
Am J Cancer Res 2019;9(3):608-618
www.ajcr.us /ISSN:2156-6976/ajcr0091714

Original Article 
Synergism of PARP inhibitor fluzoparib (HS10160)  
and MET inhibitor HS10241 in breast  
and ovarian cancer cells

Ye Han1,3, Mei-Kuang Chen3,5, Hung-Ling Wang6,7, Jennifer L Hsu3, Chia-Wei Li3, Yu-Yi Chu3, Chun-Xiao Liu3, 
Lei Nie3, Li-Chuan Chan3,5, Clinton Yam3,4,5, Shao-Chun Wang6,7, Gui-Jin He1, Gabriel N Hortobagyi4,  
Xiao-Dong Tan2, Mien-Chie Hung3,5,6,7

Departments of 1Second Breast Surgery, 2Thyroid and Pancreatic Surgery, China Medical University Affiliated 
Shengjing Hospital, Shenyang, P. R. China; Departments of 3Molecular and Cellular Oncology, 4Breast Medical 
Oncology, The University of Texas MD Anderson Cancer Center, Houston, TX, USA; 5Univeristy of Texas MD 
Anderson Cancer Center UTHealth Graduate School of Biomedical Sciences, University of Texas Health Science 
Center at Houston, Houston, TX 77030, USA; 6Graduate Institute of Biomedical Sciences, College of Medicine, 
China Medical University, Taichung 40402, Taiwan; 7Center for Molecular Medicine, China Medical University 
Hospital, Taichung 40447, Taiwan

Received January 23, 2019; Accepted January 28, 2019; Epub March 1, 2019; Published March 15, 2019

Abstract: Poly (ADP-ribose) polymerase (PARP) inhibitors (PARPi) are promising targeted therapeutics for breast 
and ovarian cancers bearing a germline BRCA1/2 mutation (BRCAm), and several have already received regula-
tory approval in the United States. In patients with a BRCAm cancer, PARPi can increase the burden of unrepaired 
DNA double-strand breaks by blocking PARP activity and trapping PARP1 onto damaged DNA. Resistance to PARP 
inhibitors can block the formation of DNA double-strand breaks through BRCA-related DNA repair pathway. MET is 
a hyper-activated receptor tyrosine kinase expressed in multiple cancer types and the activation contributes to re-
sistance to DNA damage-inducing therapeutic drugs. Our previous study showed that MET inhibition by pan-kinase 
inhibitors has synergism with PARPi in suppressing growth of breast cancer in vitro and in xenograft tumor models. 
In this study, we validated the inhibitory effect of novel inhibitors, HS10241 (selective MET inhibitor) and HS10160 
(PARPi), to their target respectively in triple-negative breast cancer (TNBC) and high-grade serous ovarian cancer 
(HGSOC) cells. We further demonstrated that these two inhibitors function synergistically in eliminating TNBC and 
HGSOC cells; combining with HS10241 increased DNA double-strand breaks induced by HS10160 in cancer cells; 
and PARP1 tyrosine (Y)-907 phosphorylation (PARP1 p-Y907) can be an effective biomarker as an indicator of MET-
mediated PARPi in HGSOC. Our results suggest that the combination of HS10241 and HS10160 may benefit pa-
tients bearing tumors overexpressing MET as well as those resistant to single-agent PARPi treatment. 

Keywords: Targeted therapy, PARP, MET, triple-negative breast cancer, high-grade serous ovarian cancer, resis-
tance, SHR-3162

