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ARID1A, a component of the SWI/SNF chromatin-remodeling complex, is frequently mutated in various cancer types and has
emerged as a potential therapeutic target. In this study, we observed that ARID1A-deficient colorectal cancer (CRC) cells showed
synthetic lethal effects with a p53 activator, RITA (reactivating p53 and inducing tumor apoptosis). RITA, an inhibitor of the p53-
MDM2 interaction, exhibits increased sensitivity in ARID1A-deficient cells compared to ARID1A wild-type cells. Mechanistically, the
observed synthetic lethality is dependent on both p53 activation and DNA damage accumulation, which are regulated by the
interplay between ARID1A and RITA. ARID1A loss exhibits an opposing effect on p53 targets, leading to decreased p21 expression
and increased levels of proapoptotic genes, PUMA and NOXA, which is further potentiated by RITA treatment, ultimately inducing
cell apoptosis. Meanwhile, ARID1A loss aggravates RITA-induced DNA damage accumulation by downregulating Chk2
phosphorylation. Taken together, ARID1A loss significantly heightens sensitivity to RITA in CRC, revealing a novel synthetic lethal
interaction between ARID1A and RITA. These findings present a promising therapeutic approach for colorectal cancer characterized

by ARID1A loss-of-function mutations.
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INTRODUCTION
Colorectal cancer (CRQ) is the third most deadly and fourth most
commonly diagnosed cancer worldwide [1]. Its incidence has
steadily increased, especially in developing countries. According
to the classic CRC carcinogenesis model, the initiation and
progression of CRC require a spectrum of genetic mutations.
The earliest trigger is APC inactivation [2]. Mutations in other
suppressor genes (SMAD2, SMAD4 [3], DCC [4], and TP53 [5]),
oncogenes (KRAS [6] and BRAF [7]), and other genes contribute to
neoplastic transformation in foci of the altered colon mucosa,
which in turn leads to further degeneration toward malignancy.
Next-generation sequencing revealed that ARIDTA (AT-rich inter-
active domain 1A) is one of the most frequently mutated genes in
CRC [8]. As a subunit of the SWI/SNF chromatin-remodeling
complex, which has been identified as the most commonly
mutated chromatin modulator in human cancers, ARID1A is
mutated in approximately 10% of patients with CRC [9]. Moreover,
clinicopathological analyses revealed that ARID1A protein loss or
reduced expression occurs in 77% of CRC samples [10]. As the
tumor-node-metastasis (TNM) stage advanced, the proportion of
ARID1A loss increased [10]. These data suggest that ARIDTA is a
key tumor suppressor in CRC and its loss is strongly linked to CRC
progression and metastasis.

p53 is a critical tumor suppressor that plays a central role in the
initiation and progression of cancer. As a transcription factor, it

regulates the expression of genes involved in various cellular
processes, such as the cell cycle, DNA repair, and cell apoptosis
[11]. By driving these molecular processes, it inhibits cancer
growth and safeguards genomic integrity, thus acting as a
“guardian of the genome”. Its encoding gene TP53 is mutated in
more than half of all human cancers, including breast, colon, lung,
liver, prostate, bladder, and skin [12]. Therefore, restoring the
function of p53 in tumors is one of the most appealing anticancer
therapeutic strategies. Several promising p53-based treatment
approaches have emerged in recent years, and are currently
undergoing clinical research [13]. MDM2, an E3 ubiquitin ligase,
inhibits p53 by promoting its ubiquitination and proteasome-
mediated degradation [14]. Therefore, MDM2 inhibitors can
stabilize p53 and reactivate its function. Several small-molecule
MDM2 inhibitors, such as idasanutlin (RG7388), APG-115, and
AMG232, have entered clinical trials for cancer treatment [13].
Recently, through an open-label, first-in-human, phase la/Ib study
in patients with advanced solid tumors, brigimadlin (Bl 907828), an
oral MDM2-p53 antagonist, showed encouraging preliminary
efficacy (11.1% overall response and 74.1% disease control rates),
particularly in patients with well-differentiated or dedifferentiated
liposarcoma [15]. Although MDM2 inhibition is an appealing
strategy, MDM2 inhibitors are not currently available clinically
because of their serious side effects in normal tissues. Therefore,
cancer-specific MDM2 inhibitors should be developed.
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Given the high frequency of ARID1A loss or inactivation in
cancer, the exploitation of anticancer therapeutics based on
ARID1A status has attracted attention. Recent studies have shown
that ARID1A has a synthetic lethal interaction with several cancer-
associated proteins, including EZH2 [16], HDAC6 [17], GCLC [18],
and AURKA [19]. Inhibiting these synthetic lethality targets results
in selective vulnerabilities in ARID1A mutant OCCC [20], CRC [21],
and breast cancer cells [22]. These studies demonstrate that
synthetic lethal targeting of ARID1A is a promising approach for
the development of novel cancer-targeted therapies. Based on
this idea, we systematically screened an antitumor metabolic
compound library to identify synthetic lethal compounds for
ARID1A loss in CRC cells. We found that the small-molecule RITA
(reactivates p53 and induces tumor apoptosis) exhibits selective
vulnerability in CRC cells lacking ARID1A in vitro and in vivo. We
further explored the mechanism by which ARID1A loss and RITA
treatment converge on p53 activation and DNA damage
accumulation, contributing to apoptosis in ARID1A-deficient CRC
cells. This study identified RITA as a potential drug for the
treatment of CRC with ARID1A loss.

MATERIALS AND METHODS

Cell lines and culture

HCT116 and RKO cells were obtained from the American Type Culture
Collection (ATCC, Manassas, VA, USA). The HCT116 ARIDTA™~ cell line was
generated using the CRISPR-Cas9 gene editing system, and the specific
method was described in a previous publication. HCT116 cells were
cultured in Gibco Roswell Park Memorial Institute (RPMI) 1640 medium
supplemented with 10% fetal bovine serum (FBS) and 1% penicillin/
streptomycin. RKO cells were cultured in Gibco Modified Dulbecco’s Eagle
Medium (DMEM) supplemented with 10% FBS and 1% penicillin/
streptomycin. All cell lines were cultured in a humidified incubator at
37°C with 5% CO,. RITA (T1798) was purchased from TargetMol (Waltham,
MA, USA).

