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The study aims to evaluate the significance of ARID1A expression in gastric cancer (GC) 
patients receiving neoadjuvant therapy, using immunohistochemical methods and bioinfor-
matics approaches. 
Immunohistochemical analysis of an institutional clinical cohort (n = 80) was combined with 
bioinformatics analyses of  independent public datasets. RNA-sequencing and clinical data 
from the TCGA-STAD cohort were retrieved and processed using TCGAbiolinks, differen-
tial expression analysis was performed using DESeq2, and overall survival (OS) was evaluated 
using Kaplan-Meier, log-rank, and univariate Cox regression analyses. STRING was used 
to construct an ARID1A-centered protein association network, while Human Protein Atlas 
and Cellosaurus data were used to evaluate ARID1A expression.
Loss of ARID1A protein expression rate was 41.3%. ARID1A loss and larger tumor size were 
correlated (median 6.0 cm vs. 4.0 cm; p = 0.004). ARID1A status and histopathological re-
sponse to neoadjuvant therapy, pathological tumor stage and OS are not statistically related.  
Bioinformatics analyses demonstrated marked variation in  ARID1A expression across 
GC cell lines, while TCGA-STAD analyses showed no significant tumor-normal difference 
or survival association at the transcript level.
While ARID1A loss is associated with increased tumor size, it is not a strong independent 
predictor of treatment response or OS in GC. These findings underscore the molecular com-
plexity of gastric adenocarcinoma and the need for larger, multicenter studies to refine the 
clinical utility of ARID1A.
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for GC patients worldwide remains below 25%. Gastric 
carcinogenesis is a multistep process driven by the in-
teraction of  environmental factors, dietary habits, He-
licobacter pylori infection, genetic predisposition, and 
epigenetic changes. In the model described by Correa, 
the progression involves a cascade from chronic gastritis 

Introduction

Gastric adenocarcinoma accounts for approximately  
95% of gastric cancer (GC) cases and exhibits high mor-
phological and molecular heterogeneity [1]. Despite 
therapeutic advances, the overall 5-year survival rate 
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to  invasive carcinoma necessitating an  understanding 
of tumor behavior at the molecular level [1–5].

Interest in molecular markers that reflect the biolog-
ical heterogeneity of GC – such as HER2 amplification, 
microsatellite instability, and Epstein-Barr virus-asso-
ciated subtypes – has increased significantly [6–8]. Be-
sides, chromatin remodeling complexes are gaining in-
creasing importance in tumor biology. In this context, 
the AT-rich interaction domain 1A  (ARID1A) gene 
emerges as a key epigenetic modulator. As a core com-
ponent of  the SWI/SNF complex, ARID1A regulates 
gene expression by  controlling chromatin accessibili-
ty, influencing fundamental biological processes such 
as the cell cycle, DNA damage response, and apoptosis. 
Functional mutations or reduced expression of ARID1A  
disrupt tumor-suppressor functions in  various solid 
tumors [1, 9–12], resulting in  the loss of  nuclear ex-
pression, as assessed by immunohistochemistry (IHC) 
[13–15]. Notably, a  study on  locally advanced rectal 
cancers suggested that tumor cells with low baseline 
ARID1A expression might exhibit higher sensitivity 
to neoadjuvant therapy [16].

ARID1A alterations are common in  certain histo-
logical and molecular subtypes of GC and may predict 
responses to both chemotherapy and immune check-
point inhibitors [1, 17–19]. However, ARID1A may 
exhibit different behaviors at various biological levels 
in GC. While ARID1A is primarily assessed in clinical 
practice immunohistochemically for protein expres-
sion, bioinformatics studies primarily reflect mRNA 
transcript levels. Due to post-transcriptional and trans-
lational regulation mRNA and protein levels do not al-
ways correlate [20, 21]. Indeed, significant discrepan-
cies between ARID1A mutations, mRNA, and protein 
expression have been reported in GC [22]. Therefore, 
combining protein-level IHC with transcript-level bio-
informatics analyses is crucial to fully comprehend its 
significance [1, 22, 23].

In this study, we evaluated ARID1A protein expres-
sion in  GC  using immunohistochemical methods and 
analyzed its association with clinical-pathological pa-
rameters, response to neoadjuvant therapy, and survival. 
Although perioperative chemotherapy is  the standard 
for locally advanced GC, reliable predictive biomarkers 
remain an  unmet need [24]. By  integrating IHC with 
bioinformatics profiling of mRNA, we aim to compre-
hensively elucidate the role of ARID1A in GC.

