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Preliminary study on synergistic effect of nifuroxazide and olaparib on growth inhibition in breast cancer
cells HOU Jing, CHENG Jigan, WANG Hua, WEI Na, NI Qing (Department of Breast Surgery, Guizhou Provincial
People’s Hospital, Guiyang 550002, Guizhou Province, China)
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[ Abstract] Background and purpose: Nifuroxazide is an oral nitrouracil antibiotic commonly used to treat colitis and
diarrhea. Studies have also shown anti-tumor effects of nifuroxazide by inhibiting STAT3 phosphorylation. In the study, through
drug screening, nifuroxazide was found to affect homologous recombination (HR) repair of cells. Therefore, the possibility of
nifuroxazide combined with poly (ADP-ribose) polymerase (PARP) inhibitor olaparib controlling breast cell growth was further
explored. Methods: The SEE-SAW system was used to screen the drugs that had obvious effect on HR repair. Then, the effect of the
drug screened on HR was further verified by HR/non-homologous end joining (NHEJ) fluorescence reporting system. DNA damage
marker YH2AX foci after drug treatment was detected by immunofluorescence staining. Finally, MTS and clone formation assay were
used to detect the effect of drug on cell proliferation. Results: Among 240 small molecule inhibitors screened, a STAT3 inhibitor,
nifuroxazide, was found to significantly reduce the level of HR repair. Meanwhile, the combination of nifuroxazide and olaparib
aggravated DNA damage and attenuated the ability of DNA damage repair in breast cancer cells. In addition, the combination of
nifuroxazide and olaparib further enhanced the killing effect of olaparib on cancer cells. Conclusion: Nifuroxazide can increase the
sensitivity of olaparib to breast cancer cells, and can be used as a potential sensitization drug for further study.

[Key words] Breast cancer; Nifuroxazide; Olaparib; Homologous recombination repair
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FL IR 2 Lo PR R WL R i, AT
A AR FREAEFFEALS ( International Agency for
Research on Cancer, IARC) & A ECHTEHE B,
20204F S ERFLIED BTG B Kk 226 7 L TR
K, TEMRHEFL I 4 o3 B AT 03 2R 9T 1Y
s T, FLARE B 1Y U5 15 21 D 25 0
(B 5 6 STy Yy = B L B PR B B R R
Bom HEk =¥ m 25%, HEHGaIr 8O T .
= IR FL IR A A Ll M BRCABE R 2848 HL
FEAEDNAEE S bg, R IR FHER & SO0 R i G
J7 = BAVE TR — BRI AU BT Pl
R R MR G [ poly (ADP-ribose)
polymerase, PARP | Il 5l /& 55— s A HEK
A BIURMESATH R R AR P2 Y. H
i, PARPAHIA 3 B & 5 245 it 4 %) (Food
and Drug Administration, FDA ) LR T HP 5
WL R PRI B RAYT U o BB LR BT
TS0 e PRI 45 SR i 20 A, PARPHI I 51 Bz
FI (olaparib ) T 243 EFDAHLHEH TIHIT IR
RBRCAZAS G FLIRE ' o 59— PARPHI
il enE JE (talazoparib ) 832 EFDAZ
TUEF IR . HATA IS A K
(I AR IEAE R T rf BT 12k SOk B3
PUEAWT I, 20 S LR TR YT ik 45
Pk SR PARPAN 5 (1) 8 HATS A7 AE A 7] R
—EHIHTHEBRCAR R B E, BERnE
S H AR () LR AT 2 R iR 47 TR
T 25 ) R i A o BRI S [V, — T
7 S PARPHI I 35 (4 4 HIAIL I 247 R AT
3 — 77 TP A2 7 126 RE 3 fin PA RPN i 7] G50 1Y
259, ASBIF ST G O L GRS I DN A [R] 5 $ 20
( homologous recombination, HR ) &% 192494k
FIFHWSTHRE (nifuroxazide ) , Jf & B H 5 PARPH]
TR SR MAR A A I BN, BT,

1 AR

1.1 ZHRELE SR

FLIRIE AN ZMCF-7,. MDA-MB-231, A
BRI 2 U208 X HEK-293TH; 35 /EDMEM
Kigrdkrh, B35 58 a0 % ) G 28 1003

1 mmol/LAE AT AL . 2 mmol/L L-A &k
Jfiz, 100 U/mLIY# 22 . 100 mg/mLIYEER &,
FE37 C. COLMRFITEUN 5% 1) i FIYE B P15 v
Higk.
1.2 See-SawZ % K AW THi%

See-SawRFE MM E . fELZEAWICEH
( green fluorescent protein, GFP ) J&[K Y3 %
SLESI AT W AH S AY1-Scel § 45 . 1-ScelZk
IKBEIS S DNAXUEEWTZY ( double-strand break,
DSB) . 4DNA#iidE it JE Rl R 5% (non-
homologous end joining, NHEJ) &R}, 4ijf
FIKGFP, ZiifiE T HRIEE N, 4035k
56 (red fluorescent protein, RFP)
ARWFFEAE 77 A See-Saw 2.0t & 4t IMCE-741
ok 3 HrDSBIE A% . ¥4 See-Saw 2.0 BTk
YL RIMCF-7400, FG418Tfk2 i fa e, A
J5 2 IR1-Scel M2 B AL 4L, 6 hfS4Ah 4
MTF96fLtl . 24 his, FTEE 254N .
36 him, RN, WEFRELZZ vl ( phosphate-
buffered saline, PBS) &% /5 H4% % B H %
WEWREE20 min, REHFTRALEA (flow
cytometry, FCM ) £l
1.3 HRENHEJRE Z4%

