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ABSTRACT

Objective: Poly (ADP-ribose) polymerase (PARP) is an important molecule in the early stress
response of DNA damage, which is involved in DNA damage repair and cellular senescence.
Olaparib, as PARP inhibitor, has an anti-tumor effect on high grade serous ovarian cancer,
but its effects on cellular senescence have not been reported. This study intends to explore
the role of olaparib in the regulation of senescence in ovarian cancer cells.

Methods: The effects of olaparib on the senescence of ovarian cancer cells were detected

by using the senescence-associated -galactosidase (SA-B-Gal) and senescence-associated
heterochromatin aggregation (SAHF). Quantitative real-time polymerase chain reaction

was used to analyze the senescence-associated secretory phenotype (SASP). Cell cycle and
apoptosis were detected by flow cytometry. The effect of olaparib on tumor growth was
analyzed in a nude mouse xenograft transplantation model.

Results: Long-term (6 days) treatment with olaparib (5 pM) significantly inhibited the growth
of ovarian cancer cells, leading to arrest the cell cycle at GO/G1 phase, significant increase the
number of positive SA-B-Gal stained cells and positive SAHF cells. The expression of P16 and
retinoblastoma protein (p-RB) were significantly enhanced in SKOV3 cells under olaparib
treated, meanwhile, the expression of P53 and p-RB were upregulated in A2780 cells. In
OVCAR-3 cells, the expression of P53 was downregulated and p-RB was upregulated. Mice
with SKOV3 xenograft transplantation was given olaparib (10 mg/kg/day) via abdominal cavity
administration, the tumor volume was reduced (p<0.01).

Conclusion: Continuous low dosage administration of olaparib induced senescence under
P16 or P53 dependent manner in ovarian cancer.

Keywords: Olaparib; Senescence; Ovarian Neoplasms

INTRODUCTION

Ovarian cancer is the most lethal gynecologic malignancy at present. Despite the recent
new diagnostic possibilities and medical advances, the 5-year survival rate of patients with
advanced ovarian cancer is only 20% [1]. Prognosis is usually very poor due to the late
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diagnosis. Thus, there is an urgent need to develop an effective therapeutic for ovarian
cancer. The common clinical treatment for ovarian cancer includes cytoreductive surgery
and receiving platinum-based combination chemotherapy. But most ovarian cancer patients
have still died from tumor recurrence and metastasis. Drug resistance of tumor cells is an
important factor affecting the effect of chemotherapy and causing high mortality. Therefore,
improving sensitivity of chemotherapy and reversing drug resistance have become a difficult
problem in the treatment of ovarian cancer. Cellular senescence is a process characterized
by normal human cells lose their proliferative capacity and depart from the cell cycle into

a relatively stable state. Studies have confirmed that cellular senescence has been third
intracellular mechanism of cancer prevention followed by cellular DNA repair and apoptosis,
which is closely related with the occurrence, development and treatment of tumors [2]. In
recent years, a research shows that the induction of tumor cellular senescence is a feasible
strategy to reverse tumor drug-resistance [3]. Induction of senescence on one hand can
reduce the dose of chemotherapy [4], and on the other hand can solve the tumor apoptosis
resistance [5]. Therefore, cellular senescence has been suggested as a target for novel
therapeutics in ovarian cancer.

Poly (ADP-ribose) polymerases (PARPs) are the post-translational modifying enzymes
involved in many cellular processes, which regulate metabolic transcription factors and
energy sensor systems, especially play pivotal roles in genomic stability and cell survival in
response to DNA damage [6]. PARPs are activated by DNA-strand interruptions, besides DNA
damage, PARPs are also involved in telomere cohesion, intracellular trafficking and other
biological functions [7]. PARPs family includes a total of 17 members [8], PARP-1 and PARP-2
have been well researched currently among them. PARP-1/2 enzymes contribute to repairing
DNA single-strain rupture, and it is worth mentioning that repair of these fracture loci is

the cause of drug resistance to radiotherapy and chemotherapy (such as alkylating agent)
[9,10]. A large number of studies have shown that in tumor cells, the PARPs are generally

in a state of high expression, which is prone to causing treatment resistance of tumor cells
[11]. Therefore, the inhibition of PARPs can reduce resistance of tumor cells and PARPs have
become a new target of tumor treatment.