Anticancer metabolism compound library drug screening and
cell viability measurement

The Anticancer metabolism compound library (L1200) containing 237
small-molecule inhibitors was purchased from TargetMol (MA, USA). Each
compound was diluted by a gradient and arrayed in 384-well plates in an
8-dose inter-plate titration format, ranging from 0.02 to 50 uM. Then,
HCT116 ARIDIA™'* or ARIDIA™'~ #1 cells were both counted to 3000 cells
and seeded per well in the 384-well plates containing working dilution of
the compound library and incubated for 72 h at 37 °C CO, incubator. When
cell viability was measured, the cells were incubated with 10% Alamar Blue
(Sigma-Aldrich, St. Louis, MO) in media solution for 3h, and the
fluorescence signal (ex560/em590) was read from the bottom of the plate
using SpectraMax-M4 (Molecular Devices, Sunnyvale, CA). The IC50 values
of each compound were calculated using GraphPad Prism 8.0 (GraphPad
Software, La Jolla, CA, USA). Screening was performed in duplicate and the
average IC50 value from the two screenings was used to identify synthetic
lethality hits. SI was calculated using the following equation: SI=IC50
ARIDIA™*/IC50 ARIDIA™'~. Compounds with an SI>2 were selected as
candidates for synthetic lethality.

siRNA silencing of ARID1A

Two different ARID1A siRNAs (siARIDTA #1 and siARID1A #2) were designed
and synthesized by RiboBio (Guangzhou, China). The sequences were as
follows: siARIDTA #1,5'-GGACCTCTATCGCCTCTAT-3’; siARID1A #2,5-GAAG-
CAGGCACCACTAACT-3'. siRNA transfection was performed using Lipofec-
tamine 3000, and the procedure strictly followed the manufacturer’s
instructions. Reverse transfection was performed to silence ARID1A in a 12-
well plate. Briefly, after cells were trypsinized, 5 uL of siRNA was pipetted
into 100 uL Opti medium to dilute to the indicated concentration and then
mixed with 100 uL Opti medium containing 2 L Lipofectamine 3000, and
the transfection mixture was incubated at room temperature for 20 min.
Cells were trypsinized and 1000 uL of cell suspension (1 x 10° cells per
well) was added to each well containing the transfection mixture. The cells
were then incubated for 72 h in a CO, incubator, and cell images were
captured using U-HGLGPS (Olympus, Japan). Image)J software was used to
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measure cell density and assess cell viability. The silencing efficiency was
assessed by immunoblotting using an anti-ARID1A antibody.

Western blot and antibodies

Whole-cell protein extracts were prepared using ice-cold RIPA buffer
(25 mM Tris-HCI pH 7.6, 150 mM NaCl, 1% NP-40, 1% sodium deoxycholate,
and 0.1% sodium dodecyl! sulfate (SDS)). Each aliquot of protein sample
was run on an SDS-polyacrylamide gel electrophoresis and transferred
onto a nitrocellulose membrane for immunoblotting with primary
antibodies, including ARID1A (Cell Signaling Technology, #12354S, 1:2000
dilution), Cleaved PARP (Cell Signaling Technology, #5625S, 1:2000
dilution), Cleaved caspase3 (Cell Signaling Technology, #9661S, 1:500
dilution), MDM2 (Cell Signaling Technology, #86934S, 1:1000 dilution), p53
(Cell Signaling Technology, #2527S, 1:2000 dilution), p21 (Cell Signaling
Technology, #2947S, 1:2000 dilution), PUMA (Cell Signaling Technology,
#98672S, 1:2000 dilution), NOXA (Cell Signaling Technology, #14766S,
1:2000 dilution), Phospho-ATM (Ser1981) (Cell Signaling Technology,
#5883T, 1:1000 dilution), Phospho-ATR (Ser428) (Cell Signaling Technology,
#2853T, 1:1000 dilution), Phospho-BRCA1 (Ser1524) (Cell Signaling
Technology, #9009T, 1:1000 dilution), Phospho-Chk1 (Ser345) (Cell Signal-
ing Technology, #2348T, 1:1000 dilution), Phospho-Chk2 (Thr68) (Cell
Signaling Technology, #2197T, 1:1000 dilution), Phospho-p53 (Ser15) (Cell
Signaling Technology, #9286T, 1:1000 dilution), Phospho-Histone H2A.X
(Ser139) (Cell Signaling Technology, #9718T, 1:1000 dilution), MDM4
(Proteintech, #28747-1-AP, 1:1000 dilution), FANCD2 (Proteintech, # 28619-
1-AP, 1:1000 dilution) and B-actin (Cell Signaling Technology, #3700S,
1:4000 dilution) antibodies, followed by horseradish peroxidase-
conjugated secondary antibodies (ZEN-Bioscience, 511203). Uncropped
versions of all blots are shown in Supplementary Figs. 6 and 7.

Tumor xenograft mouse model

All animal procedures were approved by the Animal Research Ethics
Committee of the Southern Medical University (SMUL2021076) and all
animals received humane acre according to the criteria outlined in the
‘Guide for the Care and Use of Laboratory Animals’ (8th Edition). Eight-
week-old female BALB/c nude mice were implanted with ARIDIA* ™ (left
flank) and ARIDIA™~ (right flank) HCT116 cells suspended in Matrigel.
When both tumors were palpable, the mice were randomized into two
groups (five mice per group) of equal tumor volumes for treatment with
vehicle and RITA. However, researchers were not blinded to the groups
during the experiments. Mice were treated with vehicle (sterile saline
containing 5% dimethyl sulfoxide, 5% tween-80, and 5% polyethylene
glycol-400) or RITA (10 mg kg™, daily) via intravenous injection for 17 days.
Tumor size was periodically measured with a Vernier caliper for 21 days,
and tumor volume was calculated using the modified ellipsoid formula
(long axis x short axis x short axis x 0.5). At the end of the experiment, the
mice were sacrificed and the tumors were harvested for weighing and
further analyses. The weights of mice were measured regularly during the
drug injection period to assess potential drug toxicity.

Cell cycle and apoptosis assays

Cell cycle and apoptosis assays were performed in accordance with the
manufacturer’s instructions. The Cell Cycle Staining Kit (Multi Sciences,
CCS012, CN) was used to assess the cell cycle, and the Annexin V FITC
Apoptosis Detection Kit (Beyotime, C1062S, CN) was used to assess
apoptosis. Briefly, for cell cycle analysis, cells were harvested, washed with
PBS, and resuspended in 500 pl DNA staining solution containing 5 pl
permeabilization solution for 30 min. For apoptosis analysis, cells were
harvested, washed with PBS, and resuspended in 195 pl binding buffer
containing 5 pl Annexin V FITC and 10l Pl at room temperature for
20 min. Cell cycle and apoptosis data were acquired and analyzed using a
Beckman Coulter flow cytometer (Beckman Coulter, California, US) and
FlowJo v10 software (FlowJo LLC, USA), respectively.

