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Abstract 

MUS81 is a key endonuclease involved in homologous recombination (HR) repair after DNA 
double-strand damage. Structure-specific endonucleases (SSEs) plays a crucial role in DNA replication, 
repair and transcription, and SSEs are also important for maintaining the secondary structure of DNA; 
therefore, their activity must be precisely controlled to ensure genome stability. We previously described 
that MUS81 expression was significantly correlated with CyclinB expression based on protein microarray 
analysis. CyclinB is a cell-cycle regulatory protein that has been shown to be involved in the activation of 
DNA damage repair checkpoints by inducing G2/M phase arrest, promoting apoptosis, and participating 
in the regulation of chemotherapeutic drug sensitivity by inducing nuclear degradation, as shown by 
immunofluorescence assays. In this study, MUS81-downregulated cells were generated using 
lentivirus-mediated RNAi. Our results demonstrated that the inhibition of MUS81 expression activated 
the CHK1 and CyclinB signaling pathways and sensitized ovarian cancer cells to X-ray and Olaparib 
treatment both in vitro and in vivo. MUS81 may be a potential therapeutic target for epithelial ovarian 
cancer (EOC). 
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Introduction 
Ovarian cancer is a common gynecological 

malignancy with high mortality according to cancer 
statistics from 2018[1]. EOC is the most common 
pathological type of ovarian cancer, and it has a high 
recurrence rate. Presently, there is not only a lack of 
specific diagnostics for ovarian cancer, but also an 
absence of effective treatment for patients with 
recurrent ovarian cancer [2]. Although platinum and 
paclitaxel are the most commonly used 
chemotherapeutic regimens for the treatment of EOC, 
their therapeutic effects are limited due to the 
emergence of drug resistance after the tumor recurs. 
Fortunately, extensive progress has been made in 
molecular targeted therapy with the emerging 

development of novel target-specific drugs as the 
research on the mechanisms of tumorigenesis and 
progression grows.  

MUS81 is a key molecule that participates in 
homologous recombination repair. It is a highly 
conserved gene encoding a structure-specific DNA 
endonuclease [3, 4]. As a structure-specific 
endonuclease, MUS81 is involved in cell cycle 
regulation and regulates the DNA damage repair 
process. During S phase of the cell cycle, WEE1 
inhibits the association and function of the 
MUS81-SLX4 complex, and SLX4 cooperates to 
activate MUS81 during M phase [5]. In the context of 
DNA double-strand breaks, MUS81 maintains 
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genome stability by forming a heterodimer with 
Eme1/Mms4 and resolving the Holliday junction (HJ) 
[6]. Maintenance of genomic stability is essential for 
normal development, cell homeostasis and tumor 
suppression [7]. Genomic stability relies on the precise 
execution of DNA replication, chromosome 
segregation, DNA repair and genomic monitoring 
mechanisms, and their integration with cell cycle 
progression and other processes. The regulation of 
DNA repair by the cell cycle is largely the result of 
chromatin changes that occur during DNA 
replication, compression, and dissociation that allow 
cells to divide properly [8]. CyclinB participates in G2 
/ M checkpoint initiation during mitosis [9]; 
additionally, at the end of mitosis, CyclinB1 is 
prompted to degrade the complex, allowing cells to 
complete the replication cycle [10]. The activation of 
CyclinB is related to the phosphorylation status of 
CDC25c, CDK1 and other molecules [11]. At the same 
time, CDK25c and p21 are regulated by CDK25c and 
p21, which is a downstream molecules of ATM/ATR 
[12]. 

Our previous studies confirmed that MUS81 is 
highly expressed in epithelial ovarian cancer and that 
its expression was negatively associated with the 
sensitivity to platinum drugs [13]. It was previously 
found that the inhibition of MUS81 increased 
susceptibility to PARP inhibitors through HR 
deficiency at the cellular level [14]. Using a protein 
ChIP assay, we identified a significant correlation 
between MUS81 and CyclinB, which has not been 
fully elucidated. In this study, we further explored the 
role of MUS81 and CyclinB in regulating the 
therapeutic sensitivity of ovarian cancer. 