Introduction

Breast cancer has the highest incidence in 
women worldwide and leads in incidence in 
154 countries in 2018 [1]. Triple-negative 
breast cancer (TNBC) is an aggressive subtype 
of breast cancer lacking estrogen and proges-
terone receptors and expressing low levels of 
HER2. The lack of these hormone receptors 
makes TNBC unresponsive to standard hor-
mone receptor-targeted therapies for breast 

cancer. TNBC accounts for 15-20% of breast 
cancer cases and 25% of breast cancer-associ-
ated deaths [2]. Compared to other breast can-
cer subtypes, TNBC is more likely to metastasis 
and relapse at early stage, and the median sur-
vival time is shorter for TNBC patients than 
those who bears other breast cancer subtypes 
(4.2 vs. 6 years) [2, 3]. Another female cancer 
with high incidence is ovarian cancer [4]. 
Ovarian cancer is the most lethal gynecologic 
malignancy. High-grade serous ovarian cancer 
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(HGSOC), which comprises the majority of epi-
thelial ovarian cancer, is characterized by p53 
mutation, initial sensitivity to platinum agents, 
and overall chromosomal instability, and 
because of these features, HGSOC is much 
more aggressive than other types of ovarian 
cancer and carries a poorer prognosis [5]. It is 
reported that primary HGSOC tumor is highly 
heterogeneous based on its various epigenetic 
RNA and miRNA expression and promoter 
methylation regulations [6, 7]. To date, aside 
from the BRCA mutation (BRCAm), none of the 
molecular specific traits has been referenced 
in HGSOC patient treatment in the clinic [5, 8, 
9]. The heterogeneity of TNBC and HGSOC is 
the key challenge in treating the disease in the 
clinic [2]. Thus, the strategies identifying targe-
table biomarker in TNBC and HGSOC personal-
ized treatment are urgently needed.

Among emerging targeted therapies for breast 
and ovarian cancer, PARP inhibitors (PARPi) 
exhibit promising efficacies in treating a sub-
population of cancer patients who carries 
BRCAm [10, 11]. PARP1, the major target of 
PARPi, can be activated by cellular stress 
induced DNA damage adducts [12, 13]. PARP1 
mediates DNA damage repair pathways to 
remove damaged base from DNA by post-trans-
lationally adding ADP-ribose chain onto DNA 
repair proteins (PARylation) [14]. The use of 
PARPi blocks PARP-mediated repair of single-
stranded DNA damages and traps PARP1 onto 
damaged DNA [15-18]. These working mecha-
nisms of PARPi increase the burden of unre-
paired double-stranded DNA, which should  
be repaired by BRCA-mediated homologous 
recombination pathway [19]. Therefore, PARPi 
induce synthetic lethality in BRCAm cancer cells 
[20-23]. In ovarian cancer, 9% of HGSOC harbor 
BRCAm [24]. Most of the BRCAm HGSOC respond 
well to PARPi, and thus PARPi are approved by 
the U.S. Food and Drug Administration (FDA) as 
a standard targeted therapy for BRCAm ovarian 
cancer [25]. In addition, a subpopulation of 
TNBC patients (10-20%) harbors BRCAm or 
shows similar phenotype as BRCAm, making 
these patients more sensitive PARPi [26, 27]. 
Although most PARPi inhibit PARP1 enzymatic 
activity at similar efficacy, the ability of trapping 
PARP onto damaged DNA varies among differ-
ent PARPi [16]. While the major cytotoxicity 
effect in BRCAm cells comes from PARP trap-
ping [28], it is necessary to investigate each 

PARPi for potential combination treatment indi-
vidually because the resistant mechanisms 
may vary based on the different designs of 
PARPi. In this study, we focused on a novel 
PARPi, HS-10160 (fluzoparib, SHR-3162), which 
is currently under clinical trial study in multiple 
solid tumor types [ClinicalTrials.gov Identifier: 
NCT03509636, NCT03075462, NCT030268- 
81]. 