Material and methods

The histopathologically examined cases of the study 
included the period between 2016 and 2024. Patients 
who had a  biopsy performed prior to  neoadjuvant 
therapy, a resection of a specimen following neoadju-
vant chemotherapy, and who underwent total or par-
tial gastrectomy due to adenocarcinoma of  the stom-
ach or  the esophagogastric junction were included.  

Demographic and clinicopathological data were re-
trieved from the medical records. Three-micrometer- 
thick sections were prepared from formalin-fixed, 
paraffin-embedded pretreatment biopsy specimens 
and immunohistochemically stained using a Ventana 
BenchMark XT automated staining system. After auto-
mated deparaffinization, heat-induced epitope retrieval  
was performed with cell conditioning 1  (CC1) for 
64 minutes according to  the manufacturer’s protocol. 
Sections were incubated with a rabbit monoclonal anti-
body against ARID1A/BAF250a (clone EP303, Epitom-
ics, catalog no. 407R-14-RUO) at a dilution of 1 : 200 for  
120 minutes at  37°C. Immunoreactivity was visual-
ized using the ultraView Universal DAB/OptiView 
DAB detection system, followed by  counterstaining 
with hematoxylin for 16  minutes and bluing reagent  
for 4 minutes.

Nuclear ARID1A expression was independently 
evaluated by two pathologists (Sevinc Hallac Keser and  
Sibel Sensu) by comparing tumor cell staining with that 
of stromal, endothelial, lymphoid, metaplastic epitheli-
al, and other non-neoplastic epithelial cells on the same 
slide, which served as internal positive controls [6, 25]. 
ARID1A expression was classified as retained, reduced, 
complete loss, or partial loss. Retained expression was 
defined as unequivocal nuclear staining in tumor cells 
comparable in intensity to the internal controls, where-
as reduced expression was defined as diffuse and un-
equivocal nuclear staining that was consistently weaker 
than the controls without a  distinct area of  complete 
loss. In  tumors showing both retained and reduced 
staining, the predominant pattern was recorded. 
Complete loss was defined as absent nuclear staining 
in all evaluable tumor cells despite preserved staining 
in internal controls. Partial loss was defined as a geo-
graphically distinct ARID1A-negative tumor cell pop-
ulation comprising more than 10% of  the evaluable 
tumor area, with retained or  reduced staining in  the 
remaining tumor cells, according to  Kim et  al. [14].  
For statistical analyses, retained and reduced cases 
were grouped as ARID1A-retained, and complete and 
partial loss cases as  ARID1A-loss. Discrepant assess-
ments were resolved by consensus.

The cases were re-staged using the American Joint 
Committee on Cancer tumor-node-metastasis staging 
system (8th edition, 2019). Overall survival (OS) was the 
time from diagnosis to death/the last follow-up (Janu-
ary 31, 2026). Histopathological response to neoadju-
vant chemotherapy was assessed using the Ryan tumor 
regression grade (TRG) system [26] (No viable cancer 
cells (complete response) = 0; Single cells or rare small 
groups of  cancer cells (near complete response) = 1; 
Residual cancer with evident tumor regression, but 
more than single cells or  rare small groups of cancer 
cells (partial response) = 2; and Extensive residual can-
cer with no evident tumor regression (poor or no re-
sponse) = 3 [26].
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Statistical analysis

Analyses were performed using SPSS V20.0  (IBM 
Corp., Armonk, NY, USA). Continuous variables were 
reported as  median (IQR) and compared using the 
Mann-Whitney U  test. Categorical variables were re-
ported as frequencies (%) compared using χ² or Fish-
er’s exact test. Overall survival was estimated using the 
Kaplan-Meier method and compared via the log-rank 
test. Due to the limited outcome events, only univari-
ate Cox regression analysis was performed to estimate 
hazard ratios (HRs) with 95% confidence intervals 
(CIs). P < 0.05 was defined as statistically significant.

