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Abstract: Background: Ovarian clear cell carcinoma (OCCC) is a type of ovarian cancer with a poor prognosis
if detected in the progressive stage since there is less effective chemotherapy. Recent advancements in
molecular-targeted drugs have not substantially affected OCCC treatment. Therefore, we explored the
potential of targeting MDM?2 in OCCC cells. Methods: We used TOV-21G and KOC7c cells as the ARIDIA
mutant-type, and RMG-I and ES2 cells as the ARID1A wild-type. Then, we performed small interfering library
screening, Western blotting, real-time polymerase chain reaction analysis, cell proliferation assay, cell cycle
analysis, time-lapse cell proliferation assessment, and DNA damage assessment. Next, to generate murine
intraperitoneal tumors, 7.5 x 10° TOV-21G cells in 200 uL of phosphate-buffered saline were injected
subcutaneously into the intraperitoneum in 5-6-week-old athymic nude mice. Results: Using various cell lines
with ARIDIA mutations or without mutation, the results showed that the interference of MDM?2 effectively
reduced cell proliferation in ARIDIA-mutant cells but not in ARID1A wild-type cells. Additionally, interference
with ARIDIA against ARIDIA wild strains reproduced susceptibility to MDM?2 interference. In vivo
experiments demonstrated that nutlin-3, an MDM?2 inhibitor, significantly suppressed tumor growth in the
ovarian cancer mouse model. Conclusion: These findings suggest that targeting MDM2 may be a viable
strategy for the treatment of ARID1A-mutated OCCC, offering a new therapeutic approach for this challenging
type of cancer.
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1. Introduction

Ovarian cancer is the fifth most common cause of cancer-related mortality in females, and it has
the lowest 5-year survival rate among gynecological cancers [1,2]. The major pathological subtypes
of ovarian cancer include high-grade serous carcinoma, endometrial carcinoma, clear cell carcinoma,
and mucinous carcinoma. Clear cell carcinoma is resistant to platinum chemotherapy and has a poor
prognosis when detected in the progressed stage or recurrence [3-7]. Currently, molecular-targeted
drugs have been developed consecutively for the treatment of ovarian cancer, and angiogenesis
inhibitors and poly ADP-ribose polymerase (PARP) inhibitors are covered by insurance [8]. Although
the high efficacy of PARP inhibitors has been reported in serous carcinomas with a high mutation
rate of BRCA1/2, there are no highly effective molecular-targeted drugs because their genetic
background is very different from that of clear cell carcinomas [9].

Molecular features of ovarian clear cell carcinoma (OCCC) include TGF-II (66%), ARID1A (46—
57%), PIK3CA (50%), PTEN (20%), and KRAS (5-16%) mutations [9,10]. We focused on the ARID1A
mutation, known as the SWI-SNF complex. ARID1A is considered a tumor-suppressor gene with
important functions in gene transcription regulation and in replication, repair, and cell cycle arrest
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[10] in the same manner as BRCA1/2 mutations responsible for homologous recombination repair in
serous carcinomas. ARIDIA mutations have been reported in various carcinomas: 27% in gastric
cancer, 13% in hepatocellular carcinoma, 13% in bladder cancer, 15% in esophageal cancer, and 17%
in Burkitt lymphoma. Recent advancements in molecular-targeted drugs have not substantially
affected OCCC treatment. In our previous study, cycline E1 (CCNE1) was one of the synthetic lethal
candidates with ARIDIA mutation in OCCC [11]; however, in the present study, we aimed to
investigate the synthetic lethal mechanism of MDM?2 as a novel candidate for ARIDIA mutation in
ocCcc.

2. Results

2.1. Screening of Candidate Genes Harboring a Synthetic Lethal Effect with ARID1A Downregulation in
occc

We confirmed the effective interference of ARIDIA to RMG-I (ARID1A wild-type line) at 96
hours by 5 nM of siRNA (87.2 + 0.3 versus [vs.] 100.0 = 0.4, p < 0.001) (Figure 1B). Figure 1C shows
the result of the first siRNA screening. The MTT assay was used to identify candidate genes whose
interference was significantly reduced (p < 0.05) the cell viability of the ARID1A-knockdown group
compared with that of the control group. Seven candidate genes were identified, but we focused on
MDM2 as one such candidate.
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Figure 1. The synthetic lethal elucidation for ARID1A mutative ovarian clear cell carcinoma.