In both clinical trial data and cancer cell mod-
els, PARPi sensitivity and resistance are not 
fully restricted to BRCAm [29]. Previous studies 
showed that altered receptor tyrosine kinases 
(RTK) activation contributes to resistance to 
multiple DNA damage-inducing therapeutic 
drugs, including PARPi [30-35]. Among the 
RTKs, MET is a suitable target for targeted ther-
apy in TNBC and HGSOC treatment because 
MET is one of the RTKs that is overexpressed in 
these cancer types [36]. Activated MET induc-
es PARPi resistance in TNBC model by interact-
ing with and phosphorylating PARP1 at Y-907 
residue [34]. The PARP1 p-Y907 has lower bind-
ing affinity to PARPi and also facilitates DNA 
damage repair efficiency [15]. It has been 
reported that pan-tyrosine kinase inhibitors 
that target various RTKs, including MET 
(foretinib and crizotinib), demonstrated syner-
gistic effect with PARPi in BRCA wild-type TNBC 
and a population of liver cancer cells [34, 35]. 
In TNBC, the synergism is attributed to the 
increased double-strand DNA breaks as indi-
cated by serine 139 phosphorylated H2AX 
(γH2AX) [34]. Currently, the therapeutic efficacy 
of selective MET inhibitor (METi), HS-10241, is 
being investigated as a single agent in solid 
tumor in clinical trials globally [ClinicalTrials. 
gov Identifier: NCT02759640, NCT02977364, 
NCT02981108, NCT03243643], but the com-
bination of METi and PARPi has not yet been 
examined in clinical trials.

In this study, we asked whether the combina-
tion of PARPi and selective METi show syner-
gism in TNBC and HGSOC. We on purpose 
selected two drugs that are developed by  
the same company in order to facilitate future 
clinical trials if the results turn positive. To this 
end, we chose PARPi HS-10160 and METi 
HS-10241, and focused on two TNBC and two 
HGSOC cell lines that express high levels of 
MET protein. By treating the cell lines with 
HS-10160 (PARPi) and HS-10241 (METi), we 
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demonstrated that HS-10160 and HS-10241 
inhibited PARylation and MET activation, re- 
spectively, under H2O2-treatment and that the 
combination of these inhibitors induced more 
γH2AX formation and reduce growth of cancer 
cells synergistically. Our findings suggested 
that MET also contributes to PARP1 Y-907 
phosphorylation in HGSOC similar to that in 
TNBC. Therefore, PARP1 p-Y907 has the poten-
tial to serve as a biomarker to stratify TNBC and 
HGSOC patients for METi and PARPi combina-
tion treatment. 

Methods

Chemicals and antibodies

Olaparib, was purchased from Selleck Chemical 
(Houston, TX) and crizotinib was from LC 
Laboratories (Woburn, MA). Fluzoparib (HS10- 
160) and HS10241 were kindly provided by 
Jiangsu Hengrui Medicine Co. Ltd (Shanghai, 
China). All small molecule inhibitors were dis-
solved in dimethyl sulfoxide (DMSO). Hydrogen 
peroxide and antibody detecting actin (#A2066) 
was from Sigma-Aldrich (St. Louis, MO). FITC-
conjugated antibody detecting Ser139 phos-
phorylated-H2AX (#613404) was purchased 
from BioLegend (San Diego, CA). Antibody ag- 
ainst phosphotyrosine (#05-321, clone 4G10) 
was obtained from EMD Millipore (Billerica, 
MA). Antibodies against PARP (#9532), MET 
(#8198) and phosphorylated MET (Tyrosine 
1234/1235) (#3077) were purchased from 
Cell Signaling Technology (Danvers, MA). 
Antibody against PARP1 p-Y907 was kindly pro-
vided by China Medical University (Taichung, 
Taiwan) [34]. Mounting buffer for immunofluo-
rescence imaging containing DAPI was pur-
chased from Electron Microscopy Science 
(Hatfield, PA).

Cell culture 

All cells lines, except SUM149, were purchased 
from ATCC (Manassas, VA) and were incubated 
in Dulbecco modified Eagle medium (DMEM)/
F12 medium supplemented with 10% fetal 
bovine serum (FBS), 100 units/mL penicillin, 
and 100 mg/mL streptomycin, or in Hyclone 
DMEM/high glucose medium with 15% FBS, 
100 units/mL penicillin, and 100 mg/mL strep-
tomycin. SUM149 cell line was purchased from 
Asterand Biosciences (Detroit, MI) and main-
tained in F12K medium supplied with 5% FBS, 

10 mM HEPES, 1 mg/ml hydrocortisone, 5 µg/
ml insulin, 100 units/mL penicillin, and 100 
mg/mL streptomycin. Cell lines were validated 
by STR DNA fingerprinting using the AmpF_STR 
Identifiler kit according to manufacturer’s inst- 
ructions (Applied Biosystems cat 4322288). 
The STR profiles were compared to known ATCC 
fingerprints (ATCC.org), and to the Cell Line 
Integrated Molecular Authentication database 
(CLIMA) version 0.1.200808 (http://bioinfor-
matics.istge.it/clima/) [37] and matched 
known DNA fingerprints.