Olaparib is a type of PARP inhibitor, which was approved for the treatment of recurrent
ovarian cancer in BRCA1/2-mutated women by the Food and Drug Administration's
accelerated approval program on December 19, 2014. The safety and efficacy of this drug are
confirmed in a single-group, open labeled, and multi-center clinical trial. The results showed
that the objective response rate was 34% with median response duration of 7.9 months

in patients treated with olaparib [12]. Olaparib has shown an anti-tumor effect as PARP
inhibitor on high grade serous ovarian cancer, but its effects on cellular senescence have not
been reported. This study intends to explore the effect of different doses and treatment time
of olaparib on the senescence of ovarian cancer cells, to elucidate the role of olaparib in the
treatment of ovarian cancer.

MATERIALS AND METHODS

1. Cell lines and culture conditions

The SKOV3, A2780 and OVCAR-3 human epithelial ovarian cancer cell lines were obtained
from the American Type Culture Collection (ATCC, Manassas, VA, USA). Their TP53
status were null (SKOV3), wild-type (A2780) and mutant (OVCAR-3). The SKOV3 cells
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were maintained in McCoy's 5A medium (Biological Industries, Beit Haemek, Israel), A2780
cells and OVCAR-3 cells were cultured in RPMI 1640 medium (Biological Industries), both all
supplemented with 10% fetal bovine serum and 1% penicillin/streptomycin. Cells were
maintained at 37°C with an atmosphere of 5% CO,, following standard protocols. The
medium was replaced two-to-three times every week.

2. Drug treatment

Olaparib (10 mM) was purchased from Selleck Chemicals and made up in DMSO. At a
concentration of 2x10° cells, SKOV3, A2780 and OVCAR-3 cells were seeded in conventional
60 mm cell culture dishes with 5 mL of medium. Cells were then exposed the following day to
drug treatments for six days.

3. Cell cycle profiling

The collected cells were washed with HBSS for two times, then fixed overnight with adding
75% ethanol at -20°C, centrifuged to collect cells, discarded ethanol, added propidium iodide
(PI) staining solution, and then detected the cell cycle by flow cytometry. The results were
analyzed by FlowJo 7.6.1 software (FlowJo, LLC, Ashland, OR, USA).

4. Detection of cell proliferation

Cells were inoculated to the six-well plates with 2x10° cells per well, and 6 parallel wells were
set in each experimental group. The O hour was recorded at 6 hours after cell attachment.
Cells were cultured continuously for 30 hours, and each well was added with 90 pL medium
and 10 uL CCK8 reagent, and the cells were incubated in the incubator containing 5% CO, at
37°C, microplate reader was used to read the absorbance value at 450 nm.

5. Senescence-associated [-galactosidase (SA--Gal) staining

The cells were carried out in six-well plates, and the steps were as follow: 1) The medium
was removed, and the plate was washed with HBSS for 2 times; 2) 1 mL B-galactosidase fixed
solution was added, and the cells were fixed at room temperature for 15 minutes; 3) The cell
fixed solution was removed; the plate was washed for 3 times with HBSS, 3 minutes each
time; 4) Each well was added with 1 mL dyeing liquid (10 pL B-galactosidase staining fluid
A, 10 pL B-galactosidase staining fluid B, 930 pL B-galactosidase staining fluid C, and 50 puL
X-Gal solution), and incubated at 37°C overnight; 5) In the next day, the plate was observed
under the inverted microscope. Uniform blue fine particles in the cytoplasm were positive
[-galactosidase, namely senescence. The calculation method for positive rate of SA--Gal
staining was: 5 views were randomly selected from each well under 200x eyepiece, and the
percentage of positive cells was calculated as percentage of total cell number.