Coimmunoprecipitation

HCT116 cells were harvested using RIPA buffer (Fdbio Science, FDO11, CN)
containing protease inhibitors (NCM Biotech, P001, CN). Protein lysates
were precleared by rotary incubation with 500 pl protein A/G magnetic
beads (bimake, B23201, US) containing mouse normal IgG at 4 °C for 1 h.
Then The supernatant was collected by magnetic separation, followed by
rotary incubation with protein A/G beads and p53 antibody (Proteintech,
60283-2-1g) at 4°C overnight. The following day, protein A/G magnetic
beads antibody-interacting protein compounds were separated from the
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protein lysates and washed gently three times with 1 ml RIPA buffer
containing a protease inhibitor. Finally, the compounds were resuspended
in 1x loading buffer and subjected to SDS-PAGE, followed by western blot
analysis.

Comet assay

DNA damage was assessed using a single-cell gel electrophoresis assay
under neutral conditions with a DNA Damage Detection Kit (SCGE)
(KeyGEN BioTECH, KGA240) according to the manufacturer’s protocol.
Briefly, the normal melting point agarose (NMA) was spread on glass slides
and solidified at 4°C for 10 min. Cells were harvested 48 h after RITA
treatment, mixed with low-melting-point agarose (LMA), and plated on
glass slides with NMA as the second layer. The glass slides with agarose gel
were placed in pre-cooled lysis buffer for 2h at 4°C, subjected to
electrophoresis at 25V for 30 min under alkaline conditions, and stained
with Pl. The presence of comet tails was determined using U-HGLGPS
(Olympus, Japan). The tail moment was calculated as (percentage of DNA
in the tail) x (tail length), where the percentage of DNA in the tail and tail
length were quantified using the CASP software.

RT-qPCR

Total RNA extraction and cDNA synthesis were performed using TRIzol
(Thermo Fisher, #15596026) and the Evo M-MLV RT Premix kit (Accurate
Biology, AG11706) according to the manufacturer’s instructions. Gene
transcription levels were determined using the SYBR Green Pro Taq HS
Premix kit (Accurate Biology, AG11701) with the primer sequences (Tsingke
Biotechnology). CDKN1A primer sequences are as forward primer 5-
CGATGGAACTTCGAC TTTGTCA-3’ and reverse primer 5-GCACAAGGGTA-
CAAGACAGTG-3'. PUMA primer sequences are as: forward primer 5'-
GCCAGATTTGTGAGACAAGAGG-3’ and reverse primer 5-CAGGCACC-
TAATTGGGCTC-3'. NOXA primer sequences are as: forward primer 5-
ACCAAGCCGGATTTGCGATT-3’  and reverse  primer  5-ACTTG-
CACTTGTTCCTCGTGG-3'. FANCD2 primer sequences are as: forward primer
5-GTTCGCCAGTTG GTGATGGAT-3' and reverse primer 5-GGGAAGCCTG-
TAACCGTGAT-3.

Statistical analysis

All data are presented as mean = standard deviation (s.d.). Data analysis
was performed using the GraphPad Prism 8 software (GraphPad Software,
La Jolla, CA, USA). Differences between the control and test groups were
analyzed using Student’s t-test and one-way analysis of variance (ANOVA),
and statistical significance was set at P < 0.05.

RESULTS

RITA induces a synthetic lethal effect in ARID1A-deficient cells
To identify ARIDTA synthetic lethal targets in CRC, we used the
ARID1A-isogenic HCT116 CRC pair, previously generated using the
CRISPR/Cas9 system [19]. The ARID1A status was confirmed by
immunoblot analysis (Fig. 1A). In agreement with previous reports,
the growth rates of ARID1A-WT and ARID1A-deficient HCT116 CRC
cells were largely similar in short-term culture [16, 19, 23, 24]
(Supplementary Fig. 1). We then screened an anticancer
metabolism compound library consisting of 237 cancer cellular
metabolism-related compounds using ARID1A-isogenic cells.
Screening was performed using an 8-dose titration, ranging from
0.02 to 50 uM, and the IC50 values of each compound were
calculated using GraphPad software (Fig. 1B). From two rounds of
screening, we identified five candidate drugs according to a
selectivity index from top to bottom, including three sodium-
potassium pump inhibitors (Lanatoside C, Brefeldin A, and
Cinobufagin), one p53 activator (RITA), and one ornithine
decarboxylase inhibitor (Eflornithine Hydrochloride) (Fig. 1C-F).
Considering the importance of p53 in cancer, we selected the p53
activator RITA as the main synthetic lethal compound for ARID1A
in CRC for the follow-up studies.

To further investigate the synthetic lethal effects of RITA and
ARID1A, killing curves and cell morphology experiments were
conducted in two ARID1A knockout (ARIDIA™'") clones. The
results showed that RITA had a higher inhibition efficiency in the
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two ARIDIA-KO clones than in ARIDIA-WT (ARIDIA™T) cells
(Fig. 2A-C). The IC50 value in ARIDTA-WT cells was 16.7 uM. In
two ARID1A-KO clones, the IC50 values are 2.0 uM and 3.4 uM,
representing an 8.4-fold and 4.9-fold change, respectively. To
further validate this synthetic lethal effect, we established another
isogenic cell pair derived from the RKO CRC cell line, which has a
frameshift mutation in ARID1A. Therefore, we reintroduced wild-
type ARID1A into RKO CRC cells via lentivirus transfection and
generated another ARID1A-isogenic cell pair (Fig. 2D). Consistent
with the HCT116 isogenic cell pair, a synthetic lethal effect was
observed (Fig. 2E-G). The IC50 value in the RKO cells was 18.2 uM.
In two RKO ARID1A®E clones, the IC50 values are 129.7 uM and
734 uM, representing a 4.5-fold and 2.5-fold change (Fig. 2E).
These findings suggest that RITA treatment results in synthetic
lethality, with ARID1A loss in CRC cells in vitro. In addition, we
investigated the synthetic lethality of RITA in vivo using a tumor
xenograft mouse model. Mice with ARID1A-isogenic tumors on
either flank were intraperitoneally injected with RITA and tumor
volumes were periodically measured (Fig. 2H). According to the
tumor weight, RITA inhibited tumor growth with or without
ARID1A expression. However, at the same dosage, ARIDTA loss
enhanced RITA-induced cell growth inhibition, which was in line
with our in vitro findings (Fig. 2I-L and Supplementary Fig. 2).
Daily administration of 10 mpk RITA did not appear to cause
toxicity in mice, as assessed by changes in body weight
(Supplementary Fig. 2A). In summary, these results collectively
demonstrate that RITA treatment induces synthetic lethality in
ARID1A-deficient CRC cells, both in vitro and in vivo.

