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Abstract

Chromatin remodellers play a pivotal role in controlling gene expression thereby playing prominent roles
in tumour progression. AT-Rich Interacting Domain 1A (ARID1A) is a non-catalytic subunit of the
SWI/SNF chromatin remodelling complex that is frequently mutated in various cancers. Gastric cancer is
one of the leading causes of cancer mortality across the world and harbours ARID1A mutation in about
30% of cases. Despite being implicated with various synthetic lethal targets, there remains to be limited
clinical efficacy associated with ARID1A deficiency in tumour cells.

The cellular surface proteome, often referred to as the ‘surfaceome,’ acts as a vital interface between
afflicted cells and their immediate microenvironment. Within the context of cancer, this domain not only
defines the biology of tumours but also represents a valuable reservoir of potential biomarkers targets for
therapy. Here, we try to characterize the surfaceome in non-isogenic ARID1A-deficient and ARID1A
Wild-Type (WT) gastric cancer cell lines to compare and identify specific protein targets that can
negatively influence the tumour microenvironment (TME) or act as potential drug targets. This was
followed by an in-silico transcriptome analysis from TCGA to validate our findings as well as to gain
probable mechanistic insights into the function of ARID1A-deficient tumour cells.

Interestingly, we report the enrichment of proteins that primarily regulate migration, metastasis and
proteins that lead to an immunosuppressive TME. In concert with these findings, we also found a
significant enrichment of mitochondrial genes that regulate oxidative phosphorylation which several other
studies have found in SWI/SNF-deficient tumours.
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Chapter 1

Introduction

Chromatin remodelling complexes make it possible for cells to acquire extremely diverse functional
and morphological states in the body, despite sharing the same DNA by regulating chromatin
accessibility and thereby influencing gene expression. The growing literature on these complexes in
humans highlights the importance that they play in pathological conditions like cancer [1,2,3].
Amongst these, mutations in the genes encoding the subunits of SWI/SNF (Switch/Sucrose non-
fermentable) chromatin remodelling complex are the most frequent, collectively occurring in about
25% of all cancers [4,5,6]. The mammalian SWI/SNF complexes, also known as BRG1/BRM
associated factor (BAF) complex belong to three broad subfamilies - canonical BAF (cBAF);
polybromo BAF (PBAF); and the GLTSCR1 or GLTSCR1L-containing and BRD9-containing non-
canonical BAF (ncBAF). All three complexes contain the core catalytic subunits including SMARCC1,
SMARCCZ2, and either of the ATPases SMARCA4 or SMARCA?2, but also contain numerous non-
catalytic subunits that provide each of the complexes with a distinct identity [6].

Amongst the genes encoding the subunits of the SWI/SNF complex, AT-rich interactive domain 1A or
ARID1A is the most frequently mutated gene across all cancers with about 50% of ovarian clear cell
carcinoma (OCCCs) and about 25%-30% of all gastric cancers (GCs)[7,8,9,10,11,12]. ARID1A is
located on chromosome 1p36.11 and encodes a large protein with a molecular weight of about
250KkD. It is a core non-catalytic subunit of the ATP-dependent cBAF complex. The ARID1A protein
comprises two conserved regions: the N-terminal ARID (AT-rich interactive domain) domain and
the C-terminal section containing three LXXLL motifs [13]. While the ARID domain is believed to be
pivotal in enhancing BAF's chromatin affinity for specific targets in vivo, the C-terminal domain
facilitates interactions between various proteins and nuclear hormone receptors [14]. Both ARID1A
and its counterpart ARID1B share an ARID DNA-binding domain along with a homologous domain
of uncertain function. Although the precise role of this carboxy-terminal domain remains unclear, it
is speculated to possess ubiquitin ligase activity. [15].

Multiple studies provide cogent evidence highlighting the functional role of ARID1A as a tumour
suppressor [16,17,18,19]. Aberrations in chromatin remodelers often increase oncogene addiction
in these tumour cells making them potential synthetic lethal drug targets [20]. Synthetic lethality is
a phenomenon where the simultaneous loss of function of two genes causes cell death, whereas the
inactivation of any one of two genes independently has no impact on cell survival. Studies indicate a
gene-dose dependent role for ARID1A in tumour suppression [7] and likely follows the classical
Knudson ‘two-hit’ model of tumour suppression [21,22]. Currently, there are several preclinical
studies and ongoing clinical trials to identify viable and efficient synthetic legal therapeutic targets
for ARID1A-mutant cases [23].
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Figure 1. Current therapy options for ARID1A-deficient cancers. Figure reproduced from ref. [85] in accordance with the
Creative Commons license, CC by 4.0 (https://creativecommons.org/licenses/by/4.0/ ) Mandal et al. (2022)

The PI3K/AKT/mTOR pathway is an important growth and survival pathway in healthy cells, which
is often abused by malignant cells to proliferate unchecked in the pretext of cancer [24].
Aberrations in the PI3K/AkKT/mTOR pathway are one of the most common genomic abnormalities
in a variety of cancers. Several studies report that ARID1A mutations frequently co-occur with
mutations that lead to the activation of PIK3/AKT signalling pathways such as loss of PTEN and
gain-of-function mutations of the PIK3CA gene which encodes the catalytic subunit of the p110a of
PIK3[25,26]. Chandler et. al also showed that ARID1A-PIK3CA mutations co-occuring in ovarian
clear cell carcinoma (OCCC) induces inflammation-driven tumorigenesis via sustained IL-6
production. [L-6 is an inflammatory cytokine that triggers JAK/STAT3 signalling and has prominent
roles in tumor cell growth and differentiation [21]. Elevated levels of circulating IL-6 in patients
with OCCC are linked to unfavorable prognoses, suggesting that targeting IL-6 with an anti-IL-6
antibody like Siltuximab could offer a safe therapeutic approach for these patients. [21].

One of the possible underlying mechanisms of regulation of the PI3K/AKT signalling maybe through
the PI3K-interacting protein 1 (PIK3IP1), an inhibitor of the PI3K/AKT pathway. ARID1A binds to
the promoter of PIK3IP1 driving its expression [27]. However, in ARID1A-deficient cancer cells,
PIK3IP1 expression is decreased leading to the activation of the PI3K/AKT/mTOR pathway [28].