6. Western blot analysis

The cells were collected with lysate containing protease inhibitors, and the total protein

of the cells was extracted after lysis. After 10% sodium dodecyl sulfate -polyacrylamide gel
electrophoresis separation, the protein was transferred onto the polyvinylidene difluoride
(PVDF) membrane. After transfer, the PVDF membrane was blocked for 1 hour by TBST of
5% dried skimmed milk, and then probed with primary antibodies (1:1,000) and incubated
overnight at 4°C. After washing the membrane for 3 times with TBST, the relevant anti-
rabbit or anti-mouse secondary antibodies (1:1,000) was added to react for 2 hours at room
temperature. The membrane was washed with TBST for 3 times before imaging. Image-J
image analysis system was used to analyze the results of western blot, and the ratio of the
target protein to the gray level of GAPDH indicates the relative content of the target protein.
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7. Quantitative real-time polymerase chain reaction (RT-PCR) analysis

Total RNA was prepared using TRIzol reagent (Invitrogen, Carlsbad, CA, USA), following

the manufacturer's instructions. Quantitative RT-PCR was performed using SYBR® Green
(TaKaRa, Inc., Kusatsu, Japan) on a Bio-Rad CFX96 Real-time PCR system (Bio-Rad systems,
Hercules, CA, USA). We utilized primers designed specifically for the detection of chemokine
C-X-C motifligand (CXCL) 10, CXCLS, interleukin (IL)-6, CXCL1, IL-1B, transforming growth
factor (TGF)p3, CXCL2, IL-8, IL-1A, IL-18, IL-1B, MMP3, IL-13, and GAPDH (S1). All p-values
are in comparison to control groups. Melt curves were performed to ensure a uniform
product, and data analysis was then performed using the 2724 method.

8. In vivo growth inhibitory assay

Ten nude mice (female, aged 6-8 weeks) were obtained from Shanghai SLAC Laboratory
Animal Co Ltd. (Shanghai, China) and housed in a pathogen-free environment under
controlled conditions. The mice were injected subcutaneously with 3x10° SKOV3 cells. When
the tumors reached a size of 60 mm?, xenografted mice were divided into two groups: control
and olaparib. Olaparib was administered via abdominal cavity administration at a dose of

10 mg/kg/day for 2 weeks. The tumor diameters were measured with calipers and the tumor
volumes were calculated using the following formula: length (mm)xwidth (mm)?%2.

9. Data analysis

The data were analyzed by using GraphPad Prism version 5.0 statistical software (GraphPad
Software, San Diego, CA, USA). The measurement data were presented as means*standard
deviation of three independent determinations. Then student's t-test was adopted in the
comparison of experimental groups, when p<0.05, the difference was statistically significant.

RESULTS

1. Olaparib inhibited ovarian cancer cell viability in time-dependent manner
We first evaluated the effects of olaparib on cell viability in SKOV3, A2780 and OVCAR-3
ovarian cancer lines. The lowest effective dose of olaparib inducing growth inhibition

was determined by cell counting kit-8 (CCK-8) assay. Olaparib inhibited the growth of
ovarian cancer lines, with ICs, values of 21.09 pM for SKOV3 cells, 5.94 uM for A2780 cells
and 12.23 uM for OVCAR-3 cells after 48 hours of treatment (Fig. 1A). To further elucidate
growth inhibition effects, we analyzed the cell viability of SKOV3, A2780 and OVCAR-3 in
the presence of olaparib (5 uM) using CCK-8 assay. Cells would be divided into two groups:
the control group and the olaparib groups. The optical density at 450 nm wavelength was
measured using the microplate reader. As shown in Fig. 1B, C, and D, the cell proliferation
was slowed in the olaparib group compared with the control group, and significant decrease
at 24 hours and 30 hours. The results suggested olaparib treatment inhibited the proliferation
of ovarian cancer cells in time-dependent manner.