Western blot analysis

Cells were lysed in radioimmunoprecipitation 
assay (RIPA) buffer (20 mM Tris-HCl, pH 7.5, 
150 mM NaCl, 1 mM Na2EDTA, 1 mM EGTA, 1% 
NP-40, 1% sodium deoxycholate, 2.5 mM sodi-
um pyrophosphate, 1 mM β-glycerophosphate, 
1 mM Na3VO4, 1 µg/ml leupeptin) containing 
protease inhibitors (bimake.com) and phospha-
tase inhibitors (biotool.com). Protein concentra-
tions of the lysates were determined by using 
Pierce BCA protein assay kit (Fisher PI-23227) 
following manufactory’s protocol. Total protein 
(30 µg) was electrophoresed in a 10% Bis-Tris 
SDS PAGE gel and transferred to a polyvinyli-
dene difluoride (PVDF) membrane (Life Tech- 
nologies). The PVDF membranes were hybrid-
ized with primary antibodies overnight at 4°C 
after blocking in either 5% non-fat milk or 4% 
BSA. Excess antibodies were washed off with 
TBST buffer (50 mM Tris-Cl, pH 7.5, 150 mM 
NaCl, 0.05% Tween-20). The membranes were 
then subjected to hybridization with secondary 
antibodies, either anti-mouse-HRP or anti-rab-
bit-HRP (e Bioscience), for one hour at room 
temperature, and imaged by using ECL reagents 
(Bio-Rad Laboratories) and ImageQuant LAS 
4010 (GE Healthcare). 

Confocal microscopy analysis of γ-H2AX foci

Cells were incubated on chamber slides 
(Labtek, Scotts Valley, CA) overnight before 
treated with indicated chemicals for 18 h. After 
washing with ice-cold phosphate-buffered 
saline solution (PBS), cells were fixed with 4% 
paraformaldehyde in PBS (pH 7.4) containing 
0.03 M sucrose for 20 min on ice. The samples 
were then permeabilized with 0.2% triton 
X-100/PBS, washed with PBS, and blocked for 
15 min in 5% bovine serum albumin in PBS. 
Samples were then incubated with FITC-
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conjugated γ-H2AX antibodies on shaker over-
night in 4°C and washed three times with PBS 
for 15 min on shaker each time. Samples were 
mounted in DAPI-containing mounting buffer 
for 30 min and then subjected to confocal 
microscopy analysis (LSM 710 laser-scanning 
microscope; Carl Zeiss, Thornwood, NY). The 
ZEN and ImageJ software (NIH, Bethesda, MD) 
were used for data analysis. Cells were counted 
by using DAPI signal, and cells with more than 
two γH2AX foci were counted as γH2AX 
positive.

Colony formation assay

Cells were seeded in 24-well plates at a density 
of 4,000 cells/well for BT-549, 3,000 cells/well 
for MDA-MB-231, 4,000 cells/well for DOV13, 
and 5,000 cells/well for OVCA433. Cells were 
incubated overnight to allow attachment before 
treatment. Inhibitors were diluted into the indi-
cated concentrations in each experiment with 
cell culture medium. Cells were then treated 
with inhibitor-containing medium for 7 days 
before washing with PBS and staining with 
0.5% crystal violet for 4 hours. Excess crystal 
violet was washed off under running tap water 
and images were scanned by using HP Scanjet 
5590. Cell survival was determined by using 
33% acetic acid to extract the color and optical 
density measured at 565 nm.

untreated wells. The half maximal inhibitory 
concentration (IC50) was calculated from MTT 
assay using the GraphPad Prism 8.0 software. 
The Chou-Talalay combination index (CI) was 
calculated by using Compusyn software (www.
combosyn.com) with cell survival data from 
MTT assay. Drug combinations were designed 
using constant ratio of two inhibitors following 
the suggestions from the Compusyn program 
[38, 39].