In addition to this, Polycomb Repressive Complex 2 (PRC2) has long been known to have functional
antagonism to the SWI/SNF complex [29,30]. The extensively studied catalytic subunit of the PRC2
complex, Enhancer of Zeste 2 (EZH2) functions as a methyltransferase and mediates gene
repression and promotes oncogenesis in a variety of cancers [31]. It is speculated to interact and
repress PIK3IP1 gene, however in the presence of ARID1A this function is dominated by the
activating signals of the SWI/SNF complex. In the absence of ARID1A, EZH2 represses the
expression of the PIK3IP1 and promotes the PI3K/AKT/mTOR pathway [28]. Furthermore, Li. et al
reported that ARID1A interacts with EZH2 by its C-terminal domain and antagonises its IFN
responsiveness and immune evasion via reduced IFN gene chromatin accessibility [32]. This led to
poor immunogenicity of OCCC tumours, which contradicts the majority of other reports that
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correlate ARID1A deficiency to positive effects on tumour immunity and patient response to
immune checkpoint blockade (ICB) therapies like anti-PD-L1 antibodies [33]. Another study
showed that HDAC2 acts as a co-repressor of EZH2 in the absence of ARID1A to suppress the
expression of genes like PIK3IP1 to inhibit apoptosis and promote proliferation [28].

Double-stranded breaks (DSBs) in the DNA during replication stress are usually repaired by the
error-proof homologous recombination repair (HRR)[20]. The inability to sustain an efficient DSB
repair makes the cells opt for an alternate highly-error prone non-homologous end-joining (NHE])
repair pathway [34]. Studies have shown that overactivation of the PIK3/Akt pathway suppresses
the HRR of DNA DSBs by several mechanisms like suppressing HRR by the action of p70S6 kinase-
dependent downregulation of MRE11[35]. Another mechanism by which the PI3K/AKT pathway
inhibits the HRR is by hindering the nuclear localisation of Rad51 and BRCA1 proteins [36,37]. Due
to ARID1A gene’s established correlation with the PI3K pathway, a recent study by VA Yakovlev and
colleagues demonstrated that ARID1A deficiency led to attenuation of HRR by stimulating the
PI3K/AKT pathway making the cells sensitive to PARP inhibitors [38]. Additionally, a critical role of
ARID1A in regulating the DNA damage checkpoint involves its recruitment to DNA double-strand
breaks (DSBs) through interaction with the upstream DNA damage checkpoint kinase ATR [39]. At
a molecular level, ARID1A facilitates the efficient processing of DSBs into single-strand ends.
Consequently, the absence of ARID1A renders cancer cells more susceptible to PARP inhibitors both
in vitro and in vivo models [40]. However, the effectiveness of PARP inhibitors in patients with
ARID1A alterations remains uncertain. Hu et al. conducted screenings on several breast and ovarian
cancer cell lines and found that loss of ARID1A conferred resistance to PARP inhibition therapy
[41].

In gastric cancer, ARID1A mutations are usually associated with Epstein-Barr virus (EBV) positive
and microsatellite instability (MSI) subtype/ DNA mismatch repair (MMR) protein deficiency and
are characterised by frequent overexpression of PD-L1/L2, CDKN2A methylation, PIK3CA
mutations and relatively less TP53 mutations [42,43]. ARID1A has been implicated with MMR-
deficiency as it works to recruit MSH2 during replication and inactivation of ARID1A leads to
functional impairment of MMR and accumulation of gene mutations [33,28]. Due to its established
roles in DNA damage repair mechanisms, it has been hypothesised that ARID1A-deficiency causing
alterations in the DNA damage pathways leads to increased genomic instability & mutagenesis in
the cell leading to the production of increased neoantigens on the cell surface [44,33]. An analysis of
14 gastric cancer cohorts showed that ARID1A-deficient GCs showed increased expression of PD-L1
and correlated with decreased overall survival in patients. These studies indicate that immune
checkpoint inhibition therapies like anti-PDL1 therapies may be a good therapeutic option of
ARID1A deficient patients in GC [45].

A recent study by S. Wu validated the use of a glutaminase inhibitor to suppress the growth of
ARID1A mutants, but not wildtype, OCCCs in both orthotopic and patient-derived xenografts. The
SWI/SNF complex represses glutaminase (GLS1) and they reported that ARID1A inactivation led to
the upregulation of GLS1[46]. GLS1 is a mitochondrial enzyme that hydrolyses glutamine into
glutamate and fuels rapid proliferation, invasion and metastatic colonization of cancer cells [47]. In
addition, glutaminase inhibition was shown to work in synergy with ICB anti-PDL1 antibody in a
genetic OCCC mouse model driven by conditional ARID1A inactivation[46].

Newer targets that affect tumour metabolism are now being extensively studied as potential
combination therapy options. A previous study by our lab revealed that ARID1A-deficient cells
display an unusual mitochondrial phenotype making them more vulnerable to Polo-like kinase 1
(PLK1) inhibition[47]. Lastly, ARID1A mutated cancer cells have been found to be sensitive to ROS-
inducing agents like elescomol compared to ARID1A-WT cells[48]. Ogiwara et al. established a
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connection between ARID1A and glutathione metabolism, which is mediated through the regulation
of the cystine/glutamate transporter XCT. This discovery underscores that reduced glutathione
synthesis represents a metabolic vulnerability in cancers harbouring ARID1A-inactivating
mutations. [49].

In contexts unrelated to cancer, research has brought attention to germline mutations in SWI/SNF
genes as contributors to various intellectual disability syndromes. Specifically, ARID1B
haploinsufficiency has emerged as a likely factor in causing abnormalities in the corpus callosum
and concurrent intellectual disabilities among several patients. Subsequently, Hoyer et al. [61]
reported ARID1B haploinsufficiency in 0.9% of an unselected group of 887 patients with
unexplained intellectual disability. Alterations in SWI/SNF genes such as ARID1B, ARID1A,
SMARCA4, SMARCE1, and SMARCB1 have been associated with Coffin-Siris Syndrome, a rare
intellectual disability disorder characterized by various manifestations including hypoplasia of the
distal phalanx or nail of the fifth and additional digits, hypotonia, and distinctive facial features [62].