ARID1A deficiency sensitizes to RITA-induced cell apoptosis
RITA was initially described as an activator of p53. By binding to
serine 33 and serine 37 sites of p53, RITA prevents its interactions
with MDM2 and MDM4 [25], leading to elevated levels of p53
protein, cell growth arrest, and cell apoptosis in tumor cells of a
different origin in vitro and in vivo [26]. Therefore, we analyzed the
phenotype of CRC cells following RITA treatment. Following RITA
treatment, flow cytometric analysis revealed a significant increase
in apoptosis in ARIDIA™'~ HCT116 cells (Fig. 3A, B). Similar to
HCT116 cells, RITA treatment selectively increased apoptosis in
ARID1A-deficient RKO cells (Fig. 3C, D). These results are consistent
with those of the immunoblot analysis. Cell apoptosis markers
(Cleaved PARP and Cleaved caspase3) were specifically increased
in ARID1A-deficient cells both in HCT116 and RKO cells (Fig. 3E, F).
Taken together, these results suggest that ARID1A deficiency
sensitizes RITA-induced cell apoptosis, whereas its overexpression
provides a protective effect.

ARID1A loss has an opposing effect on p53 targets in CRC cells
To study the mechanisms underlying synthetic lethality, we
investigated the interplay between ARID1A and p53 in CRC cells.
ARID1A and TP53 are among the most frequently mutated tumor
suppressor genes in cancers. Previous studies have shown that
mutant ARIDTA and TP53 are mutually exclusive in a variety of
cancers, including ovarian clear cells, uterine endometrioid
carcinomas, and gastric, breast, and esophageal cancers [27].
These data indicated that ARID1A and TP53 collaborate to
regulate cell progression. However, the role of ARID1A in the
regulation of p53 target genes remains unclear. To address this,
we examined the interaction between ARID1A and p53 using
immunoprecipitation in CRC cells. This result demonstrated that in
colorectal cancers, there was an interaction between ARID1A and
p53 (Fig. 4A). Interestingly, we observed that ARID1A knockout
increased the p53 protein levels. Similar to p53, MDM2, and MDM4
protein levels were upregulated in ARID1A-deficient cells (Supple-
mentary Fig. 3). Meanwhile, in ARID1A-deficient cells, there was a
reduced level of p21 but elevated levels of PUMA and NOXA, all of
which are well-known p53 targets (Fig. 4B, C). Therefore, we
hypothesized that the interaction between ARID1A and p53 might
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have an opposing effect on p53 target genes. This interaction can
sustain p21 transcription levels but inhibits PUMA and NOXA
levels. To test this hypothesis, we investigated the effect of
ARID1A on p53 target genes in detail. Stable overexpression of
wild-type ARID1A in ARID1A-deficient RKO cells resulted in an
increase in p21 expression but decreased expression of PUMA and
NOXA (Fig. 4D). To investigate whether target gene regulation by
ARID1A was due to a secondary effect during long-term cellular
adaptation following ARID1A deficiency, we tested the effect of
transient depletion or overexpression of ARID1A on target gene
expression. Transient depletion of ARID1A using siRNA effectively
downregulated p21 expression and upregulated PUMA and NOXA
expression (Fig. 4E). Furthermore, transient overexpression of wild-
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type ARID1A in RKO cells increased p21 expression and inhibited
PUMA and NOXA expression (Fig. 4F). These results implied that
ARID1A-deficient CRC cells had downregulated p21 and upregu-
lated PUMA and NOXA, which potentially promoted apoptosis in
this cell type. RITA, an activator of p53, can lead to elevated p53
levels and promote target gene expression. The effect was
investigated using dose-response RITA treatment. There was a
marked increase in p53 protein levels, along with upregulation of
p21 and NOXA, as the RITA concentration increased (Fig. 4G). Next,
we investigated the combined effects of ARID1A deficiency and
RITA treatment on HCT116 ARID1A-isogenic CRC cell pairs. RITA
treatment increased PUMA and NOXA levels in ARID1A-WT
HCT116 cells and this effect was significantly enhanced in
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cell viability was determined by Alamar Blue assay. Error bars represent s.d. (n =3) from three independent experiments. B, C Synthetic
lethality in HCT116 ARIDTA™~ cells by RITA. Representative images (B) and cell viability (C) are shown. HCT116 ARIDTIA™* and two ARIDTA™'~
clones were treated with 150 nM RITA for 48 h and photographed under an Olympus microscope. Scale bar, 200 pm. Error bars represent s.d.
from three independent experiments. ANOVA **P < 0.01. D Overexpression of ARID1A in two RKO ARID1ACE clones was verified by western
blot analysis. E Dose-response curves of RKO ARIDTA™'~ and two RKO ARIDTA®E cell lines treated with RITA. RKO ARIDTA™'~, ARID1A®E #1, and
ARID1A®E #2 clones were incubated with RITA for 72 h and the cell viability was determined by Alamar Blue assay. Error bars represent s.d.
(n = 3) from three independent experiments. F, G Synthetic lethality in RKO ARIDTA®E cells by RITA. Representative images (F) and cell viability
(G) are shown. RKO ARIDTA ™/~ and two ARIDTA®E clones were treated with 20 uM RITA for 48 h and photographed under Olympus microscope.
Scale bar, 100 pm. Error bars represent s.d. from three independent experiments. ANOVA **P < 0.01. H Schematic illustration of mouse tumor
xenograft experiments with HCT116 ARIDTIA~'~ cell pair. I, J Tumor growth curve in nude mice bearing HCT116 ARIDIA** (1) or HCT116
ARIDIA™~ (J) xenografts after injection of vehicle or 10 mg kg’1 (mpk) RITA. Error bars represent **P <0.01 between vehicle and RITA
treatment groups (n = 5). Student’s t-test. K, L Wet weight measurement of the tumors isolated from mice bearing HCT116 ARIDTIA™* (K) or
HCT116 ARIDIA~'~ (L) xenografts at 21 days after injection of vehicle, 10 mpk RITA. Error bars represent s.d.
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Fig. 3 ARID1A deficiency sensitizes cells to RITA-induced apoptosis. A, B, E Apoptosis induced by RITA in HCT116 ARIDIA™* and two
ARIDTA™"~ cell lines. Cells were treated with or without 100 nM RITA for 48 h and detected by flow cytometry with Annexin V/ Pl staining (A)
and quantitative analyses of apoptosis were performed (B). In addition, apoptotic biomarkers (e.g. Cleaved PARP, Cleaved caspase3) were
measured with western blot analysis (E). C, D, F Apoptosis induced by RITA in RKO ARIDIA™'~ and two RKO ARID1AE cell lines. Cells were
treated with or without 10 uM RITA for 48 h and detected by flow cytometry with Annexin V/PI staining (C) and quantitative analyses of
apoptosis were performed (D). Furthermore, apoptosis-related proteins were examined (F). Error bars represent s.d. from three independent