Statistical analysis

All bar graphs were illustrated and analyzed by 
using GraphPad Prism 8.0 and statistics ana-
lyzed using the Student’s t test. A p value < 
0.05 was considered statically significant. 

Results

HS-10160 inhibits H2O2-induced PARylation in 
TNBC and HGSOC cells

The major function of PARPi is to inhibit 
PARylation of PARP or its recruitment of sub-
strate proteins [40]. Since the capacity of 
HS10160 to inhibit DNA damages-induced 
PARylation has not been well documented in 
the literature, we tested this activity in two 
TNBC cell lines (MDA-MB-231 and BT549) and 
two HGSOC cell lines (DOV13 and OVCA433). 

Figure 1. HS10160 inhibits H2O2-induced PARylation in TNBC and HGSOC 
cell lines. Human TNBC cells (BT549 and MDA-MB-231) and HGSOC cells 
(DOV13 and OVCA433) were treated with indicated concentrations of PARP 
inhibitor HS10160 for 3 h prior to 30 min 20 mM H2O2 treatment. Cells 
were then subjected to Western blot analysis to determine PARylation (PAR) 
and PARP1 expression. Actin were used as protein quantity loading control 
among different samples.

MTT assay and calculation of 
combination index (CI) calcu-
lation of drug synergy

For MTT assay, MDA-MB-231 
cells (3,000 cells per well), 
BT-549 (3,500 cells per well), 
DOV13 (4,000 cells per well), 
and OVCA433 (5,000 cells per 
well) were seeded in 96-well 
plate and incubated overnight 
before treatment. Cells were 
treated with inhibitors either 
alone or in combination as 
indicated for 3 days. MTT was 
added into each well at a final 
concentration of 0.5 µg/ml 
and incubated with cells for 30 
minutes before formazan was 
extracted by using DMSO. Cell 
survival was calculated by 
measuring the optical density 
at 590 nm of each well and 
normalized to that of the 
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Because PARP is activated by oxidative stress-
induced DNA damages, we induced the DNA 
damage by treating cancer cells with H2O2 and 
assessed the effect on PARylation of cellular 
proteins by Western blot analysis. As expected, 
H2O2 treatment induced PARylation in the four 
cell lines tested, and the level of PARylation 
was reduced by HS10160 treatment in a dose-
dependent manner (Figure 1). In TNBC cells, 
HS-10160 substantially inhibited PARylation at 
a concentration of 2.5 µM in MDA-MB-231 and 
625 nM in BT-549 (Figure 1A, 1B). HS-10160 
also significantly inhibited PARylation in HGSOC 
at a concentration of 5 µM in Ovca433 and 625 
nM in DOV13 (Figure 1C, 1D). In addition, we 
found that 2.5 µM of the well-studied PARPi, 
olaparib, markedly inhibited PARylation under 
the same H2O2 stimulation condition in MDA-
MB-231 cell (Figure S1). Our data suggested 
that HS-10160 can inhibit PARP1 activity effi-
ciently in both TNBC and HGSOC cells and that 
its PARylation inhibition efficacy is comparable 
to that of olaparib. 

HS-10241 inhibits H2O2-induced MET activa-
tion in both TNBC and HGSOC cells

MET can be activated by cellular oxidative 
stress such as H2O2, and MET activation is indi-
cated by its Y1230/1234/1235 phosphoryla-
tion [41]. To investigate whether HS-10241 

cell (Figure S2). HS-10241 (5 µM) sufficiently 
inhibited more than 90% of p-MET in OVCA433 
cell whereas a much higher concentration of 
40 µM was required in DOV13 for the same 
effect (Figure 2C, 2D). These data suggested 
that HS-10241 inhibits oxidative stress-induced 
MET activation effectively in TNBC with concen-
tration around 2.5-5 µM and the dose may vary 
by a larger range in HGSOC. It is likely that 
DOV13 may associate with unknown mecha-
nism that is insensitive to HS-10241. By com-
paring the p-MET inhibitory effect of HS-10241 
and crizotinib, we concluded that HS10241 
exhibits inhibition efficacy similar to that of 
crizotinib in MDA-MB-231 cells. 