1.1 Aims and Objectives

The majority of the currently studied therapies for ARID1A-deficient cancers are conducted in cell
lines and isogenic mouse models and show promising results only in these pre-clinical settings.
None of these studies have been able to translate into very successful clinical trials. Moreover, most
of the studies show pre-clinical relevance and significance only in gynaecological cancers. Studies
from our lab using an extensive drug panel (Supplementary Fig. 1) targetting various synthetic
lethal targets in non-isogenic GC cell lines did not show any significant difference in cell viability
between ARID1A-wildtype and mutant cell lines.
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Figure 2. Cell viability curve for 3 ARID1A-wildtype(red) & 3 ARID1A-mutant(blue) GC cell lines using several different
drugs known to have synthetic lethal effects on ARID1A-mutant cells.
Image courtesy — Norbert Tay, PhD., Dr. Anand D. Jeyasekhran Lab
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This may be because of the inherent variability between different cancers as well as the
heterogeneous nature of tumours. Moreover, the biological implications from one model system
may not essentially translate to another system. This indicates that the functional roles of ARID1A
are context-dependent and has broader implications on cell functioning than anticipated.

The tumour microenvironment (TME) plays a significant role in regulating tumour growth, with
cell-surface proteins serving as crucial mediators of communication between the TME and tumour
cells. Given that ARID1A’s primary function involves transcription regulation, we propose that it
could also impact the expression of specific membrane proteins, thereby affecting cancer cell
survival and proliferation. Consequently, identifying differentially expressed cell-surface proteins
in ARID1A-deficient cells could pinpoint potential therapeutic targets for intervention.

Therefore, the main objective of this project was to isolate, identify and compare the cell-surface
protein repertoire between ARID1A WT vs mutant/deficient GC cell lines and look for differentially
expressed surface proteins that can be promising drug targets for cancer therapy in ARID1A-
deficient tumours. To this end, we use a biotin-streptavidin system to co-immunoprecipitate cell-
surface proteins and analyse the proteins through mass spectrometry. In addition to this, we also
did an RNA-sequencing analysis using the TCGA-STAD (stomach adenocarcinoma) datasets for a
more comprehensive understanding of the pathogenesis associated with ARID1A in gastric cancer.
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Chapter 2

Methods

2.1 Cell-Lines and cell cultures

Cell lines were grown and cultured in RPMI or DMEM medium in 100 mm culture dishes in
standard conditions at 37°C in 5% CO2. The media was supplemented with 10% fetal bovine serum
(FBS) and other cell-lines specific additives. Cells were split regularly after reaching 80%-85%
confluency. The following table enlists different cell lines with their required media components.

Cell Line Media Components

AGS RPMI-1640 + 10%FBS + 1%NEAA

NUGC-4 RPMI-1640 + 10%FBS + 1%NEAA

SNU-1 RPMI-1640 + 10%FBS + 1%NEAA

SNU-5 RPMI-1640 + 10%FBS + 1%NEAA

NUGC-3 RPMI-1640 + 10%FBS + 1%NEAA

OCUM-1 DMEM + 10%FBS + 1%NEAA + 0.5mM Sodium Pyruvate
HEK293T DMEM + 10%FBS

2.2 Flow-cytometry

For efficient extraction, the first step is to decide an optimal concentration of biotin solution to
efficiently tag surface membrane proteins. For this, 1 million cells were seeded in culture plates 48h
before biotinylation. For biotinylation, the cells were incubated with different concentration of cold
biotin solution in PBS on ice or in 4°C for 30 mins followed by quenching with 50mM glycine
solution. The cells were washed in PBS, scrapped and collected followed by resuspension in FACS
buffer. Finally, the samples were incubated with streptavidin-fluorophore. before analysing by
Celesta FACS Analyser.

2.3 Immunofluorescence Assay

0.1 million cells were seeded in 24-well plates on a cover-slip for immunofluorescence assay (IFA).
Two days prior to seeding the cells were incubated in different concentrations of cold biotin
solution followed by fixing cells in 4% PFA after quenching the excess biotin in 50mM glycine in
PBS. The cells were then blocked in bovine serum albumin (BSA) for one hour followed by washing
with PBS thrice. The cells were then incubated with, streptavidin fluorophore & Hoescht 33342 for
1 hr followed by mounting and imaging using fluorescence microscopy.

2.4 Cell-Surface Protein Isolation using biotin-streptavidin
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Cells were cultured in 15cm dishes or T75 flasks until 90%-95% confluency for adherent and
suspension cells respectively. The cells were then treated with 5 mL of 0.5 mg/mL biotin (Cat

No. 21331, EZ-Link™ Sulfo-NHS-SS-Biotin) solution or PBS for 30 mins on ice for treatment and
control respectively followed by quenching with 10 mL of 50mM glycine solution for 15 mins on ice.
After biotin treatment, the cells are collected and lysed using RIPA buffer. A part of this lysate is
kept as the ‘input’ fraction. This input fraction contains all the cell proteins including the
biotinylated as well as the non-biotinylated proteins. Further, 200uL of 3ug (total 600ug) of this
lysate was incubated with streptavidin beads (magnetic beads) for 4 hours at 4°C. Post incubation,
a small fraction of the supernatant was kept as the ‘intracellular’ or the ‘flow-through’ which should
contain all the non-biotinylated proteins. The beads were then taken and heated to 95°C in Laemmli
buffer to separate the biotin and streptavidin from the beads by denaturing it. This fraction is called
the ‘cell-surface’ fraction containing the biotinylated proteins. These samples were then submitted
for MS after validation with western blot.

2.5 Western Blotting

Protein lysates were subjected to SDS/PAGE (10% agarose gel for biotinylated pull-down samples
and 7% gel for ARDI1A expression gels run at 80V for 15 mins immediately followed by 110V for 60
mins) and transferred to nitrocellulose membrane overnight at 30V for 900 minutes. They were
then incubated in the corresponding primary and secondary antibodies.

2.6 Mass Spectrometry

We used label-free quantification (LFQ) for analysing cell surfaceome enrichment in 5 different GC
cell lines - AGS, NUGC-4 (ARID1A-WT) and SNU-1, SNU-5 and OCUM-1 (ARID1A mutants). For
quantification, protein groups with LFQ intensities (non-zero values) in less than three replicates
(total 4 biological replicates for each cell line) in either the treatment or control sets in all the cell
lines were removed keeping rest of the MS data intact. To avoid creating unrealistic ratios, the zero
values were imputed from a random distribution from the lower end of the spectrum. The
variations during multiple rounds of imputation were represented as standard deviation in the final
processing. For further processing, we selected proteins associated with the GO term GO0005886
(plasma membrane) with log2fold change of 2 and a significance cut-off of p<0.01 to assess the
prevalence of surface membrane proteins in the pool of enriched proteins. Finally, to compare
between the ARID1A-WT and mutant cell lines i.e AGS, NUGC-4 vs SNU-1, SNU-5 and OCUM-1, we
first found the common significantly enriched plasma membrane proteins (log2FC>2 and p<0.01)
between AGS and NUGC-4 and similarly between SNU-1, SNU-5 and OCUM-1. These common
groups were then further plotted in Venn diagrams to identify unique and common significantly
enriched plasma membrane proteins between ARID1A-WT and mutant cell lines.