Materials and Methods 
Cell lines 

Human ovarian cancerA2780 and SKOV3 cells 
were purchased from the Chinese Academy of 
Sciences Committee (Shanghai, China). Both cell lines 
were cultured in RPMI-1640 medium supplemented 
with 10% fetal bovine serum (FBS) and 1% 
penicillin-streptomycin. Cells were incubated at 37°C 
in a humidified atmosphere with 5% CO2. 

Cells treated with X-ray 
Cells were seeded in six-well plates at a density 

of 3×105 cells per well. A2780 and SKOV3 cells were 
irradiated by X-ray (dose rate: 200ε Gy/min, dose: 2 
Gy/4 Gy/6 Gy, field: 20×20 cm), and a well without 
X-ray irradiation was used as a control. Then, the cells 
were cultured for 24 hours. Cells were collected and 
lysed for total protein extraction using IP lysis buffer 
(Beyotime Biotechnology, Shanghai, China). The 
expression of MUS81 and CyclinB and other protein 

molecules were measures by Western blotting, and 
pH2AX was used as an indicator of double-strand 
break repair.  

Western blot 
Total protein was collected as previously 

described. Cell lysates were resolved by SDS-PAGE, 
and proteins were electro transferred to 
polyvinylidene fluoride membranes (Millipore, USA). 
The PVDF membranes were blocked with 10% nonfat 
milk (Solarbio, Beijing, China). The primary 
antibodies used included MUS81 (1:200 dilution, 
Santa Cruz, Texas, USA), β-actin (1:3000 dilution, 
Abcam, MA, USA), pH2AX (1:400 dilution, CST, MA, 
USA), Cyclin B (1:3000 dilution, Abcam, MA, USA), 
CHK1 (1:200 dilution, Santa Cruz, Texas, USA), 
CDC25C (1:200 dilution, Santa Cruz, Texas, USA ) , 
pCHK1(1:1000 dilution, CST, MA, USA), 
pCDC25C(1:1000 dilution, CST, MA, USA), 
RAD51(1:3000 dilution, Abcam, MA, USA), 
BCL2(1:3000 dilution, Abcam, MA, USA), and BAX 
(1:3000 dilution, Abcam, MA, USA). 

 

Table 1. Sequences of primers and targets 

Primers/targets Sequences 
MUS81 qRT-PCRforward 5’-CTGAAGCGCTGTGGTCTG-3’ 
MUS81 qRT-PCR reverse 5’-AGTGTTGGTGACAGCCTG-3’ 
β-actin qRT-PCR forward 5’-AAGGTGACAGCAGTCGGTT-3’ 
β-actin qRT-PCR reverse 5’-TGTGTGGACTTGGGAGAGG-3’ 
CyclinB qRT-PCR forward 5’-TCTGGATAATGGTGAATGGACA-3’ 
CyclinB qRT-PCR reverse 5’-CGATGTGGCATACTTGTTCTTG-3’ 
Cdc25C qRT-PCR forward 5’-GAAGCATCTGAGCAGTCCCATTAC-3’ 
Cdc25C qRT-PCR reverse 5’-CTGGCACCGTTGGCAGCACAC-3’ 
shMUS81-1 5’-ACACTGCTGAGCACCATTAAG-3’ 
shMUS81-2 5’-GCAGCCCTGGTGGATCGATAC-3’ 
shCtrl (scrambled sequence) 5’-CCTAAGGTTAAGTCGCCCTCG-3’ 

 

Establishment of MUS81 downregulated cell 
lines  

A MUS81 lentivirus expressing a specific RNAi 
interference sequence was first designed. The 
nucleotide sequences were cloned into the AgeІ and 
EcoRІ sites of a pLKO.1-puro vector (Addgene, MA, 
USA) to generate the pLKO.1-puro-MUS81 
(shMUS81-1 and shMUS81-2) and pLKO.1-puro- 
control (shCtrl) (Table 1) recombinant vectors. 
Lentiviruses were packaged by transfecting 293T cells 
with the described lentivirus recombinant vectors, the 
packaging plasmid psPAX2, and the envelope vector 
pMD2.G (Addgene, MA, USA) using Lipofectamine 
2000 transfection reagent (Invitrogen, CA, USA). 
Culture medium containing lentiviral particles was 
collected after 48 hours. Ovarian cancer cells were 
transfected with 1×106 IFU/ml lentivirus in 8 mg/ml 
Polybrene (Sigma-Aldrich, MO, USA) for 24 hours. 
Stably transfected cells were selected using 1 mg/ml 
puromycin (Sigma-Aldrich, MO, USA) for 7 days, and 
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the RNAi knockdown efficiency was verified by 
Western blot. 