experiments. ANOVA **P < 0.01.

ARID1A-KO HCT116 cells (Fig. 4H). We further showed that RITA
treatment induced S and G2/M phase arrest, especially in ARID1A-
deficient cells both in HCT116 and RKO isogenic cell pairs
(Fig. 4l-L). These results support the hypothesis that ARID1A
protects cells from p53-induced cell apoptosis. Therefore, ARID1A
loss increased RITA-induced apoptosis by promoting PUMA and
NOXA expression.

SPRINGER NATURE

ARID1A loss enhances RITA-induced DNA damage

Although the most widely accepted mechanism of RITA is the
interaction between p53-MDM2 complex formation, recent work
indicates that it can induce DNA damage in a p-chk2-dependent
manner [28]. Considering that ARID1A is involved in repairing
damaged DNA through homologous recombination (HR) repair
[29], we hypothesized that ARID1A loss could enhance
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RITA-induced DNA damage. To test this hypothesis, we first
investigated the effects of RITA on DNA damage accumulation.
RITA treatment increased DNA damage as indicated by the comet
assay (Fig. 5A, B). As long as the RITA concentration increased,
DNA damage accumulated, which was also indicated by p-ChkI,
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p-Chk2, and p-H2AX levels (Fig. 5C). Interestingly, according to the
results, RITA mainly induced single-strand DNA damage at low
concentrations but double-stranded DNA damage at high
concentrations. Next, we investigated the combined effects of
ARID1A deficiency and RITA treatment on DNA damage in the
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Fig. 4 ARID1A and RITA cooperatively regulate the transcription of p53 target genes. A Interaction between ARID1A and p53.
Coimmunoprecipitation assays were performed in HCT116 cell lines as described in “Methods” section. Input (cell lysates without
immunoprecipitation) and IgG served as positive and negative controls, respectively. B RT-qPCR analysis of CDKNTA, PUMA, and NOXA mRNA

level in HCT116 ARIDIA™* and ARIDIA™/~

clones. **P<0.01, one-sample t-test. C Upregulation of p53, PUMA, and NOXA levels and

downregulation of p21 level in HCT116 ARIDIA™'~ cell lines. D Downregulation of p53, PUMA, and NOXA levels and upregulation of p21 level
in RKO ARIDIA®E cell lines. E Upregulation of p53, PUMA, and NOXA levels and downregulation of p21 level by ARIDIA silencing.
F Downregulation of p53, PUMA, and NOXA levels and upregulation of p21 level by ARID1A overexpression. G Upregulation of p53, p21,
PUMA, and NOXA levels with the increasing concentration of RITA treatment for 48 h in HCT116 cells. H Upregulation of p53, p21, PUMA, and
NOXA level by 100 nM RITA treatment for 48 h in HCT116 ARIDIA™* and ARID1A™'~ cell lines. 1, J Effect of RITA on the cell cycle progression of
HCT116 ARIDIA™'~ cells. Cells were treated with 100 nM RITA for 48 h before flow cytometry. Cell cycle distribution (I) and cell population
quantification (J) are shown. Error bars represent s.d. (n = 3 independent experiments). ANOVA **P < 0.01. K, L Effect of RITA on the cell cycle
progression of RKO ARIDIA~'~ cells. Cells were treated with 10 uM RITA for 48 h before flow cytometry. Cell cycle distribution (K) and cell
population quantification (L) are shown. Error bars represent s.d. (n = 3 independent experiments). ANOVA **P < 0.01.

ARID1A-isogenic CRC cell lines. RITA treatment-induced DNA
damage, and this effect was significantly enhanced in ARIDTIA™/~
HCT116 cells (Fig. 5D, E). Similarly, p-Chk1 and p-H2AX levels were
evaluated in ARID1A-KO cells (Fig. 5F). Interestingly, p-Chk2 levels
were not upregulated in ARID1A-deficient cells following RITA
treatment. Cellular responses to DNA damage are primarily
coordinated by two distinct kinase signaling cascades, the ATM-
Chk2 and ATR-Chkl1 pathways, which are activated by DNA
double-strand breaks (DSBs) and single-stranded DNA, respec-
tively [30]. After RITA treatment, activation of p-ATM, p-ATR, and
p-Chk2 was observed in HCT116 cells, especially in the ATM-Chk2
pathway, indicating that RITA mainly induced double DNA DSBs.
The DSBs induced by RITA can be repaired by the ATM-Chk2
pathway at low concentrations, leading to limited Chk1 activation.
However, according to the results, ARID1A is necessary for the
activation of Chk2. ARID1A loss blocks Chk2 activation, which
makes cells rely on Chk1 to repair RITA-induced DNA damage.
Chk1 activation was observed in ARID1A-deficient cells following
RITA treatment. The loss of function of Chk2 attenuated cell DNA
damage repair ability, which is the reason why ARID1A loss
induced more DNA damage and cell death after RITA treatment.
Interestingly, it seems that Chk1/Chk2 activation is not induced by
ATR/ATM, since there is no activation of ATR/ATM after RITA
treatment, especially ATR. These results suggest that DNA damage
repair is a common target of ARID1A and RITA and may play a key
role in mediating synthetic lethality.