2.7 ARID1A Overexpression Cell Lines

We used a lentivirus system to induce overexpression in three non-isogenic ARID1A-deficient
gastric cancer cell lines - SNU-1, SNU-5 and OCUM-1. We used three different tetracycline-inducible
plasmid constructs per cell line - Empty, LacZ and ARID1A- puro lentivirus plasmids (pLenti-
puro)[84]. These plasmids contain a puromycin-resistant gene that acts as a selection marker to
identify successfully infected cells from the non-infected cells. A kill curve was used to determine
the lowest concentration of puromycin that would be needed to effectively kill all the live cells in a
plate. 400k, 200k, and 100k cells were seeded in each of the wells in a 6-well plate for SNU-5,
OCUM-1 and SNU-1 cells respectively and incubated for 24 hrs before titrating it with various
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concentrations of puromycin ( 0.1 ug/mL, 0.5ug/mL, 1ug/mL, 2ug/mL and 5ug/mL). Cell viability
was measured using CellTitreGlo in SNU-5 and SNU-1 whereas crystal violet staining was used for
OCUM-1 cells. 1 million HEK293T cells were seeded in a 10 cm dishes (3 plates per construct-
Empty, Vector & ARID1A) one day before transfection of HEK293T cells. The following day
packaging plasmids (pMDL9-RRE, pRSV-REV, pMD2G-VSVG) were mixed with respective target
plasmids and added to HEK293T cells. The culture media was changed early the next morning
followed by incubating the cells for 48hr at 37°C and 5% COZ2. After incubation, the viral media was
harvested and added to target cells. For adherent cells OCUM-1, the harvested viral media was
added to 1 million cells seeded in a 10cm dish and left to incubate in 37°C and 5% CO2 for 48hrs.
For suspension cell lines SNU-1 and SNU-5 we followed a typical double spinfection method in
which 3 million cells were seeded (1 million per well) per construct for each of the cell lines in a 12-
well plate and the virus was added to these wells along with polybrene. These cells are then
centrifuged for 1.5 hr at 2500 rpm in 32°C. After this the cells are left to incubate for 24 hrs and the
process was repeated followed by incubating the cells for 48hrs. After this, the cells were pooled
together and transferred to 6-well plates for selection by adding puromycin. Puromycin ensures the
killing of all the non-transfected cells. The cells are grown until confluency and then transferred to
new flasks with fresh media and grown followed by doxycycline addition. Finally, we conducted a
western blot to check for overexpression in the target cells.

2.8 RNA-Sequencing Analysis

Data for gastric cancer was downloaded from TCGA database-TCGA STAD (Stomach
adenocarcinoma) and STAR counts analysed and normalised using DEseq2. 111 of the 412 samples
were known to have ARID1A mutations. We further categorised these mutations on the basis of
mutation types as truncating (frameshift, deletions and splice variants) or missense. Additionally,
the tumour purity score was used to further normalise the gene counts according to the overall
ARID1A expression in the tumour. Based on the PUREE calculation method, our TCGA-STAD
samples purity scores ranged from 0.48 to 0.96, with an average score of 0.70. The Differentially
expressed genes (DEGs) with expression values greater than log2(0.5) and p-values<0.05 were
considered significantly upregulated or downregulated. The volcano plots showing the DEGs were
generated using R-software. After Differential Gene Expression Analysis, pathway analysis was
conducted using ClusterProfiler. Enriched pathways were selected using GO ontology for Cellular
Compartments, Biological Process and Molecular Function. Statistically significant pathways were
selected based on FDR values.
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Chapter 3

Results

3.1 Cell-surface proteins can be efficiently enriched using Biotin-Streptavidin interaction

A frequently utilized method for investigating the cell surface proteome involves the addition of a
biotin tag to the sugar chains of membrane glycoproteins or to extracellular lysine residues,
followed by an extraction via pulldown using streptavidin analogs [50,51]. In our study, we used
sulfo-NHS-SS-biotinylation followed by a pull-down using streptavidin dynabeads. Amongst the
various biotinylation reagents present, Sulfo NHS-SS-Biotin has proven to show the best efficacy in
isolating cell-surface molecules [52]. Its distinguishing features include the presence of a
sulphonate group on the N-hydroxysuccinamide (NHS) ring which increases the water solubility of
NHS-esters. Being hydrophilic makes it difficult for it to penetrate the plasma membrane, hence
making it ideal for binding to cell-surface proteins. Chemically, sulfo-NHS esters react
spontaneously with a deprotonated amine forming an amide bond (Fig.3).
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(later removed by gel filtration)

Figure 3. Structure of sulfo-NHS-SS-biotin molecule and it’s mechanism of action.

We first optimised this protocol for our gastric cancer (GC) cell lines by titrating the cells using
different concentrations of biotin (0.5 mg/mL and 0.25 mg/mL) solution followed by a flow-
cytometry analysis to confirm biotin tagging in the cells (Fig.5). We observed distinct peaks
between the control samples and biotinylated samples in both the concentrations. Further, an IFA
against a known cell-surface marker EGFR also confirmed the efficient binding of the biotin tags to
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surface molecules (Fig.6). After optimization, we finally decided to use a concentration of
0.5mg/mL for our further experiments.

Magnetic streptavidin-
agarose beads
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Figure 4. Overall methodology of cell-surface protein isolation and identification. (created by Biorender.com)
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Figure 5. Flow-cytometry - Fluorescence peaks indicating biotinylated (red), non-biotinylated control (yellow) and

unstained samples (blue). Figures a & b represent the following peaks at 0.5 mg/mL concentration of biotin solution in
AGS and NUGC-4 cell lines respectively. (N=1, n=1)
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Figure 6. Fluorescence images AGS and NUGC-3 at 0.5 mg/mL biotin solution. (N=1, n=3)

Before our final optimisations, we also confirmed the expression of ARID1A in 10 GC cell lines using
western blotting. AGS, HGC-27, NUGC-4, SNU-16 and KATO-III are ARID1A-WT whereas SNU-1,
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SNU-5, NUGC-3, IM95 and OCUM-1 are ARID1A-mutant cell lines with SNU-1, SNU-5 and OCUM-1
showing complete lack ARID1A protein (Fig.7).