Quantitative RT-PCR 
Preparation of the MUS81 down-regulated cell 

lines. RNA was isolated from cells using TRIzol® 
reagent (Thermo Fisher Scientific, Shanghai, China) 
and reverse transcribed using a PrimeScript® RT 
reagent Kit (TaKaRa, Shiga, Japan) according to the 
manufacturer’s protocol. RT-PCR was performed in a 
10 µl reaction solution containing 10 ng cDNA, 0.1 
mmol/l primer (Table 1), and 5 ml 2xSYBR Premix Ex 
Taq (TaKaRa, Shiga, Japan). PCR amplification was 
performed at 95°C for 5 minutes, followed by 40 
cycles at 95°C for 15 seconds, and 65°C for 40 sec, 
using a Mastercycler® ep realplex (Quantstudio dx, 
Thermo Fisher Scientific). The MUS81, CyclinB and 
Cdc25C transcript abundances were expressed 
relative to β-actin as a control. 

Cell cycle and apoptosis assay 
Cells were seeded onto six-well plates at a 

density of 4×105 cells per well and were then 
irradiated with X-ray (dose rate: 200ε Gy/min, dose: 4 
Gy, Field: 20×20 cm). To examine apoptosis, 1×105 
cells were collected and washed twice with 4°C PBS. 
Then, the cells were resuspended in 1×Annexin V 
binding buffer and stained with propidium iodide 
(PI) and Annexin V according to the instructions of 
the Annexin V-fluorescence apoptosis detection kit I 
(BD Biosciences PharMingen, USA). For cell cycle 
analysis, transduced cells were harvested, fixed in 
70% alcohol overnight at 4°C and then incubated with 
500 ml of PI (BD Pharmingen™, USA) for 15 minutes 
in the dark. Finally, apoptosis and the cell cycle were 
analyzed by flow cytometry (BD, Caliburn), and the 
assays were repeated three times. 

In vivo experiments 
BALB/c mice that were 5-8 weeks old were 

selected, and their body weight was approximately 
18-20 g. The in vivo experiments with shCtrl and 
shMUS81-1 A2780 cells were performed as previously 
described. On day 0, ovarian cancer cells were 
injected subcutaneously into the back or flank, 
respectively, of the mice. The tumor size and weight 
of the mice were measured daily. When the calculated 
tumor volume reached approximately 1.0-1.2 cm3, 
mice were grouped and subjected to the first 
treatment. Experimental groups (5 mice/group) were 
administered Olaparib (50 mg/kg) daily for one 
week. Control mice (5 mice/group) were treated in 
the same way as the experimental mice, but were not 
given Olaparib. Tumor tissue was recovered on day 7 
after the completion of Olaparib administration (three 
weeks after the start of the experiment). The 

expression of MUS81 and CyclinB were determined 
by measuring protein levels in the tumor tissue 
samples. 

Immunohistochemistry  
Immunohistochemistry (IHC) was performed 

using an anti-MUS81 mouse monoclonal antibody, 
diluted with PBS at 1:50 (Abcam, MA, USA). In brief, 
each section (4-μm-thick) was dewaxed and hydrated, 
followed by inhibition of endogenous peroxidase 
activities with methanol containing 0.3% H2O2. After 
antigen retrieval and cooling down, the sections were 
blocked with 1% BSA and incubated overnight at 4 °C 
with primary antibody. On the second day, the 
sections were incubated with HRP-conjugated 
secondary antibody (Shanghai Long Island Biotech, 
Shanghai, China) for 1 h at room temperature, 
followed by treatment with diaminobenzidine and 
counterstaining with hematoxylin.  