2. The effect of low-dose olaparib in ovarian cancer cell lines

Flow cytometry was used to analyze the influences of olaparib (2.5-20 uM) on the apoptosis
of ovarian cancer cells lines, including SKOV3, A2780 and OVCAR-3. The cells were divided
into five groups: the control group and the olaparib groups (concentrations of 20 uM, 10 puM,
5 uM and 2.5 uM). Annexin-V-FITC and PI double dyeing were used to analyze the apoptosis of
cells. As shown in Fig. 2A, in SKOV3 cells, the apoptosis rates distributions varied in different
olaparib treatment groups. In the blank control group, the apoptosis rate was only 3.94%.
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Fig. 1. Olaparib inhibits cell proliferation in ovarian cancer. (A) Ovarian cancer cell lines were cultured for 48 hours with different doses of olaparib. Cell viability
was determined by CCK-8 assay. (B) SKOV3 cells were treated with 5 uM olaparib for 6, 12, 18, 24, 30 hours and then detect proliferation by CCK-8. (C) A2780 cells
were treated with 5 pM olaparib for 6, 12, 18, 24, 30 hours and then detect proliferation by CCK-8. (D) OVCAR-3 cells were treated with 5 uM olaparib for 6, 12, 18,
24, 30 hours and then detect proliferation by CCK-8. Data represent the mean+standard deviation (n=6).

CCK-8, cell counting kit-8.
*p<0.05, Tp<0.01, compared with the control group.

Compared with that, the percentage of apoptotic cells were significantly increased to 12.51%
and 13.29% in the high-dose (20 uM and 10 uM) test groups (p<0.01). However, the apoptosis
rates were 7.47% and 6.78% in the low-dose (5 uM and 2.5 pM) test groups, which did not
significantly increase apoptotic cells (Fig. 2B). Then we treated the A2780 and OVCAR-3 cells
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with olaparib under the same conditions (Fig. 2C and E) and quantification of apoptosis rates
from (Fig. 2D and F). Interestingly, the low-dose of olaparib (5 pM) treatment did not increase
apoptotic cells in both A2780 cells and OVCAR-3 cells, the rate of apoptosis was 4.05% in
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Fig. 2. The effect of different dose olaparib in ovarian cancer cell lines. (A) SKOV3 cells treated with different concentrations of olaparib (20 pM, 10 pM, 5 pM

and 2.5 pM) and then detect apoptosis by flow cytometry. (B) The rate of apoptotic was determined using FlowJo 7.6.1 software. (C) A2780 cells were treated
same conditions as SKOV3. (D) Quantification of apoptosis rates in different concentrations of olaparib (20 pM, 10 uM, 5 UM and 2.5 pM). (E) OVCAR-3 cells were
treated same conditions as SKOV3. (F) Then quantification of apoptosis rates. Data represent the mean+standard deviation (n=3).

*p<0.05, Tp<0.01, ¥p<0.001, compared with the control group. (continued to the next page)
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*p<0.05, Tp<0.01, ¥p<0.001, compared with the control group.
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A2780 cells and 10.46% in OVCAR-3 cells. Accordingly, we hypothesized that a low-dose of
olaparib (5 uM) might trigger senescence instead of apoptosis in ovarian cancer cells.