WT Mutants
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Figure 7. ARID1A & EGFR expression in ten different gastric cancer cell lines - ARID1A WT (AGS, HGC-27, SNU-16,
KATO III, NUGC-4) and ARID1A mutants (SNU-1, SNU-5, NUGC-3, OCUM-1, IM95). Western blot analysis showed absence
of ARID1A expression in SNU-1, SNU-5 and OCUM-1 cells (ARID1A mutants). The proteins were run on a 7% acrylamide
gel for SDS-PAGE.

Prior to sending our samples for MS analysis we checked the pull-down results using western
blotting (Fig.8). The western blots were used to compare the ‘input’ fraction containing all the
cellular proteins including biotinylated membrane proteins as well as the other cytosolic proteins,
the ‘flow-through’ or the ‘intracellular’ fraction which is the supernatant after incubating the lysate
with streptavidin beads. This usually contains most of the cellular proteins excluding the plasma
membrane and lastly, the ‘cell-surface’ fraction containing all the pulled-down proteins. All the 5
cell lines were appropriately tagged and the enriched proteins could be visualised using
streptavidin-HRP in the western blots. For these, cytosolic protein B-actin was our negative control
and as expected it always showed up in the input and flow-through fractions but never in the cell-
surface fraction. On the other hand, EGFR was used as a positive control due to its usual presence
on the plasma membrane. Fainter bands of EGFR in the cell-surface lane can be explained by the
fact that cell-surface proteins comprise only a small part of the total proteins in the cell therefore,
the concentration of proteins in the cell-surface is much less than the other lanes. Moreover,
compared to the normal Laemmli buffer (containing DTT) used for elution of proteins from the
beads for MS, the beads for the western blot were eluted only using Nu-PAGE 4X buffer (no DTT)
because DTT acts as a reducing agent to break S-S bond in the biotin molecule rendering it unable
to bind to streptavidin-HRP and hence no visual bands in the blot. Therefore, we can assume that
the Nu-PAGE buffer is less efficient in eluting the proteins from the beads compared to the Laemmli
buffer.

The enrichment analysis between the input, flow-through and the extracellular fraction using mass
spectrometry confirmed the efficacy of the pull-down (Supplementary fig.2). We used a GO term
analysis to see the relative abundance of cell surface and plasma membrane proteins compared to
other proteins in the cells. In the plots below the pull-down proteins have been called the
biotinylated group for simplicity. In all the 5 cell lines the biotinylated proteins always enriched for
cell-surface proteins when compared to the input or the non-biotinylated fractions signifying the
efficiency of our protocol and purity of our samples (Fig.9). In addition to this, a different plot
comparing the enrichment between the ‘input and biotinylated’ as opposed to ‘biotinylated vs
input’ proteins showed enrichment for other cytosolic and nuclear proteins further solidifying our
claims.
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Figure 9. Bar plots for GO term analysis in AGS, NUGC-4, OCUM-1, SNU-1, SNU-5 cells -. Each cell-type has 3 plots
comparing enrichment of proteins between biotinylated (pull-down) vs non-biotinylated (control), biotinylated vs input
and input vs biotinylated respectively. As seen in the plots, biotinylated group should be enriched in surface proteins and
the input group should be enriched in cytosolic/nuclear proteins.

3.2 ARID1A-deficient cell lines specifically enriched for cell-surface proteins involved in
immunosuppression and cell migration

Analysis of the enriched proteins using MS revealed 146 unique proteins in ARID1A-WT group, 68
unique proteins in the ARID1A-deficient group and 73 proteins common between both groups
(Fig.10). Amongst the 68 proteins differentially expressed on the ARID1A-deficient group, the
majority of the genes were involved in cancer migration, invasion and tumour metastasis. Some of

23



these genes include calmodulin-2(CALM2), Annexin-1 (ANXA1), ezrin (EZR), macrophage migration
inhibition factor (MIF), scavenger receptor protein class B member 2 (SCARB2), metadherin
(MTDH), cell divison cycle -42 (CDC42), RAC1 and actin related protein 2/3 complex subunit 2
(ARPC2) amongst the many others (Supplementary Figure 3). The major functions of some of these
genes have been briefly mentioned subsequently.

Biotinylated vs Non-biotinylated Cell Surfaceome Analysis

146 73 68

ARID1A Mutant Cell lines

) . (OCUM-1,SNU1,SNU5)
ARID1A Wild-type Cell lines

(AGS, NUGC-4)
ARID1A Mutant Biotinylated vs Non-biotinylated ARID1A Wild-type Biotinylated vs Non-biotinylated
0OCUM-1 SNul

53

137 183
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Figure 10. Venn diagrams show the number of unique and common proteins that were enriched in the biotinylated
groups compared to the non-biotinylated controls in ARID1A-mutant & ARID1A-wt cell lines. The common surface
proteins in the ARID1A-wt (219) and mutant groups (141) were then compared to find the unique and common cell-
surface proteins between the two groups.

Calmodulin (CALM) is a Ca2+ binding protein existing in all eukaryotic cells. It can bind to various
target proteins to manipulate the activities of multiple enzymes. It can also moderate control in
various pathways and adaptor molecules that can have numerous downstream effects, hence
controlling tumour cells’ migration and invasion. Elevated expression of CALM2 has been
associated with adverse prognostic outcomes in GC and has been shown to promote tumour cell
proliferation, migration, invasion and angiogenesis in HUVEC cells. Moreover, CALM2 upregulation
induces M2 polarisation of THP1 macrophage cells, contributing to the establishment of an
immunosuppressive tumour microenvironment. In vivo models have demonstrated heightened
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malignancy and metastasis in response to CALM2 upregulation. Mechanistically, it is believed to
activate these pathways via the JAK2 /STAT3/HIF-1/VEGFA axis in GC [54].

Annexin A1 (ANXA1) is a member of the calcium/phospholipid-binding protein family and is
involved in various biological processes such as calcium signalling, anti-inflammatory effects,
receptor mobilization, cell proliferation, and tumour progression. Its role in oncogenic functions
including chemotaxis, invasion, and angiogenesis has been well documented [55]. In HER+ breast
cancer, loss of ARID1A has been linked to resistance to Trastuzumab and promotion of metastasis
through ANXA1 overexpression[56]. Similarly, in gastric cancer, increased ANXA1 expression is
associated with advanced disease stages and peritoneal dissemination. It has been proposed that
ANXA1 in GC transcriptionally upregulates membrane formyl peptide receptors (FPRs), leading to
the activation of ITGB1BP1 via ERK phosphorylation. Additionally, ANXA1 contributes to an
immunosuppressive microenvironment through mechanisms such as M2 polarization of
macrophages and suppression of T-cell response[57].