Immunofluorescence  
For immunofluorescence studies, 5×105 cells 

were seeded in 24-well plates on glass coverslips. 
Olaparib (5 μmol/l) was added to cells, and a well 
without Olaparib addition was used as a control. The 
cells were cultured for 48 hours. After the cells 
adhered, they were washed with PBS and fixed with 
4% formaldehyde at room temperature. The slides 
with the fixed cell slides were washed with PBS, and 
then methanol and acetone were added at a 1:1 ratio, 
which was followed by blocking with 1% BSA. The 
cells were then incubated with antibodies against 
MUS81 (1:200 dilution, Santa Cruz, Texas, USA) and 
CyclinB (1:200 dilution, Abcam, MA, USA) overnight 
at 4°C. After washing, the cells were labeled with 
Alexa Fluor 488-conjugated secondary antibody 
(Invitrogen, CA, USA) and examined under a 
fluorescence microscope (Leica, China, SP5). 

Statistical analysis 
Data are presented as the mean ± SD of three 

independent experiments, and SPSS 20.0 software was 
used for statistical analyses. The differences between 
groups were examined by analysis of variance 
(ANOVA) and Student’s t-tests. P<0.05 was 
considered to indicate statistical significance. 

Results 
MUS81 and CyclinB are involved in DNA 
double-strand break repair in epithelial 
ovarian cancer.  

MUS81 is a highly expressed gene in epithelial 
ovarian cancer, and its overexpression is associated 
with poor prognosis and high levels of resistance to 
Olaparib, as shown by Oncomine database analysis 
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(Figure 1A). MUS81 is a key endonuclease involved in 
the homologous recombination repair of DSBs. In this 
study, we established a double-strand break injury 
model by X-ray irradiation and employed pH2AX as a 
marker of double-strand break repair. We showed 
that the protein expression of MUS81 and CyclinB 
gradually increased with increasing irradiation. 
During this process, the CHK1 signaling pathway was 
not activated, the expression of the downstream 
molecule Cdc25C increased and the phosphorylation 
of Cdc25C (Ser-216) was inhibited(Figure 1B). The 
results showed that both MUS81 and CyclinB 
molecules participated in the HR repair pathway and 
regulated the activation of the CHK1 signaling 
pathway of CyclinB. 

Downregulation of MUS81 increases the 
sensitivity of epithelial ovarian cancer cells to 
radiotherapy. 

MUS81 downregulation in A2780 and SKOV3 
cells were performed using a lentivirus-mediated 

method. The expression of CyclinB at the G2/M phase 
checkpoint was detected by Western blotting, and 
CHK1 (Ser-345) and Cdc25C (Ser-216) were not 
activated (Figure 2A). Consistent results were 
observed at the RNA level by RT-PCR (Figure 2B). 
Flow cytometry showed that G1 phase arrest was 
observed after MUS81 downregulation (Figure 2C). 
This result indicated that G1 phase arrested occurred 
after downregulation of MUS81, and the G2/M phase 
checkpoint protein CyclinB was not activated, which 
was consistent with changes in protein levels. Further, 
we performed X-ray irradiation on 
MUS81-downregulated cell lines and found that 
inhibition of MUS81 expression increased the 
sensitivity of epithelial ovarian cancer cells to X-ray. 
Flow cytometry revealed that apoptosis increased and 
the cell cycle arrested at G2/M phase (Figure 3A,B). 
At the protein level, we observed an increase in the 
phosphorylation of CHK1 (Ser345) and Cdc25C 
(Ser216), activation of the G2/M phase checkpoint, 
and inhibition of CyclinB expression (Figure 3C). 

 

 
Figure 1. Overexpression of MUS81 in epithelial ovarian cancer (EOC) and the association with Olaparib sensitivity. (A) Oncomine data analysis for MUS81 in 
ovarian cancer. (a) mRNA expression of MUS81 was overexpressed in ovarian cancer compared to normal ovarian tissue. The data were retrieved from the TCGA database. 
(b) MUS81 was overexpressed in Olaparib-resistant tissues compared to the expression of other groups. The data were retrieved from the Garnett Cell Line database. (B) Both 
MUS81 and CyclinB molecules participated in the HR repair pathway. *P < 0.05. Data are presented as the mean ± SD of three independent experiments. 
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Phosphorylation of CHK1 promotes the increase in 
pCdc25C (Ser216), prevents Cdc25C 
dephosphorylation of Cdc2, and inhibits the 
formation of CyclinB and CDK1 complexes. Cell cycle 

arrest in G2/M phase and cell apoptosis increase the 
sensitivity of MUS81-deficient ovarian cancer to 
radiotherapy. 

