% 0% AH G SR 19 46z
R G AT, DL R B P, (P [ LR BE 2 2 7)) FRIRA
IR SOOI PIE H A )2023 R (BISE 10 M) Zi A tEEZG T @R LMAED B> 202ERAREL
AR RAZ L BT e Hea

FeATEM P RTAN (R LTI BRI L, FEHFTEA DURHHIR T

<< ':F‘ j( *ZAIL\ %ﬁ %J% B 4%\ BC >> ¥ HEJ E T ‘H:% ﬂ:‘ﬂ E l’i -H: E/J 7'(7J( ElZ e

SCHLIITISEH Gy 2023400 (AR 1000 2B TR — R
1l

SR TL AN, Z R AR R 2N,
R, A T o 2R Tl 25 Wfrmﬁﬂé;{emﬁ T, o i 2
A TIZE AP BOR 2 (CAICED) S5 3 1) L oh 25 AR 3 1) ¢
) A B T 3 v LA 0 SCHR O P (o A ) (i 36 )
B (R B SCSE IS ) (P R RO ) (oo e
T H BV SR R
IR B FATIES B 5 SR T A R s A AT
(IR 5T, A TIGRIE S I R R SF AN B, AR O, 3t 5
IR, T BB, AR, R — T 5 Haoe

o 8 At |