Ezrin, a member of the ERM family of proteins regulates cell networks by linking actin cytoskeleton
to the cell membranes [58]. The ERM family, actin cytoskeleton, and cell membranes collectively
form dynamic domains like lamellipodia and filopodia, aiding in cell locomotion. ERM family
proteins undergo regulated conformational changes between inactive and active states to engage
with their interacting partners, a process tightly regulated by phosphorylation mediated by various
kinases, including threonine and tyrosine kinases. Ezrin upregulation in the plasma membrane is
usually associated with disruption of cell-cell contacts therefore facilitating the process of invasion.
It is also responsible for controlling apical-basal polarity in normal cells [59]. Interestingly, ezrin
was found to be significantly upregulated in most ARID1A-mutant cases and associated with
unfavourable clinical outcomes in GC patients. Moreover, it was also observed to influence the
tumour immune microenvironment with a notable positive correlation with neutrophil infiltration
[60].

Another recent study directly highlights the role of PAHB in creating an immunosuppressive TME
by activating cancer-associated fibroblasts (CAFs) in ARID1A-deficient lung cancer cells [53]. The
exact mechanism of action remains elusive but P4HB is known to help in creating an oxidising
environment in the endoplasmic reticulum (ER) for disulphide bond formation [63].

Along with the mentioned upregulated proteins, we observed the presence of several Rho-GTPases
that have prominent and established roles in promoting and activating oncogenic pathways in
multiple cancers [64]. Amongst the enriched proteins on ARID1A-deficient cells, Rho-GTPase family
members CDC42 and RAC-1 are notably important regulators of tumour progression. Both of these
have been shown to regulate multiple oncogenic pathways in cancer and influencing processes like
metastasis by controlling microtubule instability, actin dynamics, transcription and nuclear
signalling. RAC-1 responds to extracellular cues from hormones, adhesion molecules, cytokines and
growth factors by alternating between an inactive GDP-bound form and an active GTP-bound form
which is mediated by GAPs and GEFs [65]. Likewise, CDC42 also acts as a signal transducer whose
activity is also regulated by guanine nucleotide exchange factors (GEFs) and GTPase-activating
proteins (GAPs) and momentarily interacts with its downstream effector proteins eliciting
cytoskeleton reorganisation, alterations in cell-cycle and transcription [66]. In addition, significant
enrichment of several structural actin-cytoskeleton proteins like ARPC2 that have been well
implicated in metastasis not only in GC but also other cancers[83] might point towards a role of
ARID1A in indirectly controlling the actin dynamics and metastasis.
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3.3 RNA-seq analysis further validated the role of immunosuppressive modulators in
ARID1A-deficient Gastric Cancer patients

For further comprehensive understanding and validation of the enriched proteins in our proteomic
analysis, we did an RNAseq analysis of 412 samples from the TCGA-STAD dataset. Our primary goal
was to compare the differentially expressed genes (DEG) between ARID1A-mutant and ARID1A-WT
patients. Amongst the 412 patient samples, 112 patients belonged to the ARID1A-mutant group
whereas 300 samples belonged to the ARID1A-WT group. Ongoing studies in our lab using patient
tissue samples from two distinct GC cohorts report a clear demarcation in the protein expression
levels of ARID1A in the tumour cells compared to the surrounding stromal cells. Tumours with low
ARID1A expression only show loss of ARID1A expression in the tumour cells, and not the stromal
cells (Supplementary fig.4). In addition, we found that several tumours showed a higher presence of
ARID1A despite being ARID1A-mutants, alluding to the fact that the ARID1A mutational status
doesn’t necessarily coincide with the protein expression. To account for these confounding
variables, we used the tumour purity score to designate new count values for ARID1A expression in
each patient. A higher tumour purity score would signify that the observed gene expression is
primarily from the tumour core and the contrary would correspond to a higher stromal gene
expression. Furthermore, we sub-divided the TCGA mutant group based on mutation type as
truncating mutant variants (93/412) (Supplementary fig.5)and missense variants (19/412) for
individual comparison of DEGs between the two groups against the wild-type (300/412) cases.
Finally, we did a cohort-wide global comparison between all 412 samples based on overall ARID1A
gene expression as ARID1A-low ( gene expression <10.5) and ARID1A-high (gene expression > 12)
(Fig 11 & 12).

We found many genes significantly upregulated genes in the ARID1A-low group among which six
genes were common between our proteomic and transcriptomic analysis that included MIF, ANXA-
1, SDHB, ARPC2, CSNK2B and NDUFC2.

Macrophage migration factor or MIF is a pleiotropic cytokine that inhibits the random migration of
macrophages and is involved in the regulation of several immune and inflammatory processes[67].
MIF expression has now been shown to be elevated in multiple solid cancers and is generally
correlated with a poorer prognosis [68]. Its oncogenic functions are facilitated by both autocrine
and paracrine signalling which leads to various downstream effector pathways including the
PIK3/AKT and the canonical ERK/ MAPK pathway in tumours, as well as immune cells like T-cells,
dendritic cells and macrophages. Tumour-derived MIF stimulates myeloid-derived tumour
suppressor (MDSCs) phenotype by its direct interaction with its receptor CD74 or via hetero-
complexes like CD74/CXCR2 and CD74/CXCR4 or/and CXCR?7. In addition, tumour-derived MIF
causes tumour progression likely due to monocyte/macrophage-dependent angiogenesis and
helping in M2 polarization of TAMS [69]. Alluding to this mechanism, we also found the significant
upregulation of MIF, CD74, CXCR2 and CXCR4 (all p.adj < 0.001) in the ARID1A-low group.