3. Olaparib induced cellular senescence in ovarian cancer

Based on the findings where olaparib inhibited cell proliferation, we hypothesized that
ovarian cancer cells underwent senescence in the response to olaparib. The senescence of
cells was detected by SA-B-Gal staining, which was the most ubiquitous cellular senescence
marker. As shown in Fig. 3A, in control group, SA-B-Gal stained cells were few, meanwhile,
the cells of the olaparib treatment groups exhibited senescence characteristics by flattened
and enlarged morphology, and the senescent cells were blue stained, namely the cellular
senescence related to B-galactosidase staining was positive. Furthermore, we evaluated
whether the olaparib induced ovarian cancer cellular senescence in a time-dependent
manner. SKOV3 cells were divided into four groups: the control group, 48 hours olaparib
treatment group, 72 hours olaparib treatment group and 6 days olaparib treatment

group. These results clearly showed that long-term (6 days) treatment with olaparib more
significantly increase the rate of SA-B-Gal positive than short-term (48 hours) treatment,
these data indicated that olaparib induced cellular senescence in ovarian cancer was followed

a time-dependent manner.

Another hallmark of senescence was the formation of senescence-associated
heterochromatin aggregation (SAHF), which could be detected by DAPI, Ki67 and P16.

Fig. 3B showed that compared to the control group, nuclei appeared to enlarge and the
heterochromatic regions were evidenced by DAPI staining in the olaparib treatment group.
In addition, after olaparib treatment, the number of Ki67-positive cells had a significantly
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Fig. 3. Olaparib induced cellular senescence in ovarian cancer. (A) The effect of olaparib induced ovarian cancer cellular senescence was detected by SA-B-Gal
staining (200x), SKOV3 were treated with 5uM olaparib for 48 hours, 72 hours and 6 days. (B) Immunofluorescence analysis of the senescent heterochromatin
foci stained with Ki67 (green), P16 (green) and DAPI (blue) to visualize SKOV3 cells treated with 5 uM olaparib. (C-E) SA-B-Gal staining on SKOV3 (C), A2780 (D),
OVCAR-3 (E). The rate of SA-B-Gal positive was determined using Image-J software. Data represent the mean=standard deviation. (n=5). (F) Quantification of the
cytokine protein profile of ovarian cancer cells (n=3).

SASP, senescence-associated secretory phenotype; SA-B-Gal, senescence-associated B-galactosidase.

*p<0.05, Tp<0.01, ¥p<0.001, compared with the control group. (continued to the next page)
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Fig. 3. (Continued) Olaparib induced cellular senescence in ovarian cancer. (A) The effect of olaparib induced ovarian cancer cellular senescence was detected
by SA-B-Gal staining (200x), SKOV3 were treated with 5uM olaparib for 48 hours, 72 hours and 6 days. (B) Immunofluorescence analysis of the senescent
heterochromatin foci stained with Ki67 (green), P16 (green) and DAPI (blue) to visualize SKOV3 cells treated with 5 uM olaparib. (C-E) SA-B-Gal staining on SKOV3
(C), A2780 (D), OVCAR-3 (E). The rate of SA-B-Gal positive was determined using Image-J software. Data represent the meanzstandard deviation. (n=5). (F)
Quantification of the cytokine protein profile of ovarian cancer cells (n=3).

SASP, senescence-associated secretory phenotype; SA-B-Gal, senescence-associated -galactosidase.

*p<0.05, Tp<0.01, ¥p<0.001, compared with the control group.

reduction compared with control, but the number of P16-positive cells was significantly
increased under the same treatment conditions. These results clearly showed that low-dose
of olaparib could induce cellular senescence in ovarian cancer.

We further demonstrated the effect of olaparib treatment in other ovarian cancer cells.
Statistically, SA-B-Gal cells increased from 5.4% in control group to 50.8% (p<0.001) in
the SKOV3 olaparib-treatment groups with 6 days, respectively (Fig. 3C). In A2780 cells, the
proportion of SA-B-Gal positive increased from 4.6% in control group to 68.7% (p<0.001)
in treatment groups (Fig. 3D). Compared with control groups, the proportion of SA-p-Gal
positive increased from 13.6% to 77.1% (p<0.001) in OVCAR-3 cells (Fig. 3E).