Combination of HS-10160 and HS-10241 
increases DNA double-strand breaks and in-
duces cytotoxicity synergistically in TNBC and 
HGSOC cells

In theory, the use of PARPi increases the bur-
den of unrepaired DNA double-strand breaks in 
cancer cells and specifically eliminates cells 
that cannot repair DNA breaks efficiently. 
Serine 139-phosphorylated histone H2AX 
(γH2AX) is a crucial component of DNA damage 
repair signaling cascade that is mediated by 
DNA double-strand break repair kinases, such 
as DNA-PK, ATM, and ATR [42]. Therefore, 
γH2AX is used as an indicator of cells bearing 

Figure 2. HS10241 suppresses H2O2-induced MET activation in TNBC and 
HGSOC cells. Indicated cells were treated with HS10241 at different con-
centrations for 3 h before exposed to 20 mM H2O2 for 20 min. Cells were 
then harvested for Western blot analysis with indicated antibodies. Activat-
ed MET was indicated by the phospho-Y1234/Y1235 MET (p-MET). Actin 
were used as protein quantity loading control among different samples. 

inhibits H2O2-induced MET ac- 
tivation as it has been demon-
strated with crizotinib and 
selective METi SU11274 in 
previous publications [34, 41], 
we treated the TNBC and 
HGSOC cell lines with HS- 
10160 and H2O2 followed by 
detection of MET activation 
(Y1234/1235 phosphorylated 
MET, p-MET) by Western blot 
analysis. As predicted, H2O2 
increased the levels of p-MET, 
which decreased gradually 
with increasing concentrations 
of HS10241 (Figure 2). In 
TNBC cells, HS-10241 sub-
stantially inhibited p-MET at 
concentrations lower than 2.5 
µM in two cell lines tested 
(Figure 2A, 2B). Crizotinib, at a 
2.5 µM is enough to inhibit 
MET activation in MDA-MB-231 
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Figure 3. Combination of HS10241 and HS10160 induces formation of double strand DNA breaks and eliminate cancer cell synergistically. A-D. Double strand 
DNA breaks are indicated by measuring γ-H2AX foci through the use of immunofluorescence staining and confocal microscope. Cells indicated were treated with 
HS10160 (10 µM) and HS-10241 (10 µM) alone or in combination for 18 h before immunofluorescence staining. Representative images of γ-H2AX are shown. Per-
centages of treated cells containing γ-H2AX foci (γH2AX positive) were summarized from counting 100 cells in each samples. Cells treated with 20 mM H2O2 for 20 
min were used as positive control of γH2AX induction. Histograms shown represent mean and standard deviations among 3 repeats. E-H. Synergism was assessed 
by the Chou-Talalay method. Cells were treated with various concentrations of HS10241 and HS10160 either alone or in combination. Cell survival is measured by 
using MTT assay. The combination index (CI) for each pair of agents in each cell line were calculated and plotted by using the Compusyn software.
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un-repaired DNA breaks [43]. To investigate 
whether the combination of HS-10241 and 
HS-10160 enhances the burden of un-repaired 
double-strand breaks in TNBC and HGSOC 
cells, we examined γH2AX foci by immunofluo-
rescence staining in cells treated with 
HS-10160, HS-10241, or the combination. In 
these experiments, TNBC and HGSOC cells 
were treated with 20 mM H2O2 to verify their 
capability of γH2AX induction in response to 
severe DNA damages. As expected, all cells 
treated with H2O2 showed positive H2AX foci 
signaling in a majority of the cells (Figure 3A-D, 
bottom rows and white histograms). γH2AX was 
detected only in a small population of cells 
treated with either HS-10160 or HS-10241 
alone (around 5% in TNBC cells and 2% in 
HGSOC cells), indicating that both inhibitors 
cannot induce significant double-strand breaks 
in a majority of the treated cells (Figure 3A-D, 
second and third rows, blue and green histo-
grams). However, the combination of HS-10160 
and HS-10241 induced substantially more 
γH2AX formation in TNBC cells (by more than 
50%) and higher γH2AX positive population in 
HGSOC cells (around 10%) (Figure 3A-D, fourth 
row and red histograms). 