Another notable moderator of immune function in our RNAseq analysis is indoleamine 2, 3-
dioxygenase 1 or IDO-1. IDO-1 is a crucial cytosolic enzyme in the tryptophan catabolism pathway
that converts tryptophan (Trp) to kynurenine (Kyn)[70]. The reduction of tryptophan levels and
elevation of kynurenine play important roles in immune suppression by stimulating T-regulatory
cells (Tregs) and MDSCs, compromising the function of effector T-cells and natural killer cells (NK
cells), and promoting neovascularisation in solid tumours. Under normal physiological conditions
in adult humans, IDO1 is typically absent in most tissues but is constitutively expressed in
numerous types of cancer cells, stromal cells, and immune cells within the tumour
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microenvironment. IDO-1 can be activated through several upstream pathways like [FN-gamma
mediated JAK/STAT pathway, PI3K/PKC pathway, KIT/RAS and is also activated by
immunomodulatory surface proteins like PD-L.1 and CTLA-4 [71]. A recent study also reported
increased tumour progression and immunosuppression in CD86 and PD-L1 positive hepatocellular
carcinoma cells (HCC) through an IL-6/1SX (intestine-specific homeobox) axis [72]. Furthermore,
extensive literature indicates a strong association of IDO-1 with resistance to immune checkpoint
inhibitors (ICI) in multiple cancers [73]. Our cohort-wide analysis also showed a marked
upregulation of PD-1 gene (PDCD1) in the ARID1A-low group. Currently, there are several ongoing
clinical trials to devise effective combinatorial IDO-1 treatment options that improve response to
ICl in solid tumours.
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Figure 11. ARID1A gene expression plot - Figure shows ARID1A expression in 412 patients in the TCGA cohort with a
median gene expression value of ~12 units. The ARID1A low and high cut-offs were made based on this expression
pattern of ARID1A.
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Figure 12. Volcano plot showing DEGs in ARID1A-high vs low tumours - Cut-off values for enriched proteins is value
>log2fc(0.5) and p-value <0.05.
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Figure 13. Enriched pathways in the DEGs between ARID1A-high vs low tumours

3.4 ARID1A and mitochondrial metabolism

Another frequently upregulated group of proteins we found include proteins that control cellular
metabolism (SCRAB2, TKT, CRKL, etc), mitochondrial functions (SDHB, STOMLZ2, VDAC-1, NDUFC2).
(Fig.13 & Supplementary fig.3).

Previous data from lab has shown increased oxidative phosphorylation (OXPHOS) and
mitochondrial depolarisation to be associated with ARID1A-deficiency in GC cell lines. These
findings were further substantiated by the enrichment of mitochondrial OXPHOS genes at both the
protein as well as RNA levels. SDHB, STOMLZ2, VDAC-1 and NDUFC2 are known to have oncogenic
functions in certain cancers [74,75,76], however deeper understanding of these genes in the
context of ARID1A-deficiency remains to be elusive. Further analysis of the participating pathways
involved would provide more meaningful conclusions to this observation.
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Discussion

Being an important part of a chromatin remodeler, disruptions in the regular expression of ARID1A
can lead to the altered functioning of the SWI/SNF complex leading to differential protein
expression in the tumour cells. Despite the well-known implications of ARID1A-loss in tumour cells,
there are currently no clinically relevant drugs to specifically target ARID1A-deficient cancers. This
may be confounded by the heterogeneous nature of tumour cells and variability across different
cancers. Moreover, surgical intervention and chemotherapy still remain to be the current norm for
GC patients. Other treatment options like immunotherapy are usually used as a 2nd -3rd ]ine
treatment for GC patients with relatively low response rates [78]. Therefore, this compels us to look
for new, safer and non-invasive combinatorial therapy options for at least a subset of GC patients
with ARID1A deficiency.

Cell surface proteins play essential roles in immune responses, signalling pathways, cell
interactions, and migration. Expression patterns of specific cell surface proteins are key
determinants of cell identity and can be modified in various malignancies including cancer [77]. In
cancer, these expression patterns can be regulated by several intrinsic and extrinsic factors that
collectively influence the morphological, physiological and functional landscape of the tumour.

With this pretext, we compared the cell surfaceome of ARID1A-wt and deficient cells to examine
differentially expressed proteins on the cell surface that might indicate possible targets for
intervention. Our findings point towards an apparent correlation between ARID1A-loss and
upregulation of surface proteins aiding in metastasis and invasion of cancer cells through diverse
signalling cascades that control the tumour microenvironment (TME), cytoskeletal remodelling, cell
survival and cell metabolism. A particular limitation to this was the limited number of cell lines that
we could process in the given timeframe for our experiments. Other drawbacks to this are - i)
asymmetrical comparison between the mutant and wildtype cell lines - 2 WT vs 3 mutant cell lines,
ii) the cell lines were not similar in their source of origin - AGS cells come from a primary tumour
whereas rest of the cell lines - NUGC-4, OCUM-1, SNU-1 & SNU-5 belong to metastatic tumours, iii)
lastly, the WT cells (AGS & NUGC-4) were adherent cell lines and the mutant cell lines were
primarily suspension cell lines (SNU-1, SNU-5) except OCUM-1 which was adherent. These
differences may or may not cause a sizeable difference in our results, however, it is necessary to be
mindful of these considerations.

Nevertheless, to further verify these results and look for additional targetable pathways, we did an
in-silico analysis to compare the gene expression between ARID1A-high and low patients in the
TCGA-STAD cohort of 412 cases. Six genes was found to be upregulated in both RNA-Seq and MS
results -MIF, ANXA-1, SDHB, CSNK2B, NDUFC2 and ARPC2 between our proteomic and
transcriptomic analysis. In addition, we also found IDO-1 as an important upregulated gene in
ARID1A-low group in the RNA-seq analysis.
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Figure.14 IDO-1, MIF and ANXA-1 can be possibly targeted using drugs to control immunosuppression and
metastasis

ANXA-1 and IDO-1 are both well-characterized proteins with unambiguous and established roles in
enabling an immunosuppressive TME which not only reduces the tumoricidal activation of the
relevant immune cells but also facilitates metastasis and neovascularisation by the formation of a
pro-tumorigenic inflammatory niche. Both of these genes have been implicated in immune
responses that favour M2 macrophage polarization, and proliferation of MDSCs and Tregs by
promoting enrichment in dendritic cells (DCs) and TH17 respectively. Recently, a humanised IgG1
monoclonal antibody (MDX-124) against ANXA1 showed a significant reduction in tumour growth
in triple-negative breast cancer (TNBC) and pancreatic cancer syngeneic mouse models [79].

On the other hand, several enzymatic inhibitors for IDO-1 are currently under clinical trials with
combination therapy with pembrolizumab, however, they have been halted due to unsatisfactory
results [71].