The synthetic lethality between ARID1A and RITA is
dependent on p53

We showed that RITA treatment promotes p53 and DNA damage
accumulation, especially in ARID1A-deficient CRC cells, poten-
tially contributing to the observed lethal effect. Recently, it was
reported that a RITA analog, NSC782846, could induce cell death
upon p53 reactivation but without inducing DNA damage,
indicating the key role of p53 in RITA-induced cell death [31].
This result was validated in HCT116 TP53 knockout cells. TP53
knockout HCT116 cells were resistant to RITA treatment
(Supplementary Fig. 4A, B). Therefore, to test whether the
synthetic lethality between ARID1A and RITA is p53 dependent,
we knocked down p53 with a shTP53 plasmid and examined
synthetic lethality. p53 knockdown significantly reversed the
inhibition of cell viability by RITA in HCT116 ARID1A-isogenic
cells (Fig. 6A, B, and Supplementary Fig. 4C). Western blot
analysis showed that p53 downregulation also reversed RITA-
induced cell death (Fig. 6C). These results suggest that p53
contributes, at least in part, to the RITA-induced synthetic
interactions with ARIDTA in CRC cells. Considering that ARID1A
participates in DNA damage repair by interacting with ATM/ATR,
these results suggest that ARID1A-deficient cells have increased
levels of p53 target proapoptotic genes and decreased DNA
damage repair ability (Fig. 6D). These alterations are likely to
facilitate selective vulnerability induced by RITA treatment in
ARID1A-deficient cells.

SPRINGER NATURE

FANCD?2 is key in the Fanconi Anemia (FA) pathway, which plays
a crucial role in DNA repair [32]. More importantly, RITA resistance
is mediated by FANCD2 [33]. These results suggest that ARID1A
loss potentially enhances RITA effectiveness through the regula-
tion of FANCD2 expression. To test this hypothesis, we examined
the transcription and protein levels of FANCD2 in ARID1A-deficient
cells and found that ARID1A loss did not affect FANCD2
transcription, but FANCD2 protein levels showed a significant
increase (Supplementary Fig. 3 and Supplementary Fig. 5A). This
may be because ARID1A plays an important role in DNA damage
repair, and when ARID1A is lost, cells rely on other mechanisms to
repair DNA damage. In HCT116 ARIDTA-WT and ARID1A-KO cell
lines, no significant changes were observed after treatment
(Supplementary Fig. 5B). These results indicated that FANCD2
may not be involved in the synthetic lethal effect induced by RITA
in ARID1A-deficient cells. However, further experiments are
needed to verify the FANCD2 function in this observed
phenotype.

DISCUSSION

In this study, we observed that the small-molecule RITA selectively
inhibited the growth of ARID1A-deficient CRC cells in vitro and of
tumor xenografts in vivo. The observed synthetic lethality was
attributed to both p53 overactivation and DNA damage accumu-
lation in ARID1A-deficient cells. We found that ARID1A has an
opposing effect on p53 targets. The loss of ARID1A decreased p21
transcription; however, conversely, by releasing p53 from the
ARID1A-p53 complex, ARID1A loss enhanced p53 transcriptional
activity on proapoptotic genes, including PUMA and NOXA. This
effect was further enhanced by RITA treatment. Additionally,
ARIDTA loss contributed to RITA-induced DNA damage by
inhibiting Chk2 phosphorylation. In summary, our study reveals
a novel synthetic lethal interaction between ARID1A and RITA.
Considering that p53-MDM2 inhibitors have completed a phase II
clinical trial [15], our results suggest a promising therapeutic
avenue for ARID1A-deficient colorectal cancers.

ARID1A and TP53 are frequently mutated across cancers but
rarely in the same primary tumor. Multiple studies in solid tumors
have demonstrated an inverse relationship between TP53 and
ARID1A mutations, and even found ARID1A and TP53 mutual
exclusivity in ovarian clear cell and uterine endometrioid
carcinomas, indicating many functional connections between
these two genes [27]. It has been reported that in breast cancer,
low ARID1A expression is associated with a higher percentage of
p53(+) percentage [34, 35]. In contrast, in endometrioid carci-
noma, there was no significant relationship between loss of
ARID1A and p53 overexpression [36]. These results indicate that
the relationship between ARID1A and p53 may differ depending
on cancer type. In CRC, we observed an increase in p53 protein
levels after ARID1A knockout, which indicates that there is a
negative regulation of p53 by ARID1A in colorectal cancer, most
probably indirect. It has been demonstrated that ARID1A interacts
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Fig. 5 RITA treatment induces DNA Damage, particularly in ARID1A-deficient cells. A Representative cell nucleus fluorescent image and
B quantification of the tail moment of HCT116 cells after RITA treatment. Cells were treated with an increasing concentration of RITA for 48 h.
Error bars represent s.d. from three independent experiments. ANOVA **P < 0.01. C Upregulation of p-Chk1, p-Chk2, and p-H2A.X levels with
the increasing concentration of RITA treatment for 48 h in HCT116 cells. D Representative cell nucleus fluorescent image and E quantification
of the tail moment of HCT116 ARIDTA™* and ARID1A™~ cell lines after RITA treatment. Cells were treated with 150 nM RITA for 48 h. Error bars
represent s.d. Student’s t-test. F Upregulation of p-Chk1, p-Chk2, and p-H2AX levels in HCT116 ARIDTA™* and ARID1A~’~ cell lines after

100 nM RITA treatment for 48 h.

with p53 via the c-terminal region and stimulates transcriptional
activity. In an ovarian cancer cell line model, ARID1A directly
interacts with p53 to regulate the transcription of p53 target
genes such as p21, leading to the induction of p21 and
subsequent cell cycle arrest [37]. Here, we demonstrated that
ARID1A loss-of-function has an opposing effect on p53 target
genes. In colorectal cancer, loss of ARID1A leads to a decrease in
p21 expression, which is further supported in gynecologic cancers
[38]. However, for PUMA and NOXA, well-known p53 target
proapoptotic genes, loss of ARID1A results in an increase in their
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protein levels. These results suggested that the interaction
between ARID1A and p53 can either promote or decrease the
transcription of p53 target genes. In ARID1A-deficient cells, RITA
treatment further enhanced p53 activation, leading to over-
expression of PUMA and NOXA and promotion of cell apoptosis.
These data highlight the tight regulation of p53 protein levels in
ARID1A-deficient cancer cells, as both loss of function and
overexpression of p53 induce cell death.