Bioinformatics analysis

The institutional immunohistochemical cohort and 
the Cancer Genome Atlas-Stomach Adenoarcinoma 
(TCGA-STAD) cohort were independent and non-over-
lapping datasets. The 80 institutional cases were used for 
clinicopathological and protein-expression analyses, 
whereas TCGA-STAD data were used exclusively for tran-
script-level expression and survival analyses. A protein- 
protein association network centered on  ARID1A 
was constructed using the STRING database, ver-
sion 11.0  [27]. Interactions were restricted to  a  min-
imum required confidence score of  ≥ 0.9, and the 
resulting network was visualized to  identify ARID1A- 
associated members of  the SWI/SNF chromatin- 
remodeling complex. Gene-level RNA-sequencing 
count data and corresponding clinical information 
were retrieved from The Cancer Genome Atlas Stom-
ach Adenocarcinoma cohort using the TCGAbiolinks 
R/Bioconductor framework. For the paired tumor- 
normal analysis, only patients with both a primary tu-
mor sample and a matched solid tissue normal sample 
were included, resulting in 33 matched pairs. Differen-
tial expression analysis was performed using DESeq2 
with a paired design incorporating patient identity and 
tissue condition. Variance-stabilizing transformation 
values were used for visualization, and differences be-
tween matched normal and tumor tissues were addi-
tionally assessed using the paired Wilcoxon signed-rank 
test. For OS  analysis, 404 TCGA-STAD tumor cases 
with available expression and survival data were in-
cluded. DESeq2 size-factor-normalized ARID1A counts 
were log2-transformed after adding a pseudocount of 1. 
Patients were stratified into high- and low-expression 
groups according to  the median ARID1A expression 
level, resulting in  202 patients per group. Overall sur-
vival was evaluated using Kaplan-Meier analysis, the 
log-rank test, and univariate Cox proportional hazards 
regression [28–30]. The gastric cancer cell lines were not 
experimentally cultured or  tested in  the present study. 
Publicly available normalized transcripts per million 
values for ARID1A were retrieved from the Human 
Protein Atlas for 33 GC cell lines [31]. Cell line-specific 
annotations, including patient age, sex, population ori-

gin, and histopathological classification, were obtained 
from Cellosaurus [32]. The median expression value 
of 42.6 normalized transcripts per million (nTPM) was 
used as  a  descriptive cutoff to  categorize the cell lines 
into high- and low-expression groups.

RESULTS

Results of the bioinformatics analysis 

The results of  the in  silico bioinformatics analysis 
conducted to  better understand the molecular role 
of ARID1A and its relationship to our clinical findings 
are presented below.

STRING analysis demonstrated that ARID1A was 
embedded within a dense high-confidence interaction 
network composed of  core SWI/SNF complex pro-
teins, including SMARCA4, SMARCB1, SMARCD1, 
SMARCE1, PBRM1, SMARCA2, SMARCD3, DPF2, 
ACTL6A, and SMARCC1 (Figure 1). These findings 
support the central role of  ARID1A in  chromatin- 
remodeling machinery and indicate that its functional 
effects in GC are likely mediated through coordinated 
interactions with multiple SWI/SNF subunits.

In the paired TCGA-STAD subset, ARID1A expres-
sion showed a  slight upward trend in  gastric adeno-
carcinoma tissues relative to  matched normal gastric 
tissues; however, the difference was not statistically 
significant (Figure 2A) (paired Wilcoxon signed-
rank test, p-value = 0.214). DESeq2 analysis yielded 

Figure 1. Protein-protein interaction network of ARID1A and its 
interacting partners within the SWI/SNF chromatin-remodeling 
complex, visualized using the STRING database with a confidence 
score of ≥ 0.9
The network displays high-confidence associations supported by evidence from experi-
ments, curated databases, text mining, gene co-expression, and other sources. The central 
node, ARID1A, interacts with core members of the SWI/SNF complex, including 
SMARCA4, SMARCB1, SMARCD1, SMARCE1, PBRM1, and others. Edge colors 
represent the different types of supporting evidence [26].
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Figure 2. A) ARID1A expression in paired TCGA-STAD samples. B) Kaplan-Meier analysis of 404 TCGA-STAD patients stratified into 
high- and low-expression groups (n = 202 each) revealed no significant overall survival difference (log-rank p = 0.982)
HR – hazard ratio, VST – variance-stabilizing transformation

Variance-stabilizing transformation-transformed ARID1A expression values are shown for 33 matched normal gastric tissue samples and 33 gastric adenocarcinoma tissue samples. 
Each dot represents an individual sample, and gray connecting lines indicate paired normal and tumor tissues from the same patient. Boxplots summarize the distribution  
of VST-transformed expression values in each group. No statistically significant difference in ARID1A expression was observed between matched normal and tumor tissues  
(paired Wilcoxon signed-rank test, p = 0.214) (A).