We further determined the synergism of HS- 
10241 and HS10160 in both TNBC and HGSOC 

160 has synergistic cell killing effects in the 
TNBC and HGSOC cells tested. 

PARP1 p-Y907 as biomarker for HS-10160 and 
HS-10241 combination treatment in TNBC and 
HGSOC cells

Previous publication indicates that PARP1 
Y907 is phosphorylated by p-MET, and the 
PARP1 p-Y907 has lower affinity to PARPi than 
Y907 un-phosphorylated PARP1 and has higher 
efficiency in mediating DNA damage repair 
[34]. Therefore, PARP1 p-Y907 is a suitable bio-
marker for indicating p-MET induced PARPi 
resistance in TNBC [34]. To examine whether 
PARP1 p-Y907 can also be a biomarker of MET-
mediated PARPi resistance in HGSOC and the 
potential of using HS-10241 to overcome it, we 
measured H2O2 induced PARP1 p-Y907 forma-
tion and its reduction caused by HS-10241 
treatment in TNBC and HGSOC cell lines. By 
using Western blotting, we found that H2O2 can 
induce PARP1 p-Y907 in both HGSOC lines test-
ed (Figure 4A-D). As expected, the use of 
HS-10241 effectively inhibits p-MET as well as 
decreases PARP1 p-Y907 in both TNBC and 
HGSOC cells (Figure 4A-D). These data suggest 
that PARP1 p-Y907 is also mediated by MET  
in HGSOC. Further, our data suggest that 
HS-10241 is potent for overcoming MET-

Figure 4. HS10241 suppresses PARP1 p-Y907 in TNBC and HGSOC cells. 
Cells were treated with either 5 µM or 10 µM HS10241 (as indicated) for 
3 h before 20 mM H2O2 treatment. Cells were then harvested for detecting 
PARP p-Y907 and PARP1 expression by using Western blotting analysis. Ac-
tin were used as protein quantity loading control among different samples. 

cell lines using the Chou-
Talalay combination index (CI) 
method to. In general, a CI in 
the range of 0.8-1.2 indicates 
additive effect between inhibi-
tors; < 0.8 indicates synergism 
between inhibitors; and > 1.2 
represents antagonistic effect 
between inhibitors [44]. Our 
data showed that in MDA-
MB-231 and DOV13 cells, the 
CI was lower than 0.3 at con-
centrations that killed more 
than 40% of the cells (Fa > 0.4) 
(Figure 3E, 3G). In BT-549 
cells, the CI was generally 
between 0.5-1 with different 
cell killing effects (Fa 0.05-
0.95; Figure 3F). In OVCA433 
cell, CI ranged from 0.7 to 0.3 
with increasing cell killing 
effects (Fa 0.5-0.95; Figure 
3H). Taken together, our data 
demonstrated that the combi-
nation of HS10241 and HS10- 
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induced PARPi resistance in both TNBC and 
HGSOC.

Discussion

In the current study, we specifically chose PARPi 
and METi developed by the same pharmaceuti-
cal company for this study as this strategy may 
facilitate the translation process from research 
institute to clinical trial studies. We confirmed 
that, compared to BRCA mutated, PARPi-sen- 
sitive-SUM149 cell, the cell lines we chose for 
this study are resistant to HS10160 (Figure S3). 
However, the sensitivity of the cells to HS10241 
are similar (Figure S4). In this study, we con-
firmed that HS-10160 inhibited PARylation of 
PARP1 and HS-10241 inhibited MET activa- 
tion effectively in both non-BRCAm TNBC and 
HGSOC cells (Figures 1 and 2). By treating the 
cancer cells with the inhibitor alone or in combi-
nation, we concluded that combination of HS- 
10160 and HS-10241 is suitable to overcome 
MET-induced intrinsic PARPi resistance by dem-
onstrating the synergistic effect between these 
two drugs (Figure 3). Moreover, our data indi-
cated that PARP1 p-Y907 has the potential to 
serve as biomarker to stratify patients with 
non-BRCAm TNBC and HGSOC for this combina-
tion treatment (Figure 4). 