The RMG-I cell line (ARID1A wild type) was grown in a six-well plate at a concentration of
4.0x10° cells per well. Si-ARID1A or si-control was rapidly reverse-transfected at a concentration of
5nM. Forty-eight hours after transfection, ARID1A-knockdown and control cells were plated in three
wells of a 96-well plate at a concentration of 5000 cells per well, and screening siRNA transfection
was conducted (A). Figure 1B illustrates the effective interference of ARID1A to RMG-I at 96 h using
5 nM of the siRNA. The volcano plot indicates that MDM?2 (mouse double minute protein 2) exhibited
the most significant reduction in proliferation compared to the control (C). MDM2, mouse double
minute protein 2; CDC6, cell division cycle 6; CCNE], cyclin E1; **, p <0.01.
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2.2. MDM2 Has a Synthetic Lethal Effect Only in ARID1A-Mutated Cell Lines

In TOV-21G (ARID1IA mutation type), the MDM2-knockdown group showed significantly
reduced proliferation compared with the control group in a time-dependent manner at 24, 48, and 72
hours (104.7 + 4.3 vs. 100.0 + 5.5, p = 0.171; 82.7 £ 4.6 vs. 100.0 £ 9.9, p = 0.014; and 83.5 = 2.3 vs. 100.0
£7.9,p=0.002, respectively). In KOC7Zc cells (ARID1A mutation type), the MDM2-knockdown group
showed reduced proliferation compared with the control group in a time-dependent manner at 24,
48, and 72 hours (81.2 £ 8.5 vs. 100.0 £ 8.7, p = 0.009; 85.1 £ 6.0 vs. 100.0 + 6.3, p = 0.005; and 81.0 + 11.9
vs. 100.0 £9.2, p = 0.023, respectively).

In contrast, in RMG-I cells (ARID1A wild-type), the MDM2-knockdown group did not show a
significant reduction in cell proliferation compared to the control group. In ES2 cells (ARID1A wild
type), the MDM2-knockdown group did not show significantly reduced proliferation (24 hours:
101.33 £ 7.5 and 100.00 + 12.2, p = 0.804; 48 hours: 102.85 + 3.2 and 100.00 *+ 11.5, p = 0.527; 72 hours:
108.65 + 16.7 and 100.00 £ 12.4, p = 0.282, respectively) (Figure 2A). To confirm the interference of
MDM2, we further assessed the relative MDM?2 messenger RNA (mRNA) expression levels in the
MDM2-knockdown and control groups using RT-PCR. si-MDM?2 sufficiently suppressed the mRNA
levels of MDM?2 (Figure 2B). Next, we assessed MDM?2 protein expression. In all cell types, the
MDM2-knockdown group showed reduced protein expression compared with the control group at
72 hours (Figure 2A).

2.3. Interference of MDM?2 Expression Affects the Cell Cycle

We assessed the effect of MDM2 expression on cell cycle progression in TOV-21G cells.
Knockdown of MDM?2 showed a significant increase in the proportion of the G1 phase compared
with that in the control group at 48 and 72 hours (59.9 + 2.3 vs. 48.6 £ 1.0, p = 0.002 and 63.3 £ 2.2 vs.
50.2 £3.7, p=0.007, respectively), and a decrease in the S phase (22.2 £ 1.4 vs. 29.4 £ 3.6, p =0.034 and
19.8 £ 0.4 vs. 25.1 £ 1.8, p = 0.009, respectively) (Figure 2C). The apoptosis assay did not reveal any
significant difference between the si-MDM2 and si-control groups (data not shown). These results
suggest that interference of MDM2 with TOV-21G affects the cell cycle in the G1 to S phase and does
not induce apoptosis in tumor cells.
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Figure 2. The effects of si-MDM2 on gene, cell cycle, and protein expression.