 

 
Figure 2. MUS81 regulates CyclinB expression and the cell cycle. (A, B) Lentivirus-mediated RNAi constructs were used to generate the MUS81-downregulated cell 
lines, and increased expression of CyclinB was revealed by Western blotting and qRT-PCR. (C) The effect of MUS81-downregulation on cell cycle distribution. The cell cycle was 
analyzed by flow cytometry, and the data are presented as the mean ± SD of three independent experiments. (*P<0.05, **P<0.01, ***P<0.001). 
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Figure 3. Downregulation of MUS81 increases the sensitivity to X-ray by regulating the CyclinB pathway. (A, B) The effect of X-ray on cell cycle distribution. 
shCtrl and shMUS81 cells were irradiated with 4 Gy X-ray. Cell cycle and cell apoptosis were analyzed by flow cytometry, and the data are presented as the mean ± SD of three 
independent experiments. (C) The effect of X-ray on protein expression. Western blot analysis of MUS81 and CyclinB pathway member expression levels in A2780 cells after 
treatment with 4 Gy X-ray compared to the expression levels of a blank control. β-actin was used as the loading control. The bars (fold change) represent the relative expression 
of the target protein relative to β-actin. 
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Figure 4. Downregulation of MUS81 increases drug sensitivity to Olaparib. (A) Knockdown of MUS81 inhibited tumor growth in vivo. Injection of MUS81 
downregulated A2780 cell lines. Xenografted tumor volume was measured every two days. *P < 0.05, shCtrl vs shMUS81-1.(B) The relative size of the tumor after administration. 
Representative images of xenografted tumors in the four groups. 

 

In vivo experiments confirm the sensitization 
of MUS81-downregulated ovarian cancer to 
Olaparib through CyclinB regulation. 

Previous studies demonstrated that inhibition of 
MUS81 can reduce HR activity and that MUS81-/HR- 
EOC cells are more sensitive to PARP inhibitors than 
wild type ovarian cancer cells in vitro. In the present 
study, we investigated the role of MUS81 in vivo in 
BALB/c nude mice by subcutaneously injecting 
shCtrl and shMUS81-1 cells into mice in the construct 
control and MUS81-deficient ovarian cancer groups, 
respectively. Our results showed that the tumor 
growth rate of the MUS81-deficient mice was 
significantly lower than that of the control group 
(Figure 4A). Olaparib was injected intraperitoneally at 
a dose of 50 mg/kg after the tumor had reached an 
appropriate size (1.0-1.2 cm3). One week after 
treatment, the tumor size of the Olaparib 
drug-resistant MUS81 deficient group was 
significantly higher than that of the control group. No 
tumor growth was observed in the 
chemotherapy-treated group (Figure 4B). Next, we 
sought to investigate the role of MUS81 in Olaparib 
sensitivity and its relationship to activation of the 
CyclinB signaling pathway. The protein expression of 

MUS81 and CyclinB was detected by 
immunohistochemistry, and a comparison with the 
control group was performed. Elevated CyclinB 
expression was observed in the murine 
MUS81-downregulation group, and MUS81 was 
expressed in the cytoplasm. The MUS81- 
downregulation group was more sensitive to 
Olaparib and the CyclinB protein expression was 
significantly lower than that of the control group 
(Figure 5). In this study, in vivo experiments 
confirmed that inhibition of MUS81 can increase the 
sensitivity of epithelial ovarian cancer to Olaparib. In 
BRCA wild-type ovarian cancer, HR defects are 
produced by targeting the inhibition of MUS81, and 
PARP inhibitors are used to avoid platinum drug 
resistance. 

CyclinB regulates sensitivity to radiotherapy 
and chemotherapy through nuclear entry. 

We have found that mus81 regulated the 
chemotherapy sensitivity to Olaparib through the 
activation of the Cyclinb pathway in vivo, and we 
further validated the regulatory mechanisms of 
MUS81 in vitro. According to Western blot analysis, 5 
µmol/l Olaparib inhibited MUS81 expression in 
shCtrl and shMUS81 ovarian cancer cells. The 
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expression of CyclinB in shMUS81 cells was 
significantly reduced compared with that of shCtrl 
cells (Figure 6A). The action of Olaparib promoted the 
phosphorylation of CHK1 and Cdc25C, and G2/M 
phase checkpoint regulated the reduced expression of 
CyclinB. The expression of CyclinB in shCtrl and 
shMUS81-1 cells after Olaparib treatment was also 
detected by cell immunofluorescence. We observed 

that the expression of CyclinB was inhibited by 
activation of the CyclinB pathway in shMUS81-1 cells 
and that CyclinB entered the cell nucleus from the 
cytoplasm (Figure 6B). The activity of nuclear CyclinB 
is relatively weak in comparison to the activity of the 
cytoplasmic protein. These results suggest that 
CyclinB participates in the process of DNA damage 
repair by nuclear translocation. 