Univariate Cox analysis confirmed no survival association (HR = 0.996, 95% CI: 0.729–1.361) [27–29] (B).
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Figure 3. ARID1A expression levels in gastric cancer (GC) cell lines 
nTPM – normalized transcripts per million

Normalized transcripts per million (nTPM) expression values for ARID1A were obtained from the Human Protein Atlas database for 33 GC cell lines, including gastric adenocarci-
noma, gastric tubular adenocarcinoma, GC ring cell adenocarcinoma, gastric mucinous adenocarcinoma, and gastric undifferentiated carcinoma [30]. Cell line-specific information, 
including patient age, sex, population origin, and histopathological classification, were retrieved from the Cellosaurus database [31]. The cell lines were not experimentally cultured  
or tested in the present study. Instead, the figure represents a secondary analysis of publicly available database-derived expression and annotation data. Cell lines were stratified into 
high- and low-expression groups using the median ARID1A expression value as the cutoff (42.6 nTPM). Among the analyzed cell lines, ARID1A expression was highest in SNU-520 
and lowest in Fu97. The broad range of expression values highlights the molecular heterogeneity among GC cell lines.
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a  log2 fold change of  0.129 and an  adjusted p-value 
of  0.344. Mean variance-stabilizing transformation 
(VST)-transformed expression values were 12.997 in   
normal tissues and 13.135 in tumor tissues, indicating 
only a modest numerical increase in tumors. 

In the survival cohort, 404 tumor cases were analyzed, 
including 202 patients in the high-expression group and 
202 patients in the low-expression group, with 158 ob-
served events. Kaplan-Meier analysis demonstrated 
no significant difference in OS between the two groups 
(log-rank p  = 0.982). Consistently, univariate Cox re-
gression showed no  significant association between 
ARID1A expression group and OS (HR for low vs. high 
= 0.996, 95% CI: 0.729–1.361) (Figure 2B).

ARID1A expression varied markedly across the 
33  GC  cell lines, with nTPM values ranging from 
14.3 in Fu97 to 90.3  in SNU-520, indicating substan-
tial inter-cell-line heterogeneity (Figure 3). Using the 
median expression level as the cutoff (42.6 nTPM), the 
cell lines were stratified into high- and low-expression 
groups. Relatively higher ARID1A expression was ob-
served in several gastric adenocarcinoma and tubular 
adenocarcinoma models, whereas lower expression 
levels were seen in a subset of signet ring cell and other  

GC  cell lines, supporting the molecular diversity 
of GC models.

Taken together, the figures suggest that ARID1A 
is biologically relevant in GC but not strongly informa-
tive at the bulk mRNA level alone. The STRING net-
work supports a central mechanistic role for ARID1A 
within the SWI/SNF chromatin-remodeling complex, 
whereas the TCGA-STAD analyses show that its tran-
script levels are neither significantly different between 
paired tumor and normal tissues nor associated with 
overall survival. At the same time, the marked variabil-
ity observed across GC cell lines indicates substantial 
context-dependent heterogeneity, implying that the 
functional and clinical significance of  ARID1A may 
depend more on  tumor subtype, interacting molec-
ular partners, or  non-transcriptional alterations than 
on mRNA abundance alone.

Results of the clinicopathological analysis

Totally, 80 cases of gastric adenocarcinoma with gas-
trectomy specimens were included. Retained ARID1A 
expression was observed in  47  cases (58.7%) (Figu- 
re 4A). ARID1A loss was detected in 33 cases (41.3%) 

Figure 4. A) Intense ARID1A staining in all tumor cells (ARID1A 200x). B) Loss of ARID1A expression in all tumor cells (HE 200x, 
small figure, ARID1A 200x large figure). C) Loss of ARID1A expression in some tumor cells (HE 200x, small figure, ARID1A 400x large 
figure). D) Weak staining in tumor cells (HE 200x, small figure, ARID1A 400x, large figure)
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which showed either complete (n = 8, 24.24%) (Figure 
4B) or partial (n = 25, 75.75%) nuclear loss. In tumors  
with partial ARID1A loss, ARID1A-positive areas fre- 
quently exhibited heterogeneous staining intensity 
(Figure 4C). Cases classified as  showing reduced ex-
pression demonstrated diffuse but unequivocal weak 
nuclear staining without geographically distinct areas 
of  complete loss (Figure 4D). Stromal cells and lym-
phocytes, used as  internal positive controls, showed 
strong nuclear staining. The clinical-pathological char-
acteristics of the cohort according to ARID1A expres-
sion status are summarized in Table I.