In Figure 2A, MDM?2 protein expression was lower in the MDM2-knockdown group compared
to the control group at 72 hours. Figure 2B shows that si-MDM2 effectively suppressed MDM2 mRNA
levels. Knockdown of MDM2 increased the proportion of the G1 phase and decreased the S phase in
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TOV-21G cells at 48 and 72 hours (2C). MDM2, mouse double minute protein 2; RT-PCR, Reserve
transcription polymerase chain reaction, mRNA, messenger ribonucleic acid; PBS, phosphate-
buffered saline; *, p < 0.05, **, p < 0.01.

2.4. Time-Lapse Cell Proliferation Assessment

The results of time-lapse cell proliferation are shown in Figure 3. TOV-21G, which is an ARID1A
mutated cell line, showed a slight proliferative tendency at 4.44 uM, whereas RMG-I which is
ARID1A wild shows a marked proliferative tendency at 13.33 pM. Although the concentrations at
which the effect was observed were similar for KOC7c¢ and RMG-I, there was a difference in time
course and cell proliferation between these two cell lines. RMG-I increased even after decreasing
once, suggesting that the inhibitory effect on cell proliferation was insufficient. A different tendency
was seen in ES2 which is ARIDIA wild. ES2 has a TP53 mutation, suggesting that nutlin-3 may have
anti-tumor effects in a TP53 pathway-dependent manner.
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Figure 3. Growth pattern of each OCCC cell upon nutlin-3 administration.

TOV-21G, KOC-7c, ES2, and RMG-I were added with a concentration gradient (40.0uM,
13.33uM, 4.44puM, 1.48pM, 0.49uM, and OpM). IncuCyte ZOOM™ apparatus and incubation
continued over 120 h. OCCC, ovarian clear cell carcinoma. The ARID1A mutation cell lines decreased
or plateau at 13.33uM compared to the ARID1A wild-type cell lines.

2.5. Knockdown of MDM?2 Inhibits Cell Proliferation of ARID1A-Interfered Cell Lines

To confirm that the interference of MDM?2 showed selective effects on the ARIDIA deficient
status, we interfered with ES2 and RMG-I (ARID1A wild-type OCCC lines) using si-ARID1A (10 nM)
and si-control, and 48 hours after the first knockdown, these cells were transfected with 10-nM si-
MDM?2. Setting this secondary transfection time as 0 hours, we measured cell proliferation
chronologically by IncuCyte ZOOM™ for 100 hours. At the endpoint of these assays, under
interference of 10-nM MDM2, the RMG-I with si-ARIDIA (10 nM) group showed significant cell
proliferative suppression compared with the si-control group (63.0 + 8.5 vs. 94.8 £ 4.5, p < 0.001)
(Figure 4A). However, under interference of 10-nM MDM2, the ES2 with si-ARID1A (10 nM) group
did not show significant cell proliferative suppression compared to the si-control group (98.8 + 0.4
and 99.5 + 0.8, respectively; p = 0.001) (Figure 4A). To clarify the mechanism underlying the synthetic
lethality of MDM?2 in the ARID1A mutation, the basal expression level of MDM?2 is shown in Figure
4B. TOV-21G, KOC7c, and ES2 cells showed lower protein expression levels than RMG-I cells (28.0,
22.8, and 53.5 vs. 100%). Interference of ARIDIA by 10-nM siRNA showed decreased protein
expression of MDM?2 at 96 hours (55.6 £5.0 vs. 100.0 + 11.2, p =0.003) (Figure 4B). These results suggest
that MDM? interference affected only ARID1A mutative cells because temporary downregulation of
ARID1A was sensitive to MDM? interference.

We hypothesized that interference of MDM2, which is known as a suppressor of p53, would
increase DNA damage, but there were no significant differentiations between the si-MDM?2 and si-
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control groups at 24 and 48 hours (1847.1 + 6902.8 and 1716.5 = 7088.2, p = 0.925 and 2378.0 + 2849.4
and 1622.2 + 2481.6, p = 0.088, respectively) (Supplementary Figure 2). Since ARID1A supports the
expression level of MDM?2, it is likely that MDM? interference is ineffective when the ARID1A gene
is wild-type, whereas the ARID1A mutation effectively reduces the amount of MDM?2 in cells only by
MDM?2 interference, resulting in the suppression of cell growth.
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Figure 4. Synthetic lethality of MDM?2 interference under ARID1A interference.