 

 
Figure 5. Downregulation of MUS81 increases drug sensitivity to Olaparib through CyclinB regulation. Immunostaining of the MUS81and CyclinB proteins in 
tumor tissues. In the control group, the expression of CyclinB increased after downregulation of MUS81. The expression of CyclinB was suppressed in the treatment group 
compared to that of the control group. 
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Based on the above findings, we concluded that 
inhibition of MUS81 could improve the sensitivity of 
epithelial ovarian cancer to radiotherapy and 
Olaparib treatment and may be associated with the 
CyclinB signaling pathway. Activation of 

phosphorylation of CHK1 and Cdc25C leads to 
CyclinB degradation and thus inhibited the formation 
of CyclinB and CDK1 complexes, arresting the cell 
cycle at G2/M phase and promoting cellular 
apoptosis (Figure 7). 

 

 
Figure 6. The effect of Olaparib on protein expression. (A) Western blot analysis of MUS81 and CyclinB pathway member expression levels in A2780 cells after treatment 
with 5 μmol/l Olaparib compared to that of a blank control. β-actin was used as the loading control. The bars (fold change) represent the relative expression of the target protein 
relative to β-actin. (B) Confocal microscopy revealed the localization of the MUS81 and CyclinB proteins in the shCtrl and shMUS81-1 cells of A2780 cell lines. 
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Figure 7.The signaling mechanism of MUS81 and CyclinB. 

 

Discussion 
Structure-specific endonucleases (SSEs), are 

controlled as a part of genome maintenance pathways 
in eukaryotes, utilizing elaborate mechanisms that 
regulate the members of the major SSE families, 
including the XPF family and MUS81-dependent 
nucleases, and the FEN1, XPG and XPG-like 
endonuclease 1 (GEN1) enzymes, during processes 
such as DNA adduct repair, Holliday junction 
processing and replication stress [15]. Homologous 
recombination repair is strictly regulated by the cell 
cycle; MUS81 specifically cleaves replication forks at 
the HJ, the SLX1-SLX4-MUS81-EME1-XPF-ERCC1 
complex (SMX complex) mediates HJ lysis, and 
MUS81 activity affects sister chromatids. After the 
separation of the later formed homologous 
recombination ultrafine bridges (HR-UFBs) that form 
later, the breakage of cell bridges during cell division 
leads to the activation of DNA damage checkpoints 
[16]. It is critically important that after DNA damage 
is sustained, the cell division of the daughter cells is 
arrest to allow for sufficient repairs, and to prevent  
the production of mutant cells that propagate 
incorrect genetic information. The regulation of 
homologous recombination repair mechanisms is 
influenced by cell cycle-regulated proteins. Our 

previous study found that downregulation of MUS81 
significantly inhibited the activity of HR and caused S 
phase arrest in the proliferation cycle of ovarian 
cancer cells. When HR-deficient ovarian cancer cells 
were treated with X-ray irradiation or Olaparib, 
G2/M cell cycle phase arrest occurred, and initiation 
of apoptosis increased the sensitivity of tumor cells to 
radiotherapy and chemotherapy. CyclinB operates at 
the G2/M transition and during M-phase 
progression. Culligan et al. proposed that after 
gamma irradiation CyclinB was as strongly induced 
as Rad51 after gamma irradiation, which is an 
essential gene for DNA double-strand break repair by 
HR [17]. The transcriptional induction of it was found 
to depend on the Ataxia Telangiectasia Mutated 
(ATM) and ATM- and Rad3-related (ATR) kinases 
that play a central role in sensing and triggering DNA 
damage responses. Consistent with a potential role in 
the DNA damage response, CyclinB1 was found to be 
activated in several mutants that suffered from DNA 
double-strand breaks [18]. In HR-regulated mitosis, 
HR substrates may require the phosphorylation of 
different CDK1-CyclinB1 complexes. The initiation of 
the DNA damage checkpoint requires the CHK1/2 
regulation. We verified by Western blot that 
MUS81-downregulation ovarian cancer cells initiated 
cell cycle damage repair detection via CHK1. A 
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downstream molecule of CHK1 is CDC25C, and it 
was found that CHK1 and CDC25C participated in 
the activation and regulation of signaling pathways 
via phosphorylation. 