The analysis revealed a  statistically significant as-
sociation between tumor size and ARID1A loss. The 
median tumor size was 6.00 cm (IQR: 4.00–9.50) in the 
ARID1A loss group and 4.00  cm  (IQR: 2.50–5.25) 
in  the ARID1A-positive group (p = 0.004). However, 
no  statistically significant differences were observed 
between the groups in terms of gender, lymphovascu-
lar invasion, perineural invasion, or lymph node posi-
tivity (Table I).

The relationship between ARID1A expression and 
response to neoadjuvant therapy 

Treatment protocols were available for 37 of the pa-
tients included in our study. Of these patients, three re-

ceived FOLFOX as neoadjuvant therapy, two received 
capecitabine plus oxaliplatin, one received carboplatin 
plus paclitaxel, and the remaining 31 patients received 
the FLOT regimen (5-fluorouracil, leucovorin, oxal-
iplatin, docetaxel).

The distribution of  treatment response according 
to  ARID1A expression status, as  assessed by  TRG, 
is presented in Table I. A good response to neoadju-
vant therapy (TRG 0–1) was observed in 19.15% of pa-
tients in  the ARID1A-positive group and in  12.12% 
of patients in the ARID1A-loss group. A poor response 
(TRG 2–3) was detected in 80.85% and 87.88% of cases, 
respectively. Although a difference in percentage rates 
was observed, this difference was not found to be sta-
tistically significant (p = 0.595).

Pathological tumor stage and ARID1A expression

Table I shows the distribution of post-neoadjuvant 
pathological tumor stages (ypT0–ypT4) according 
to  ARID1A expression status. No  statistically signifi-
cant association was found between ARID1A loss and 
ypT stage (p = 0.068).

To evaluate the tumor stage distribution in greater  
detail, cases were grouped into early-stage tumors 
(ypT0–2) (n = 15) and advanced-stage tumors (ypT3–4)  
(n = 65). Although advanced-stage disease was more 

Table I. Clinical and pathological characteristics, histopathological response to neoadjuvant therapy (tumor regression grade), post- 
neoadjuvant pathological tumor stages (ypT0–ypT4) and post-neoadjuvant pathological lymph node stages (ypN0–ypN3) in patients 
with gastric cancer according to ARID1A expression status 

Parameters ARID1A positive (n = 47) ARID1A loss (n = 33) p-value

Tumor size [cm], median 4.00 [2.50–5.25] 6.00 [4.00–9.50] 0.004

Female, n (%) 16 (34.04) 15 (45.45) 0.425

LVI (positive), n (%) 34 (72.34) 24 (72.73) 1.000

PNI (positive), n (%) 34 (72.34) 26 (78.79) 0.694

Lymph node positive (N+), n (%) 32 (68.09) 25 (75.76) 0.620

TRG, n (%)

Good response (TRG 0–1) 9 (19.15) 4 (12.12)
0.595

Poor response (TRG 2–3) 38 (80.85) 29 (87.88)

ypT stage

ypT0 3 2

0.068

ypT1 3 2

ypT2 4 1

ypT3 23 15

ypT4 14 13

ypN stage

ypN0 15 8

0.889
ypN1 9 7

ypN2 8 7

ypN3 15 11
LVI – lymphovascular invasion, PNI – perineural invasion, TRG – tumor regression grade, ypT – pathological tumor stage after neoadjuvant therapy, ypN – pathological lymph 
node stage following neoadjuvant therapy
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common in the ARID1A loss group, the difference was 
not statistically significant (p = 0.736).