In Figure 4A, the time-lapse cell proliferation assay of ES2 and RMG-I cells was conducted. After
seeding, si-ARID1A (10 nM) was transfected, followed by a secondary transfection using si-MDM?2
(10 nM). Images were captured every three hours for around 100 hours. Figure 4B shows the protein
expression level of MDM2 for each cell line. Interference of ARID1A by 10 nM siRNA resulted in
decreased MDM2 protein expression at 96 hours. MDM2, mouse double minute protein 2; siRNA,
small interfering ribonucleic acid. **, p < 0.01.

2.6. Nutlin-3 Inhibits Tumor Growth in a Xenograft Mouse Model

To determine whether the interference of MDM2 shows a suppressive effect on tumor growth,
we conducted an in vivo assay using a xenograft mouse model. We used nutlin-3 as a molecule that
suppresses MDM?2. Cases with confirmed tumor viability at the time of sacrifice were included in this
analysis: nutlin-3 group, n=3 and control group, n=7. Although body weight did not show significant
differences between the groups, tumor weight determination indicated that the target group showed
significantly decreased tumor growth than the control group (61.1 + 4.2 vs. 196.4 + 96.8, p = 0.008)
(Figure 5).
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Figure 5. The nutlin-3 administration in TOV-21G xenograft mouse model.

7.5 x 106 of TOV-21G cells were injected into intraperitoneal in five-to-six-week-old athymic
nude mice to generate murine intraperitoneal tumors. We used 40mg/kg of nutin-3 and the same
Dimethyl sulfoxide as control. One week after the injection, we separated the mice into two groups
based on their weight: the nutlin-3 group (n =7) and control group (n = 10). Reagents were injected
once a day for 15 days. Three days after the last injection, the mice were sacrificed. Although body
weight did not show significant differences between the two groups, tumor weight determination
indicated that the target group showed significantly decreased tumor growth compared to the control
group. MDM2, mouse double minute protein 2; **, p <0.01.

3. Discussion

MDM2 is a protein that inhibits regulation of the activity the cancer suppressor p53. This study
showed that MDM?2 could be a synthetic partner of ARIDIA mutations. In a small number of cell
lines, ARID1A accelerated the expression level of MDM?2 and played an essential role in proliferation.
The ARID1A mutation effectively reduced the necessary amount of MDM? in the cells only by MDM?2
interference, which suppressed cell growth.

ARIDIA mutations exist in more than 50% of OCCC cases and approximately 45% of
endometriosis-associated ovarian carcinoma (EAOC) cases [14-17]. EAOC is a group of malignant
tumors that arise from ovarian endometrioma, characterized by repeated hemorrhages in the ovaries
and a reactive oxygen species (ROS)-rich environment due to iron accumulation [18]. The ARID1A
gene encodes ARIDIA/BAF250A, a key subunit of the SWI-SNF chromatin remodeling complex
[16,19]. Thus, the ARID1A gene is considered a tumor-suppressor gene, and ARID1A pathogenic
mutations are generally loss-of-function mutations (nonsense, frame-shifts, and large deletions) that
lead to the loss of ARID1A protein expression [20-22]. The importance of ARID1A mutation in the
malignant transformation of ovarian endometriosis remains unclear, although the possibility of a
two-hit hypothesis has been suggested [23]. Interestingly, some studies have revealed that ROS
decreases ARID1A expression by promoter methylation in ovarian cancers [24,25], and ARID1A loss
sensitizes ovarian cancer cells to ROS-inducing agents [26]. Because EAOC, including OCCC, arise
from a ROS-rich environment, our study’s results are consistent with those in the aforementioned
studies.