As we known, the senescent cells would appear a unique senescence-associated secretory
phenotype (SASP), hence, we detected the expression of some inflammatory cytokines and
chemokines (e.g., IL-1B, IL-6, IL-8, CXCL1, CXCL10), which were the main markers of SASP.
The results were confirmed by real time-quantitative PCR (RT-qPCR) analysis, as shown in
Fig. 3F, treatment with olaparib led to significant increase of the expression of CXCL10, IL-6,
CXCL1, IL-1B and TGFf3 in SKOV3 cells. CXCL2, CXCL1, IL-6, IL-18, IL-1B and IL-13 were
up-regulate in A2780 cells. In OVCAR-3 cells, the expression of CXCL8, IL-13, TGFB3 and IL-6
were significantly higher than control. All these data indicated that low-dose olaparib could
induce cellular senescence in ovarian cancer and it was followed a time-dependent manner.

4. Olaparib arrest ovarian cancer cells in GO/G1 phase of the cell cycle

To further elucidate senescence-associated growth inhibition, we analyzed the cell cycle
profile of SKOV3, A2780 and OVCAR-3 in the presence of olaparib by flow cytometry. The
cells were divided into two groups: the control group and long-term (6 days) treatment
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with olaparib group. As shown in Fig. 4A, D, and G, SKOV3, A2780 and OVCAR-3 olaparib-
treatment groups showed an increase cell population in G1 phase concomitant with a
decrease in S and G2 phase. In the SKOV3 olaparib-treatment group, the percentages of

cells in the GO/G1, S and G2/M phases were 82.21%, 5.56% and 11.42% (Fig. 4B), 76.11%,
14.28% and 9.35% in A2780 group (Fig. 4E) and 71.25%, 19.69% and 8.52% in OVCAR-3
group (Fig. 4H) under the same treatment conditions, respectively. The data indicated that all
ovarian cancer cells (SKOV3, A2780 and OVCAR-3) showed a significant increased GO/G1 phase
(p<0.05) under the olaparib treatment, which compared with control groups. These results
could be considered that olaparib arrest ovarian cancer cells in GO/G1 phase of the cell cycle.
We then examined the protein expression of cell cycle by western blotting. Fig. 4C showed that
the expression of P16 and retinoblastoma protein (p-RB) were significantly enhanced in SKOV3
cells under olaparib treated. Meanwhile, the expression of P53 and p-RB were upregulated in
A2780 cells (Fig. 4F). In OVCAR-3 cells, the expression of P53 was downregulated and p-RB
was upregulated (Fig. 41). Notably, the level of CDK4, CDKG, cyclin D1 and cyclin D3 were quite
different in these ovarian cancer cell lines. These data suggested that olaparib induced cellular
senescence through P16-RB/P53-RB pathway, but the patterns of olaparib inhibited cell cycle
also depend on the different cell type.

5. Olaparib suppress the progression phase of ovarian cancer in vivo

We took advantage of the tumor xenograft model to analysis the effects of olaparib suppress
the progression phase of ovarian cancer in vivo (Fig. 5A). As shown in Fig. 5B, olaparib

could inhibit the tumor growth of mice with SKOV3 ovarian cancer, and the tumor volume
was significantly smaller than that of the control group (p<0.01). In Fig. 5C, there was a
significant increase in the expression of P16 and p-RB8O0 in olaparib group compared to the
control group. The results were same with western blot's results. Inmunohistochemistry
results also showed that the positive rate of Ki67 was obviously decreased. As Ki67 was closely
related to the proliferation of tumor cells, the results proved once again that olaparib could
inhibit the proliferation of ovarian cancer cells.