Lymph node stage based on ARID1A expression

The detailed distribution of post-neoadjuvant lymph 
node stages (ypN0–ypN3) according to  ARID1A  
expression status is  presented in  Table I. To  facilitate 
interpretation, lymph node status was further cate-
gorized as  lymph node-negative (ypN0, n  = 23) and 
lymph node-positive (ypN+ (ypN1-3), n = 57). Accor- 
dingly, among ARID1A-positive cases, 15 were ypN0 
and 32 were ypN+, whereas among cases with ARID1A 
loss, 8 were ypN0 and 25 were ypN+. No statistically 
significant association was observed between ARID1A 
loss and lymph node metastasis.

Survival analysis and cox regression

The Kaplan-Meier survival analysis showed that the 
median OS was 17 months in the ARID1A-loss group 
and 18 months in the ARID1A-positive group. The log-
rank test revealed no statistically significant difference 
in OS between the two groups (χ² = 0.067; p = 0.795). 
Univariate Cox regression analysis demonstrated that 
tumor size was significantly associated with mortality 
risk (HR  = 1.09; 95% CI: 1.02–1.16; p  = 0.015). This 
finding indicates that each 1 cm increase in tumor size 
is associated with an approximate 9% increase in  the 
risk of  death. In  contrast, ARID1A loss (HR  = 0.92;  
p  = 0.803) and other clinicopathological parameters 
were not significantly associated with OS  (Table II). 
The ypT stage showed a  borderline association with 
survival (p = 0.068).

Discussion

This study evaluated the association between ARID1A  
expression, clinicopathological parameters, neoadju-
vant treatment response, and survival in GC, integrat-
ing institutional IHC with bioinformatics analyses. 

Previous studies show that ARID1A mutation rates 
in GC range is 8–51.3% [5, 33, 34], with TCGA datasets 
reporting a frequency of 31.1% [35]. The 41.3% ARID1A  
loss rate identified in our study is consistent with this 
literature range. In  studies, ARID1A loss of  function 
includes complete/partial loss or  reduced expression, 
all might be  linked to  carcinogenesis [1, 33, 36]. The 
complete or partial loss might result from ARID1A mu-
tations occurring in  the early or  late stages of  gastric 
carcinogenesis, respectively; in GC where complete loss 
is detected, ARID1A mutations are found to be driver  
mutations, whereas in  tumors showing partial loss, 
various other genetic alterations resulting in a hetero-
geneous tumor with complex genomic pathway chang-
es are thought to be present [6]. Additionally, varying 
ARID1A staining intensities within the same tumor 
have been observed in the vast majority of GCs [6, 35]. 
In our study, since ARID1A expression was evaluated 
on  endoscopic biopsies, due to  the heterogeneity, the 
prognostic value of  ARID1A loss may not be  defini-
tively established. The wide range of ARID1A expres-
sion levels observed in GC cell lines in bioinformatics 
analyses further supports the molecular heterogeneity 
of GCs. This variability may explain the heterogeneous 
expression patterns observed in immunohistochemical 
staining and may limit the prognostic accuracy of eval-
uations based on a single biopsy sample.

We aimed to clarify how ARID1A expression is re-
lated to  neoadjuvant therapy response, with the aim 
of more successfully implementing personalized treat-
ment in patients with GC. ARID1A loss affects various 
parameters that may influence treatment in  different 
organ cancers, such as DNA damage repair, cell cycle 
regulation, and epithelial-mesenchymal transition [15]. 
Although ARID1A expression did not significantly 
correlate with TRG, the response rate was numerically 
higher in the ARID1A-positive group, suggesting our 
limited sample size may have obscured statistical sig-
nificance. Similarly, Barisik et al. [16] found no signif-
icant association between ARID1A loss and response 

Table II. The effect of ARID1A status and clinical-pathological variables on overall survival was evaluated using univariate Cox regres-
sion analysis

Parameters Risk ratio (HR) 95% CI p-value

ARID1A IHC status (loss vs. retained expression) 0.92 0.49–1.72 0.803

Tumor size (per 1 cm increase) 1.09 1.02–1.16 0.015

Sex (female vs. male) 1.63 0.86–3.11 0.136

LVI (positive) 1.33 0.57–3.06 0.508

PNI (positive) 2.20 0.76–6.36 0.146

Lymph node positive (N+) 1.27 0.58–2.80 0.553

ypT stage 1.36 0.98–1.88 0.068

ypN stage 1.08 0.83–1.41 0.568

Tumor regression grade 1.35 0.90–2.04 0.150
IHC – immunohistochemistry, LVI – lymphovascular invasion, PNI – perineural invasion, ypT –pathological tumor stage after neoadjuvant therapy, ypN – pathological lymph node 
stage after neoadjuvant therapy
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to neoadjuvant therapy in rectal carcinoma, indicating 
that the predictive role of ARID1A may depend on the 
tumor’s molecular context. 