MDM? binds to the p53 tumor-suppressor protein with high affinity and negatively modulates
its transcriptional activity and stability [27,28]. It also affects the nuclear export of p53 and serves as
a ubiquitin ligase that promotes p53 degradation [28,29]. These functions contribute to its oncogenic
effects, e.g., pro-angiogenic activity, chromosomal instability, and degradation of cell cycle regulators
[29]. Nutlin-3 is the first small molecule to inhibit MDM2/p53 binding, as reported by Vassilev et al.
[28,29]. It can induce apoptosis in cancer cells by activating or stabilizing p53 [27,30]. Moreover,
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nutlin-3 induces increase MDM?2 and inhibits DNA double-strand break repair [27], and it is effective
against chemo resistant tumors through activation of the p53 pathway [31]. This mechanism suggests
that nutlin-3 is effective in treating wild-type p53 wild ovarian cancer [27,31]. In particular, OCCC,
which is the therapeutic target of this report, comprises only 10% of p53 mutated type cancer [32].
The use of nutlin-3, which is mostly a wild-type p53, makes sense as a therapeutic strategy. Until
now, the effect of nutlin-3 has focused only on its association with p53 mutations; however, we
believe that the presence or absence of ARID1A mutations, in addition to p53 mutations, can be
considered to more efficiently identify cancers in which nutlin-3 exerts its effect. There have been no
clinical trials on nutlin-3. However, similar compounds, e.g., RG7112, idasanutlin, and AMG-232,
have been used in clinical trials for sarcoma, leukemia, lymphoma, and melanoma [29,33].

This study has a limitation. In ovarian clear cell carcinomas arising from high ROS levels,
mutation or loss of the ARID1A gene is likely to contribute to cell survival by decreasing MDM?2
expression and increasing p53 stability, although it seems to conflict with the original role of p53 in
terms of tumor suppression. Nevertheless, ARIDIA gene mutation and tumorigenesis are still
unclear.

4. Materials and Methods
4.1. Ethics Statements

All animal experiments were conducted in accordance with the Guidelines for Proper Conduct
of Animal Experiments (June 1, 2006, Science Council of Japan), and this study was approved by the
Animal Ethics Committee of Nara Medical University (number: 13491).

4.2. Cell Lines

We used TOV-21G and KOC7c cells as the ARID1A mutant-type, and RMG-I and ES2 cells as
the ARID1A wild-type. All cells were maintained in a humidified incubator at 37°C with 5% carbon
dioxide (CO2). TOV-21G and ES2 cell lines were obtained from the American Type Culture Collection
(Manassas, VA, USA), whereas KOC7c and RMG-I cells were provided by Itamochi (Tottori
University School of Medicine, Yonago, Japan).

These cells were maintained in the Dulbecco Modified Eagle Medium/Ham F-12 with L-
glutamine and phenol red containing 10% fetal bovine serum and 100-U/mL penicillin and
streptomycin and used at a sub-confluent status.

4.3. Small Interfering RNA Library Screening

We performed small interfering RNA (siRNA) library screening of human cell cycle regulation-
related genes, deubiquitinating enzymes, and DNA damage response genes (G-003205, G-006005,
and G-004705; Dharmacon™, Cambridge, UK). The RMG-I cell line was grown in six-well plate at a
concentration of 4.0 x 10° cells per well, and si-ARID1A (S103051461; Qiagen, Hilden, Germany) or si-
control (D-001210-02; Dharmacon™) was reverse transfected rapidly at 5 nM according to the
manufacturer’s recommended protocol (Figure 1A). At 48 hours after transfection, ARIDIA-
knockdown and control cells were plated in three wells of a 96-well plate at a concentration of 5000
cells per well (Figure 1A). In each of the three wells of ARID1A- knockdown and control cells, 5 nM
of the respective siRNA was transfected for screening. After 48 hours, cell viability was measured
using the MTT assay (Cell Proliferation Kit I, Roche, Salzburg, Austria) according to the
recommended protocol. For each 96-well plate, we transfected the si-control as the negative control
and si-PLK1 (M-003290-01; Dharmacon™) as the positive control [12]. Candidates were extracted as
follows. First, the difference in cell viability between cells transfected with si-control and si-ARID1A
was considered to be an effect of ARIDIA downregulation. Second, to avoid cell population error
between the two cell groups at the start of the assay, given that the cell viability of the negative control
group showed a normal distribution, we corrected the test results on the basis of the difference from
the negative control. Lastly, for further assessment, the most effective sequence was determined by
MITT assay using TOV-21G cells.
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4.4. Western Blotting