In preclinical studies, BRCAm is not the only fac-
tor affecting PARPi sensitivity. The sensitivity to 
PARPi can be independent of BRCAm status 
[45]. The observed synergism in BRCA wild-
type cancer cells reported in this study is con-
sistent with our previous findings that MET-
mediated resistance to PARPi is independent of 
BRCA protein expression [34, 35]. Expanding 
from our previous findings on the use of METi to 
overcome PARPi resistance in TNBC, we dem-
onstrated in this study that PARP1 p-Y907 can 
be a biomarker to indicate MET-mediated PARPi 
resistance in both cancer types tested. Taking 
into consideration of the reported PARP1 
p-Y907 as a biomarker in indicating PARPi 
resistance in liver cancer [35], we proposed 
that PARP1 p-Y907 can serve a biomarker that 
can be applied to multiple cancer types as well 
as a reference guide for precision METi/PARPi 
combination therapy.

Using METi as an example, our findings sug-
gested that PARPi can be applied to treat TNBC 
and HGSOC in combination with kinase inhibi-
tor to increase double-strand DNA damage bur-

dens in cancer cells and thus enhance the 
therapeutic efficacy. Since MET is not the only 
oncogenic kinase in human cancers [46], the 
combination of PARPi with other kinase inhibi-
tors may be potential therapeutic strategies in 
both preclinical and clinical studies [47]. 
However, only a few PARPi and kinase inhibitor 
combinations have moved into Phase II/III clini-
cal trials swiftly [47]. Therefore, biomarkers are 
needed to evaluate the contribution of specific 
kinase activation in PARPi resistance in order 
to better stratify patients. With the urgent need 
of precision targeted therapy, we demonstrated 
that MET and PARP1 p-Y907 as a model in 
which a single biomarker can be applied to mul-
tiple cancer types. 
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Figure S1. H2O2-induced PARylation is inhibited by olaparib. MDA-MB-231 cells were treated with olaparib at indi-
cated concentration for overnight and subjected to 20 mM H2O2 treatment for 20 min. Cells were then harvested for 
Western blotting analysis for detecting PARylation (PAR) and PARP1 expression. Actin were used as protein quantity 
loading control among different samples.

Figure S2. H2O2-induced MET activation is inhibited by crizotinib. MDA-MB-231 cells were treated with crizotinib at 
indicated concentration for 3 h before subjected to 20 min, 20 mM H2O2 treatment. Cells were then harvested for 
Western blotting analysis for detecting p-Y1234/1235 MET (p-MET) and MET expression. Actin were used as protein 
quantity loading control among different samples.
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Figure S3. Cytotoxicity of HS-10160 in TNBC and HGSOC. Cells indicated were treated with different concentrations 
of HS10160 for 3 days before cell survival were measured by using MTT assays. Data from un-treated group were 
used as 100% survival to normalize survival rate in response to different HS-10160 concentrations. Mean ± S.E.M. 
were plotted and interpolated curve is generated by using GraphPad Prism 8 with asymmetric sigmoidal curve.
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Figure S4. Cytotoxicity of HS-10241 in TNBC and HGSOC. Cells indicated were treated with different concentrations 
of HS10241 for 3 days before cell survival were measured by using MTT assays. Data from un-treated group were 
used as 100% survival to normalize survival rate in response to different HS-10160 concentrations. Mean ± S.E.M. 
were plotted and interpolated curve is generated by using GraphPad Prism 8 with asymmetric sigmoidal curve.