As initially identified as a p53-interacting molecule, RITA was
reported to bind to the p53 N-terminal domain, probably
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leading to conformational changes, thus impeding the p53/
MDM2 interaction and resulting in p53 accumulation, tumor cell
growth inhibition, and p53-dependent cell apoptosis in vitro
and in vivo [39]. Interestingly, several recent studies suggest that
questioning its selective binding to p53, RITA might not be a
direct inhibitor of the p53-MDM2 interaction, but rather disrupt
the interaction indirectly by triggering DNA damage signaling-
dependent, ATM/CHK2-mediated phosphorylation of p53 [28].
Importantly, ARID1A is also involved in repairing damaged DNA
through homologous recombination (HR) repair [40]. Mechan-
istically, ARID1A is recruited to the DNA DSB sites by interacting
with the upstream kinase ATR. ARID1A also helps recruit the
ATPase subunit of the SWI/SNF complex to DNA damage sites.
Loss of ARID1A also impairs the G2/M DNA damage checkpoint.
Overall, ARID1A facilitates DSB end resection and maintains
checkpoint signaling. Therefore, the loss of function of ARID1A
attenuates DNA repair. RITA-induced DNA damage can easily
accumulate because of the attenuation of the DNA damage
repair ability in ARID1A-deficient cells, resulting in DNA damage-
induced cell death.

In summary, our findings indicate that the small-molecule RITA
exhibits a synthetic lethal effect with ARID1A loss. RITA treatment
triggers p53 activation and accumulation of DNA damage,
ultimately causing cell death, especially in ARID1A-deficient cancer
cells. Given the high mutation rate of the SWI/SNF complex and
the significance of ARID1A within this complex, we anticipate that
our findings will have broad implications in the development of
therapeutic interventions for these malignancies.

DATA AVAILABILITY
All data supporting this study are available from the corresponding author upon
reasonable request.

REFERENCES

1. Rawla P, Sunkara T, Barsouk A. Epidemiology of colorectal cancer: incidence,
mortality, survival, and risk factors. Prz Gastroenterol. 2019;14:89-103.

2. Zhang L, Shay JW. Multiple roles of APC and its therapeutic implications in
colorectal cancer. J Natl Cancer Inst. 2017;109:djw332.

3. Ding N, Luo H, Zhang T, Peng T, Yao Y, He Y. Correlation between SMADs and
colorectal cancer expression, prognosis, and immune infiltrates. Int J Anal Chem.
2023;2023:8414040.

4. Mehlen P, Tauszig-Delamasure S. Dependence receptors and colorectal cancer.
Gut. 2014;63:1821-9.

5. Liebl MC, Hofmann TG. The role of p53 signaling in colorectal cancer. Cancers.
2021;13:2125.

6. Zhu G, Pei L, Xia H, Tang Q, Bi F. Role of oncogenic KRAS in the prognosis,
diagnosis and treatment of colorectal cancer. Mol Cancer. 2021;20:143.

7. Caputo F, Santini C, Bardasi C, Cerma K, Casadei-Gardini A, Spallanzani A, et al.
BRAF-mutated colorectal cancer: clinical and molecular insights. Int J Mol Sci.
2019;20:5369.

8. Zhao S, Wu W, Jiang Z, Tang F, Ding L, Xu W, et al. Roles of ARID1A variations in
colorectal cancer: a collaborative review. Mol Med. 2022;28:42.

9. Jones S, Li M, Parsons DW, Zhang X, Wesseling J, Kristel P, et al. Somatic muta-
tions in the chromatin remodeling gene ARID1A occur in several tumor types.
Hum Mutat. 2012;33:100-3.

10. Wei XL, Wang DS, Xi SY, Wu WJ, Chen DL, Zeng ZL, et al. Clinicopathologic and
prognostic relevance of ARID1A protein loss in colorectal cancer. World J Gas-
troenterol. 2014;20:18404-12.

11. Kastenhuber ER, Lowe SW. Putting p53 in context. Cell. 2017;170:1062-78.

12. Kandoth C, McLellan MD, Vandin F, Ye K, Niu B, Lu C, et al. Mutational landscape
and significance across 12 major cancer types. Nature. 2013;502:333-9.

13. Hassin O, Oren M. Drugging p53 in cancer: one protein, many targets. Nat Rev
Drug Discov. 2023;22:127-44.

14. Peuget S, Zhou X, Selivanova G. Translating p53-based therapies for cancer into
the clinic. Nat Rev Cancer. 2024;24:192-215.

15. LoRusso P, Yamamoto N, Patel MR, Laurie SA, Bauer TM, Geng J, et al. The MDM2-
p53 antagonist brigimadlin (Bl 907828) in patients with advanced or metastatic
solid tumors: results of a phase la, first-in-human, dose-escalation study. Cancer
Discov. 2023;13:1802-13.

Cell Death and Disease (2024)15:375

Z. Wang et al.

16. Bitler BG, Aird KM, Garipov A, Li H, Amatangelo M, Kossenkov AV, et al. Synthetic
lethality by targeting EZH2 methyltransferase activity in ARID1A-mutated can-
cers. Nat Med. 2015;21:231-8.

17. Caumanns JJ, Wisman GBA, Berns K, van der Zee AGJ, de Jong S. ARID1A mutant
ovarian clear cell carcinoma: a clear target for synthetic lethal strategies. Biochim
Biophys Acta Rev Cancer. 2018;1870:176-84.

18. Lin CH, Vu JP, Yang CY, Sirisawad M, Chen CT, Dao H, et al. Glutamate-cysteine
ligase catalytic subunit as a therapeutic target in acute myeloid leukemia and
solid tumors. Am J Cancer Res. 2021;11:2911-27.

19. Wu C, Lyu J, Yang EJ, Liu Y, Zhang B, Shim JS. Targeting AURKA-CDC25C axis to
induce synthetic lethality in ARID1A-deficient colorectal cancer cells. Nat Com-
mun. 2018;9:3212.

20. Takahashi K, Takenaka M, Okamoto A, Bowtell DDL, Kohno T. Treatment strate-
gies for ARID1A-deficient ovarian clear cell carcinoma. Cancers. 2021;13:1769.

21. Xu S, Sak A, Niedermaier B, Erol YB, Groneberg M, Mladenov E, et al. Selective
vulnerability of ARID1A deficient colon cancer cells to combined radiation and
ATR-inhibitor therapy. Front Oncol. 2022;12:999626.

22. Cheng X, Zhao JX, Dong F, Cao XC. ARID1A mutation in metastatic breast cancer:
a potential therapeutic target. Front Oncol. 2021;11:759577.

23. Sun X, Chuang JC, Kanchwala M, Wu L, Celen C, Li L, et al. Suppression of the SWI/
SNF component Aridla promotes mammalian regeneration. Cell Stem Cell.
2016;18:456-66.