TOV-21G, KOC7c, and ES2 cell lines were grown in a six-well dish (2.0 x 10° cells per well for 48
hours and 1.0 x 105 cells per well for 72 hours), and RMG-I cell lines were grown in a six-well dish
(4.0 x 105 cells per well for 48 hours and 3.0 x 10° cells per well for 72 hours), as determined by the
growing speed of cell lines. After placing the cell lines in dishes, si-MDM?2 and si-control were reverse
transfected at 5 nM using the manufacturer’s recommended protocol. We extracted proteins at 48 and
72 hours after transfection. Samples were applied to Mini-PROTEAN®TGX™ Gels 4-15% and
transferred by Trans-Blot®Turbo™ Transfer Pack (Bio-Rad, Hercules, CA, USA). The following
antibodies were used for Western blotting: primary antibodies against MDM?2 (#86934; Cell Signaling
Technology, San Diego, CA, USA; 1:1,000 dilution) and £-actin (#4970; Cell Signaling Technology;
1:10,000 dilution). Horseradish peroxidase-conjugated secondary antibodies against rabbit
immunoglobulin G (sc-2004; Santa Cruz Biotechnology, Dallas, TX, USA; 1:10,000 dilution) were
used.

4.5. Real-Time Polymerase Chain Reaction

RNA extraction to four cell lines (TOV-21G, KOC7¢, ES2, and RMG-I) was performed at 24 and
48 hours after transfection using a TagMan Gene Expression Cells-to-CT™ Kit (Invitrogen, Carlsbad,
CA, USA) according to the manufacturer’s protocol. Real-time polymerase chain reaction (RT-PCR)
was performed on a StepOnePlus™ Real-Time PCR System (Applied Biosystems, Foster City, CA,
USA) with 4 uL of complementary DNA, 10 uL of the TagMan Gene Expression Master Mix (4369016;
Applied Biosystems), 1 uL of MDM?2 or GAPDH TagMan Gene Expression Assay (Hs01066938_m1
or Hs99999905_m1; Applied Biosystems), and 5 uL of nuclease-free water (B-003000-WB-100;

™

Dharmacon™), and the results were analyzed using the relative quantitative method.

4.6. Cell Proliferation Assay

The viabilities of the four cell lines (TOV-21G, KOC7c, ES2, and RMG-I) were assessed after
reverse transfection with si-MDM?2 or si-control. After placing 150 uL of cell lines on dishes (5.0x103
cells/uL of TOV-21G, KOC7c and ES2 and 1.0x10* cells/uL of RMG-I), si-MDM?2 and si-control were
reverse transfected at 5 nM using the manufacturer’s recommended protocol. We then performed cell
proliferation assays at 24, 48, and 72 hours after transfection. Next, we pipetted 40 uL of CellTiter 96®
AQueous One Solution Reagent into each well of the 96-well assay plate containing the samples in 200
uL of culture medium. Finally, we incubated the plate at 37°C for 30 minutes in a humidified, 5% CO:
atmosphere, and the absorbance was recorded at 492 nm using a 96-well plate reader (Supplementary
Figure 1).

4.7. Cell Cycle Analysis

TOV-21G cells were grown in six-well dishes (2.0 x 10° cells per well), and si-MDM?2 and si-
control were reverse transfected at 5 nM according to the manufacturer’s recommended protocol.
The cells were harvested and washed in phosphate-buffered saline (PBS) before fixation in cold 70%
ethanol, which was added dropwise to the pellet while vortexing. Cells were fixed for 30 minutes at
4°C, and the fixed cells were washed twice with PBS and centrifuged at 250 x g for 5 minutes. Then,
cells were incubated with 50 uL of a 100-pug/mL stock of RNase and 200-uL propidium iodide (from
50-ug/mL stock solution). A FACSCalibur flow cytometer (BD Biosciences, San Jose, CA, USA) was
used to analyze the cell population for cell cycle changes (Figure 2C).