As mentioned previously, MIF interacts with CD74 along with CXCR2/CXCR4/CXCR7 to induce M2
polarisation in TAMs and stimulate MDSCs. Even though this is widely known, MIF’s functions in
eliciting either pro- or anti-tumour responses in different effector cell types are many and are often
context-dependent. However, it is believed that initially, MIF supports pro-inflammatory immune
phenotypes during early events of tumorigenesis and recruits cells like macrophages and cytotoxic
T-cells to restrain the tumour cells, however as the tumour growth progresses the MIF phenotype
shifts towards wound resolution activities and MIF from both tumour cells and immune effector
cells, transitions to instigating pro-tumorigenic immune evasion and neovascular processes across
various immune cell types [69]. Our RNAseq analysis showed the presence of CD74, CXCR2 and
CXCR4, which makes it an interesting avenue for drug intervention. Milatuzumab is an FDA-
approved drug against CD74 for CLL and multiple myeloma [80]. Likewise, there are FDA-approved
CXCR4 antagonists that are currently undergoing trials in combination with anti-PDL1
immunotherapy pembrolizumab for metastatic pancreatic ductal adenocarcinoma [81].

Taken together, our data suggests an apparent involvement of ARID1A in immunosuppression in

the tumour and aggravating tumour proliferation and metastases (Fig.14). These findings align with
the existing studies reporting the correlation between ARID1A loss and immunosuppressive
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remodelling of the TME [32,82]. In addition to these similar observations, we report newer targets
that have yet not been described in the context of ARID1A deficiency. In conclusion, we found that
MIF, IDO-1 and ANXA1 are very good prospective drug targets from our initial preliminary analysis,
which may have similar signalling pathways and might even have overlapping effector molecules.
However, extensive downstream studies would be required to understand the functional,
physiological and clinical implications associated with these proteins to make any definitive
arguments.
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Supplementary

Synthetic Lethal Target Clinical Drug Citation
Epigenetic Regulators EZH2 Tazemetostat Bilter et al., 2015
HDAC6 Ricolinostat Bilter et al., 2017
HDAC2 Vorinostat Fukumoto et al., 2018
BRD2 (BET Family) Molibresib Bern et al., 2018
Kinase inhibitors PLK-1 Volasertib Srinivas et al., 2022
PI3K Copanlisib Samartzis et al., 2014
AKT Capivasertib Samartzis et al., 2014
PARP Olaparib Shenetal,, 2015
Tyrosine Kinase Dasatinib Miller et al., 2016
ATR Ceralasertib Williamson et al., 2016
AURKA Alisertib Wu et al,, 2018
Metabolic-related Reactive Oxygen Species Induction Elesclomol Kwan et al.,, 2016
GSH/GCLC PRIMA-TMet Ogiwara et al.,, 2019
Synthetic Lethal Target Clinical Drug Current testing phase
Epigenetic Regulators EZH2 Tazemetostat Human, Phase Il (NCT05023655)
HDAC6 Ricolinostat Animal, Preclinical (Bitler et al., 2017)
HDAC2 Vorinostat/SAHA (Pan-HDAC) Animal, Preclinical (Fukumoto et al., 2018)
BRD2 (BET Family) Molibresib Animal, Preclinical (Berns, et al., 2018)
Kinase inhibitors PLK-1 Volasertib/Onvansertib Animal, Preclinical (Srinivas, et al. 2022)
PI3K Copanlisib Cell Line, Preclinical (Samartzis et al.. 2014)
AKT Capivasertib Cell Line, Preclinical (Samartzis et al.. 2014)
PARP Olaparib Human, Phase Il with Ceralasertib (NCT04065269)
Tyrosine Kinase Dasatinib Animal, Preclinical (Miller et al., 2016)
ATR Ceralasertib Human, Phase Il with Olaparib (NCT04065269)
AURKA Alisertib Animal, Preclinical (Wu et al., 2018)
Metabolic-related Reactive Oxygen Species Induction | Elesclomol Cell Line, Preclinical (Kwan et al., 2016)
GSH/GCLC PRIMA-1Met Patient-derived & Animal, Preclinical (Ogiwara et al.,
2019)

Supplementary figure 1. Current synthetic lethal drugs available for ARID1A-mutant tumours and the
corresponding clinical trials. Data and image courtesy — Norbert Tay
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Supplementary Figure 2 a. Volcanco plots showing enrichment of pull-down proteins in all the 5 cell lines - The
plot shows the comparison between two controls ‘Biotinylated vs Non-biotinylated’ vs ‘Biotinylated vs Input’ for each of
the cell lines. The orange dots represent the proteins that corresponds with the GO term ‘Plasma Membrane’. For each cell
line N=4 and significant proteins are determined by a value> log2fc (2) and p-value< 0.01.
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Supplementary Figure 2 b. - PCA plots for enrichment of cell-surface proteins - The parameters for significantly

enriched proteins remains the same as supplementary fig.2a. This is just a PCA plot of the same analysis.
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Unique mutant surface

proteins
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GPI
RAC1
DCBLD2
GLG1
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EZR
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SCARB2
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PTPN1
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BCAP31
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GNAI2
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GLO1
ATP6V1B2
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HSPD1
LANCL2
APLP2
RAB7A
TKT
PI4AK2A
MFGE8
SEPT2
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Unique WT surface proteins
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ATP1A1 CD46
SDC4 ITGB4
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ATP1B3 ADAM9
EGFR SLC39A14
MMP14 ITGAS
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Common surface proteins mut

vs WT
EFNB1
SPTBN1
AP2B1
ACLY
VAPB
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KHDRBS1
SCCPDH
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ITGAV
GNA13
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APP
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FMR1
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Supplementary Figure. 3 - List of genes from MS analysis - The list includes significantly enriched (log2fc(2) and p-
value <0.01) unique and common cell-surface proteins in the ARID1A mutant cell lines and the ARID1A-WT cell lines. 68
unique proteins in the mutant group, 146 unique proteins in WT group and 73 common proteins.
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Multiplex Image Segmentation Masks
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Supplementary Figure 4. A multiplex image showing ARID1A expression in the tumour core vs the stromal cells -
Tumour cells show low expression compared to the stromal cells. - Image from Norbert Tay .
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Supplementary figure 5. Volcano plots showing DEGs between ARID1A truncating mutations and ARID1A -WT patients
(left), and ARID1A missense mutations and ARID1A-WT (right). Cut-off values for enriched proteins is value >log2fc(0.5)
and p-value <0.05.
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