DISCUSSION

Olaparib is an oral PARP inhibitor that can increase the formation of PARP-DNA complex,
so as to block the PARP-mediated DNA damage repair, damage cell steady state and
accelerate cell apoptosis. Germline mutations in the tumor suppressor genes BRCA1/2 of
which proteins are linked to DNA repair predispose women to ovarian cancer. Olaparib can
specifically affect DNA damage repair mechanism of targeted cells by attacking the key flaws
of cancer cells carrying BRCA1 and BRCA2 mutations [13]. It can be used in maintenance
therapy of patients with recurrent severe ovarian cancer, who have BRCA gene mutations
and are sensitive to platinum drugs. As an inhibitor of PARP, olaparib exhibits an antitumor
effect in high-grade serous ovarian cancer [14]. There are many articles focusing on the
effect of olaparib on tumor cell apoptosis, but its effect on cellular senescence has not been
reported yet. Clinical studies have confirmed that olaparib as a single agent has showed
good efficacy in phase I and phase II clinical tests [15,16]. However, the use of high doses
(400 mg, 2 times/d) would result that 6% patients had grade 3 to 4 vomiting, 3% had grade
3 to 4 fatigue, and 3% had grade 3 to 4 anemia [17]. Some research reported that low doses
(100 mg, twice daily) of olaparib also had clinical activity [18]. In Mateo et al.'s study [19],
they found that the recommended monotherapy dose of olaparib tablet for phase III trials
was 300 mg twice daily, simplifying drug administration from 16 capsules to four tablets per
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Fig. 5. Effects of olaparib suppress the progression phase of ovarian cancer in vivo. (A) Ovarian cancer cells
were subcutaneously injected into nude mice (n=5 per group). After 2 weeks of tumor growth, the animals
were treated with olaparib (10 mg/kg/day) or vehicle for 2 weeks, and then euthanized. (B) Visible differences
in tumor weight in olaparib-treatment nude mice and control nude mice. Data represent the mean+standard
deviation (left: untreated control, right: 2 weeks after subcutaneous transplant, n=5). (C) Representative
immunohistochemieal staining of tissues for SKOV3 group with P16, p-RB807 and Ki67.

Tp<0.01, compared with the control group.

day. Therefore, we hope that continuous low dosage administration of olaparib can provide
a new clinical medication scheme to relieve the adverse reactions. In this study, we found
that low concentrations of olaparib (5 uM) induced cellular senescence rather than apoptosis
in ovarian cancer cells. Thus, for all subsequent work, 5 uM was fixed as the optimum
concentration. As we know, the SA-B-Gal, SAHF and SASP are the most common markers of
senescence [20]. In our experiment, we detected those biomarkers to further confirmed that
low-dose of olaparib can trigger senescence instead of apoptosis.

Senescence usually does not occur though the transient precipitating stress, because the cell
can resume cycling upon resolution of the stress. The premature senescence cancer cells
were associated with a strong SASP, upon immune dysfunction, the SASP's proinflammatory
nature can recruit immune cells, which can kill and clear senescent cells or other surviving
cancer cells [21]. In cancer cells, in which chemotherapy induced senescence is an important
alternative cell fate to apoptosis [22]. The research indicated that the onset of irreversible
senescence requires a prolonged period (>4 days) of stimuli driving the cell both to divide
and not to divide [23]. Schmitt et al. [24] reported an apoptosis-independent function to P53
in cancer showed that murine lymphomas overexpressing Bcl-2 respond to chemotherapy by
engaging a senescence program controlled by P53 and P16™* rather than apoptosis. In our
experiments found that the long-term (6 days) treatment with olaparib (5 uM) significantly
inhibited the growth of ovarian cancer cells (SKOV3, A2780 and OVCAR-3), which induced
the cellular senescence followed a time-dependent manner.
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Cell cycle arrest is an important manifestation of cellular senescence. Flow cytometry shows that
olaparib could arrest ovarian cancer cells in GO/G1 phase of the cell cycle. As we know, P16-RB