4.8. Time-Lapse Cell Proliferation Assessment

Cell proliferation was studied using the IncuCyte ZOOM™ Live Cell Imaging system (Essen
BioScience, Ann Arbor, MI, USA), as previously described for kinetic monitoring of proliferation and
cytotoxicity of cultured cells [13]. The IncuCyte image assay quantifies how rapidly the proportion
of area covered by cells increases with time as a function of the cell proliferation rate.
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First, TOV-21G, KOC-7c, ES2, and RMG-I cells were seeded into 96-well plates at a concentration
of 5000 cells each per well, and nutlin-3 was added at a concentration gradient (40.0, 13.33, 4.44, 1.48,
0.49, and 0 uM). The IncuCyte ZOOM™ apparatus was used, and incubation continued over 120
hours (Figure 3).

ES2 and RMG-I cells were seeded into six-well plates at a concentration of 2.0 x 10° cells and 4.0
x 10° cells each per well, and si-ARID1A (10 nM) was transfected. Forty-eight hours later, each cell
line was seeded into a 96-well plate, and a secondary transfection was performed using si-MDM2 (10
nM) (0 hours). The cells were transferred to the IncuCyte ZOOM™ apparatus, and incubation
continued for approximately 100 hours. During the incubation period, the IncuCyte captured images
every 3 hours. After defining the area of the cells, all images were analyzed chronologically, focusing
on confluence (%) (Figure 4A).

4.9. DNA Damage Assessment

The cells were seeded into six-well plates at a concentration of 2.0 x 105 cells per well and then
transfected with 15-nM si-MDM?2 and si-control (0 hours). After 24 or 48 hours, cells were fixed with
4% paraformaldehyde containing 0.1% Triton-X and 250-mM HEPES for 15 minutes. For
permeabilization, 1% was used for permeabilization. The blocking solution, which contained the
antibody of phosphorylated histone H2AX (yH2AX) and the secondary antibody, was included in
the DNA damage detection kit (G265, Dojindo Laboratories, Kumamoto, Japan) and used according
to the manufacturer’s instructions. Images were captured using a fluorescence microscope BZ-X710
(Keyence, Osaka, Japan). All images were captured at 20x magnification (Supplementary Figure 2).

4.10. In Vivo Assay

To generate murine intraperitoneal tumors, 7.5 x 10° TOV-21G cells in 200 puL of PBS were
injected subcutaneously into the intraperitoneum in 20 of 5-6-week-old female athymic nude mice
(SLC, Hamamatsu, Japan). We administered 40-mg/kg nutin-3 (Cat. No. S1061; Selleckchem,
Houston, USA) or the same amount of dimethyl sulfoxide (control) subcutaneously once daily. One
week after the injection, we separated the mice into two groups based on their body weight: the
nutlin-3 group (n = 10) and the control group (n = 10). The reagents were injected once daily for 15
days. Three days after the last injection, we sacrificed the mice (Figure 5). Cases in which the tumor
tissue could not be identified and cases that resulted in death over the course of the study were
excluded.

4.11. Statistical Analysis

Data are presented as mean * standard deviation. The Student t-test was used to assess the
difference between the target and control groups, and the Mann-Whitney U test was applied for
variables that did not present a normal distribution. For multiple comparisons, one-way analysis of
variance (ANOVA) was conducted, followed by the Grams-Howell test. The synergistic effect of
concomitant cisplatin use was assessed using two-way ANOVA. A two-sided p-value <0.05 was
considered statistically significant, and all statistical analyses were performed using SPSS (version
29.0; IBM Corp., Armonk, NY, USA).

5. Conclusions

This study demonstrates that MDM?2 could be a synthetic lethal target for ARID1A mutative
OCCGC, offering a new therapeutic approach for this challenging type of cancer.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org, Figure S1: DNA damage assessment of MDM2 interference on TOV-21G. There
was no significant differentiation between the si-MDM2 and the si-control group at 24h or 48h. MDM2, mouse
double minute protein 2; HEPES, 4-(2-hydroxyethy)-piperazine-1-ethanesulfonic acid. Figure S2: Cell
Proliferation Assay of OCCC cells under MDM?2 interference. The ARID1A mutated cells showed a significant
difference between si-MDM?2 and si-control. MDM2, mouse double minute protein 2; *, p <0.05, **, p <0.01.
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