Previous studies have suggested that the 
inhibition of MUS81 activity could affect the 
sensitivity of colon cancer to chemotherapeutic drugs 
through activation of the CHK1 pathway [19]. Human 
CHK1 is a recently identified homologue of the 
Schizosaccharomyces pombe checkpoint kinase gene, 
which is required for G2 arrest in response to DNA 
damage [20, 21]. CHK1 phosphorylates the 
dual-specificity phosphatase CDC25C at Ser-216, and 
this may be involved in preventing CDC25 from 
activating CDC2/CyclinB and initiating mitosis [22]. 
CHK1 binds to CDC25C and phosphorylates CDC25C 
at Ser-216, which results in the 14-3-3 protein binding 
to CDC25C [23]. The Ser-216 site of CDC25C is the 
target of DNA damage repair checkpoints. In this 
study, we found that MUS81-deficient ovarian cancer 
was associated with increased sensitivity to X-ray 
irradiation and Olaparib treatment, and the CHK1 
signaling pathway-related proteins underwent a 
significant changes, and CDC25 phosphorylation 
prevents the dephosphorylation of CDC2, resulting in 
inactivation of CDC2 kinase and preventing cell cycle 
entry into mitosis. An essential step in the cell cycle 
transition from G2 to mitosis includes the activation of 
the cell division cycle protein 2 (Cdc2)/cyclin B 
complex[24].Therefore, Cdc2/cyclin B activity was 
inhibited and cells were arrested in G2/M phase. The 
cyclinB1/Cdk1 complex regulates mitotic progression 
by translocating to the nucleus [25, 26]. Recent work 
unveiled novel mechanisms that governed the 
localization of cyclinB1/Cdk1 and its regulator 
Cdc25C [27-29]. 

PARP inhibitors such as Olaparib are currently a 
novel targeted drugs for the treatment of 
BRCA-mutant ovarian cancer. The use of an HR repair 
defect mechanism leads to cell cycle arrest and 
apoptosis [30]. Inhibition via gene targeting inhibition 
in BRCA-proficient tumors in combination with 
Olaparib could result in a synergistic increase in DNA 
damage and G2/M cell-cycle checkpoint defects, 
which may allowed cells to enter mitosis despite the 
accumulation of DNA damage, ultimately causing 
mitotic catastrophe [31]. In previous studies, 
inhibition of MUS81 was observed at the cellular 
level. Inhibition of MUS81 significantly inhibited HR 
activity and increased the sensitivity of epithelial 
ovarian cancer to Olaparib. Furthermore, in this 
study, we demonstrated that MUS81-deficient 
ovarian cancer regulated the G2/M phase checkpoint 
protein CyclinB by activating the CHK1 signaling 
pathway, which in turns, increased the sensitivity of 

ovarian cancer cells to radiotherapy and Olaparib 
treatment. This represents a new use for Olaparib in 
the treatment of non-BRCA mutant ovarian cancer. By 
inhibiting of the expression of the MUS81 gene, the 
activity of HR is affected, thereby improving the 
treatment effect of Olaparib. An inhibitor of MUS81 
developed by the Masaryk University Mgr. Lumír 
Krejčí, Ph.D research team is in the clinical trial stage, 
and could be used in the future to address issues with 
ovarian cancer treatment. 

This study investigated a mechanism of targeted 
suppression of epithelial ovarian cancer, in which 
MUS81 regulated DNA damage repair and cell cycle 
checkpoints. In many contexts, MUS81 may be used 
as a novel target in EOC and may provide a new 
insight for the targeted-specific treatment of ovarian 
cancer. Further studies are warranted to elucidate the 
effect of MUS81-targeted inhibition combined with 
PARP inhibition in vivo, in vitro and in future clinical 
trials. 
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