and P53-RB is important signal transduction pathway of cellular senescence [25,26]. In the P16-
RB/P53-RB pathway, senescence stimuli activate P16/P53, which can then induce senescence by
activating p-RB [27], the different response may depend on the tissue and species of origin [28].
Cyclin D3 is an important regulatory factor in cell cycle, combine with cyclin-dependent kinases
(CDK4 and CDKG6) to compose the core cell cycle machinery that drives cell proliferation [29].
Retinoblastoma (RB) is a cell cycle regulating factor, which mainly regulates the transition of GO
and G1 phase to S phase. The series of CDKs (CDK2, CDK4, and CDKG6) play an important role in
controlling the activity of p-RBs. When RB is phosphorylated by these CDKs, it mainly resulting

in gene transactivation and then causing cell cycle progression [30]. Our results indicate that
olaparib can induce senescence by increasing the expression of P16, RB806, CDK2 and decreasing
the expression of cyclin D3, CDK4 in SKOV3 cells. On the other hand, olaparib induces senescence
by increasing the expression of P53, RB806, cyclin D3 and decreasing the expression of CDK4,
CDKG6 in A2780 cells. In OVCAR-3 cells, olaparib induce senescence by increasing the expression of
RB806 and decreasing the expression of P53 and CDK4. The senescent cell lost the reaction ability
of mitogen and the ability of DNA synthesis, it cannot enter the S phase to start the replication of
chromosomes to complete the proliferation. Thus, the G1 phase is blocked during the cell cycle,
resulting in the proportion of GO/G1 phase increase. These changes in the expression of the cell
cycle-regulating proteins suggested that olaparib may inhibit proliferation of ovarian cancer cells by
inducing cellular senescence through P16-RB/P53-RB signaling pathway (Fig. 6).

}Olaparib

@,‘@4© Ovarian
®E ® cancer cells
4 Y I

p16-dependent pathway p53-dependent pathway

4 G2 L
S
Cyclin D3 K \* "
CDK4 / CDK4
ee Growth- ¢ ee
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- AN %
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SASP @Q Senescence
@Q O cells
# gt

Fig. 6. Proposed model summarizing olaparib induced senescence in ovarian cancer cells. In SKOV3 cells, olaparib increased the expression of P16 and RB,
decreased the expression of cyclin D3 and CDK4. At the same time, olaparib increased the expression of P53 and RB, decreased the expression of CDK4 and
CDK6 in A2780 cells. In OVCAR-3 cells, olaparib induce senescence by increasing the expression of RB806 and decreasing the expression of P53 and CDK4.These
changes in the expression of proteins suggested resulting in GO/G1 phase arrest, and finally induced senescence in ovarian cancer cells through P16-RB/P53-RB
signaling pathway, thereby inhibiting the malignant proliferation of ovarian cancer.

SASP, senescence-associated secretory phenotype.
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Furthermore, we researched the effect of olaparib induced cellular senescence in vivo. We
used a nude mouse xenograft transplantation model and primed mice by subcutaneous
injection. Such a model does not develop ascites, an environment component modulating
senescence and survival of different cell components (e.g., mesothelial cells) leading to
cancer cell survival [31,32]. Mice treated with olaparib for 2 weeks and then tumors were
examined, we found the tumor volume was reduced. It is maybe senescent secretome
reprogramming enhances chemotherapy efficacy [33]. The recent vivo studies reported
that the activation of senescence in ovarian cancer cells was associated with a strong SASP
[34]. SASP can attract and activate immune system cells to alter ovarian cancer micro-
environment, lead to immune surveillance and subsequent promote immune cell to clear
senescent cells [35]. Some components of the SASP (such as IL-6, IL-8) can help the tumor-
suppressive function of the senescence response [36]. Therefore, in this manuscript, the
SASPs are significant increase in senescence cells (olaparib treatment groups).

In conclusion, this experiment aimed to describe the mechanisms of olaparib induced
cellular senescence in ovarian cancer, and we highlight aspects of cellular senescence that
could be targeted for viable cancer therapies against ovarian cancer.
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