24. Bitler BG, Wu S, Park PH, Hai Y, Aird KM, Wang Y, et al. ARID1A-mutated ovarian
cancers depend on HDAC6 activity. Nat Cell Biol. 2017;19:962-73.

25. Grinkevich VW, Vema A, Fawkner K, Issaeva N, Andreotti V, Dickinson ER, et al.
Novel allosteric mechanism of dual p53/MDM2 and p53/MDM4 inhibition by a
small molecule. Front Mol Biosci. 2022;9:823195.

26. Surget S, Descamps G, Brosseau C, Normant V, Maiga S, Gomez-Bougie P, et al.
RITA (Reactivating p53 and inducing tumor apoptosis) is efficient against
TP53abnormal myeloma cells independently of the p53 pathway. BMC Cancer.
2014;14:437.

27. Wu S, Fatkhutdinov N, Zhang R. Harnessing mutual exclusivity between TP53 and
ARID1 A mutations. Cell Cycle. 2017;16:2313-4.

28. de Lange J, Verlaan-de Vries M, Teunisse AF, Jochemsen AG. Chk2 mediates RITA-
induced apoptosis. Cell Death Differ. 2012;19:980-9.

29. Shen J, Peng Y, Wei L, Zhang W, Yang L, Lan L, et al. ARID1A deficiency impairs
the DNA damage checkpoint and sensitizes cells to PARP Inhibitors. Cancer
Discov. 2015;5:752-67.

30. Smith J, Tho LM, Xu N, Gillespie DA. The ATM-Chk2 and ATR-Chk1 pathways in
DNA damage signaling and cancer. Adv Cancer Res. 2010;108:73-112.

31. Zhan Y, Zhou X, Peuget S, Singh M, Peyser BD, Fan Z, et al. Decreased DNA
damage and improved p53 specificity of RITA analogs. Mol Cancer Ther.
2022;21:1524-34.

32. Kim H, D’Andrea AD. Regulation of DNA cross-link repair by the Fanconi anemia/
BRCA pathway. Genes Dev. 2012;26:1393-408.

33. Wanzel M, Vischedyk JB, Gittler MP, Gremke N, Seiz JR, Hefter M, et al. CRISPR-
Cas9-based target validation for p53-reactivating model compounds. Nat Chem
Biol. 2016;12:22-8.

34. Zhao J, Liu C, Zhao Z. ARID1A: a potential prognostic factor for breast cancer.
Tumour Biol. 2014;35:4813-9.

35. Zhang X, Zhang Y, Yang Y, Niu M, Sun S, Ji H, et al. Frequent low expression of
chromatin remodeling gene ARID1A in breast cancer and its clinical significance.
Cancer Epidemiol. 2012;36:288-93.

36. Fadare O, Gwin K, Desouki MM, Crispens MA, Jones HW 3rd, Khabele D, et al. The
clinicopathologic significance of p53 and BAF-250a (ARID1A) expression in clear
cell carcinoma of the endometrium. Mod Pathol. 2013;26:1101-10.

37. Heckl M, Schmoeckel E, Hertlein L, Rottmann M, Jeschke U, Mayr D. The ARID1A,
p53 and B-Catenin statuses are strong prognosticators in clear cell and endo-
metrioid carcinoma of the ovary and the endometrium. PLoS ONE.
2018;13:20192881.

38. Guan B, Wang TL, Shih leM. ARID1A, a factor that promotes formation of SWI/
SNF-mediated chromatin remodeling, is a tumor suppressor in gynecologic
cancers. Cancer Res. 2011;71:6718-27.

39. Issaeva N, Bozko P, Enge M, Protopopova M, Verhoef LG, Masucci M, et al. Small
molecule RITA binds to p53, blocks p53-HDM-2 interaction and activates p53
function in tumors. Nat Med. 2004;10:1321-8.

40. Mandal J, Mandal P, Wang TL, Shih IM. Treating ARID1A mutated cancers by
harnessing synthetic lethality and DNA damage response. J Biomed Sci.
2022;29:71.

ACKNOWLEDGEMENTS

The authors thank Joong Sup Shim from the Faculty of Health Sciences, University of
Macau, Taipa, Macau for sharing the HCT116 and RKO ARID1A-isogenic cells; all the

SPRINGER NATURE

11



Z. Wang et al.

12

members of the Guangdong Provincial Key Laboratory of Gastroenterology for
sharing materials and protocols and for the constructive discussion.

AUTHOR CONTRIBUTIONS

ZW conducted drug screening and analyzed data. ZW, XZ, YL, CX, YH, KW, YY, ZW,
and WP conducted in vitro cell-based experiments and animal studies. ZW, YS, and
CW analyzed, interpreted data, and prepared figures. CW, SL, and YD designed and
supervised the project. ZW and CW wrote the manuscript. All the authors reviewed
the manuscript.

FUNDING

This study was supported by the National Natural Science Foundation of China (No.
82002553, No. 82172638, No. 12202178, China), GuangDong Basic and Applied Basic
Research Foundation (No. 2020A1515110026, No. 2021A1515111041, China), and
Guangzhou Science and Technology Program key projects (No. 2023B03J1236,
China).

COMPETING INTERESTS

The authors declare no competing interests.

ADDITIONAL INFORMATION

Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41419-024-06751-1.

SPRINGER NATURE

Correspondence and requests for materials should be addressed to Yi Ding, Side Liu
or Changjie Wu.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons

BY Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Cell Death and Disease (2024)15:375


https://doi.org/10.1038/s41419-024-06751-1
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Therapeutic targeting of ARID1A-deficient cancer cells with RITA (Reactivating p53 and inducing tumor apoptosis)
	Introduction
	Materials and methods
	Cell lines and culture
	Anticancer metabolism compound library drug screening and cell viability measurement
	siRNA silencing of�ARID1A
	Western blot and antibodies
	Tumor xenograft mouse�model
	Cell cycle and apoptosis�assays
	Coimmunoprecipitation
	Comet�assay
	RT-qPCR
	Statistical analysis

	Results
	RITA induces a synthetic lethal effect in ARID1A-deficient�cells
	ARID1A deficiency sensitizes to RITA-induced cell apoptosis
	ARID1A loss has an opposing effect on p53 targets in CRC�cells
	ARID1A loss enhances RITA-induced DNA�damage
	The synthetic lethality between ARID1A and RITA is dependent�on p53

	Discussion
	References
	Acknowledgements
	ACKNOWLEDGMENTS
	Author contributions
	Funding
	Competing interests
	ADDITIONAL INFORMATION