FFHEK-293 T4 T24fLAR P, ¥ HR
455 ( DR-GFP ) BiNHEJH 455K (EJ5-
GFP ) UL M pCBA-I-Scel MlmCherry#%2 : 2 : 15 4%
YL, 6 higFHZAAb R, 36 hig B4, R
HEATFCMAEI 4347
1.4 TEFMRZEE

$£300~5001"MCF-7., U20S4H 427 2] 6L
Merbo 24 WE HZGAE, SRIEHFR10~14 d. H
4%Z5 5 WS TR 25 1 [ 72 20 min, FHO.19%45 i %%
FIRYL.20 min. THEC= 5040 SRR
1.5 MTS#:il

#2 000~4 000~MCF-7, MDA-MB-2314
Mo Fp R 96 FL AR H o WS EE J5 AN [] v 1 24 g Ak
L, SRIGREEFRT2 ho IMAMTS, & 2~4 hig kil
490 nmAL SR (D) .
1.6 RRRILLRE

G REDE YL H TR 25 P hb LR yH2 AX
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e, MELBEWMT . wEeflihICH L, ik, ' SFHRIEEZEE (HR deficiency, HRD)
SRIGHIZG b 1 . 8 h, H4%ZRHEEERE & —Fh a4 09 5o IR 40 B X DN A 1 25 9 i 24 1)
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M3 FH A A FPBSE IR E A1 h; PBSYER3IK, RG0S — T F 5T DN A XUBE W 446 &2 42 138 T
YRS ming; —Pid CIRE R, RGHPBSYE B, JLARFPFHELN A GEFPRH M40 i 73 ALk
3%, FIRS min; CHIEIEREE L h, PBSEEE  HRENHEIXI-Scelifs AU 1B . A B
3, 47,6- " KFL2-BEHME (47 6-diamidino-2-  FUMH I TargetMOL ( H3g% %~ : L8200) /Ny
phenylindole, DAPI) 4%, £ f, fedtpn  ZWIE (LE240F025%) ) AHE 4 See-Saw 2.0

ks T gL, HRL KRR BIMCE-7400 . S8)5 S IHR HINHETSR
1.7 Gitsearie RAEARELRFPE GFPHAE, 25904 M2 .
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Fig. 1 Nifuroxazide inhibits HR repair of DNA

A: Breast cancer cell line MCF-7 was transfected with plasmids of See-Saw 2.0 system and selected with Puro, and then infected with lentivirus expressing
I-Scel. The cells were collected for flow cytometry detection for homologous recombination efficiency after indicated treatments. The horizontal axis
represented different drugs, and the vertical axis was the logarithm of HR/NHEIJ ratio; B: HEK-293T cells were seeded on 24-well plate and incubated
overnight, then HR reporter gene (DR GFP) or NHEJ reporter gene (EJ5-GFP), pCBA-I-Scel and mCherry were transfected into the cells at 2:2:1 ratio. After
6 h, the cells were treated with nifuroxazide, and then the cells were collected and analyzed by flow cytometry. MOCK: Control; Nifu: 1: Nifuroxazide 5 pumol/L;
2: Nifuroxazide 10 pmol/L; 3: Nifuroxazide 20 umol/L; **: P<0.001, compared with each other; ***: P<<0.000 1, compared with each other
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5 M PARP P ] 50 BT 1 B A DN A0 495 F2 H2AX [ 55 13907 22 R R & A i R Ak 1 1 )
KR AE X — R, ASWFIE R SR RS RUE B, & BB A Ik SRR AL BR AN R S
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Fig. 2 Nifuroxazide increases DNA damage induced by olaparib and delays damage repair

A: MCF-7 cells were treated with nifuroxazide alone or in combination with olaparib. Immunofluorescence was used for detection of YH2AX foci 1
and 8 h after treatment. B: The quantification of YH2AX foci. NT: Non-treated; OLA: Olaparib; Nifu: Nifuroxazide; Comb: Combination of olaparib

and nifuroxazide
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Fig.3 Nifuroxazide increases the inhibitory effect of olaparib on breast cancer cells

The inhibitory effect of olaparib alone or in combination with nifuroxazide (1 pmol/L, no obvious inhibitory effect on cells) was detected by MTS.
A: MCF-7 cells; B: MDA-MB-231 cells; OLA: Olaparib; Comb: Combination of olaparib and nifuroxazide



1172

= 2, 5 HEERFSIZNILRBEEEXY RANBASURIL NS

A B
MOCK Nifu 250 ****
- .
150
g
Comb & 100
i 2
Y O 50 +
0 -
N {& F oéo
@

C D
MOCK Nifu 300 —_—
Pl g D
£y :
—g 200
o =
E 100
O
0 ol ¥
] »
QOO é{& O\) QO&

4 THRKFTHEIE AN BLAIAF SERE R BN EIE A

Fig. 4 Nifuroxazide increases the inhibitory effect olaparib on clone formation

Cells were treated with olaparib (0.2 pmol/L) alone or in combination with nifuroxazide (0.2 pmol/L), the colony number was counted. A, B: U20S
cells; C, D: Breast cancer cell MCF-7. MOCK: Control; OLA: Olaparib; Nifu: Nifuroxazide; Comb: Combination of olaparib and nifuroxazide;

*kkk P<0.001, compared with each other
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