Various studies have investigated whether ARID1A  
loss is  associated with prognosis in  patients with 
GC [5]. Although some studies report better outcomes 
[5, 15], some others are associated with poor prognosis 
[5, 37–41]. In our study there is a statistically signifi-
cant association between ARID1A loss and tumor size. 
This finding suggests that loss of  ARID1A function 
may be associated with tumor growth and progression. 
Protein-protein interaction network results obtained 
from bioinformatics analyses also provide biological 
support for this finding. STRING analysis has shown 
that ARID1A interacts extensively with key compo-
nents of the SWI/SNF chromatin remodeling complex. 
This complex is known to play a significant role in cell 
cycle regulation, the DNA damage response, and pro-
liferation control. Therefore, it  is  hypothesized that 
loss of ARID1A function may facilitate tumor growth 
by  causing disruptions in  chromatin regulation and 
may be  associated with the increased tumor size ob-
served in our study.

When the effect of ARID1A expression on survival was 
investigated, some studies found that loss of ARID1A  
was associated with shorter survival [5]. One study re-
ported that loss of ARID1A expression was associated 
with poor OS in GC, independent of the tumor clinical 
stage, tumor differentiation, the rate of ARID1A defi-
ciency, and sample size [5]. In contrast, there are also 
studies reporting no significant difference in  survival 
[3]. In  survival analyses, consistent with the results 
of our bioinformatics analyses, no statistically signifi-
cant association was found between ARID1A expres-
sion status and overall survival. In  the Kaplan-Meier 
survival analysis based on  the TCGA-STAD dataset, 
no significant difference in OS was observed between 
the high- and low-expression groups. The parallel ab-
sence of a significant survival association at the protein 
and transcript levels suggests that ARID1A expression 
alone may have limited prognostic value. However, 
these analyses represent distinct biological levels and 
independent cohorts and should not be considered di-
rect validation of one another.

Our bioinformatics analysis showed no  tumor- 
normal differences in  ARID1A mRNA levels, con-
trasting with the IHC protein loss and highlighting 
post-transcriptional regulation. Despite this mismatch, 
network analyses confirm ARID1A is  central to  the 
proliferation-regulating SWI/SNF complex. Combined 
findings suggest that ARID1A is linked to tumor growth 
but poorly predicts treatment response or survival.

One of the key strengths of this study is that the im-
munohistochemical findings were supported by  bio-
informatics analyses. The evaluation of clinical cohort 
data in conjunction with transcriptomic and molecu-
lar analyses derived from large-scale datasets has en-

abled a multifaceted examination of the biological role 
of  ARID1A in  GC. The consistency between clinical 
and bioinformatics findings enhances the reliability 
of the results.

One of  the limitations of  our study is  that we  as-
sessed ARID1A expression in  endoscopic biopsies 
and were unable to  interpret tumor heterogeneity. 
The small size of  our study group and the low num-
ber of  events observed in  the survival analysis pre-
vented us from performing multivariate analyses. This 
is a preliminary study and should be expanded to in-
clude surgical resections and larger populations. The 
discrepancies between our results and findings in the 
literature may be  explained by  potential differences 
in immunohistochemical procedures, including intra-
tumoral heterogeneity, limited sample sizes in existing 
studies, the sensitivity of  detection methods, and the 
use of  non-standardized interpretive criteria (includ-
ing antibodies), staining platforms, cutoff values, and 
scoring systems. 

Conclusions

In this study, ARID1A loss was prevalent in gastric 
adenocarcinomas and significantly associated with 
larger tumor size, though it did not correlate with neo-
adjuvant response or  overall survival. Bioinformatics 
transcriptomic and survival data mirrored these clin-
ical findings, suggesting ARID1A alone lacks strong 
prognostic or  predictive biomarker utility. However,  
its central role in  the SWI/SNF complex and link 
to tumor size support its involvement in GC progres-
sion. In conclusion, ARID1A is an insufficient stand-
alone biomarker for predicting survival or  treatment 
response but remains associated with tumor growth. 
Larger, multicenter studies evaluating molecular sub-
types are needed to clarify its clinical significance.
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