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Loss of ARID1A Expression is Associated with
Systemic In�ammation Markers and has Important
Prognostic Signi�cance in Gastric Cancer.
Xuan Wang 

Nanjing Medical University
Keying Che 

Nanjing Drum Tower Hospital: Nanjing University Medical School A�liated Nanjing Drum Tower
Hospital
Tao Shi 

Nanjing Drum Tower Hospital: Nanjing University Medical School A�liated Nanjing Drum Tower
Hospital
Qin Liu 

Nanjing Drum Tower Hospital: Nanjing University Medical School A�liated Nanjing Drum Tower
Hospital
Xinyun Xu 

Nanjing Drum Tower Hospital: Nanjing University Medical School A�liated Nanjing Drum Tower
Hospital
Hongyan Wu 

Nanjing Drum Tower Hospital: Nanjing University Medical School A�liated Nanjing Drum Tower
Hospital
Lixia Yu 

Nanjing Drum Tower Hospital: Nanjing University Medical School A�liated Nanjing Drum Tower
Hospital
Baorui Liu 

Nanjing Drum Tower Hospital: Nanjing University Medical School A�liated Nanjing Drum Tower
Hospital
Jia Wei  (  jiawei99@nju.edu.cn )

The Comprehensive Cancer Centre of Nanjing Drum Tower Hospital, The A�liated Hospital of Nanjing
University Medicine School https://orcid.org/0000-0003-3024-8878

Research Article

Keywords: gastric cancer, ARID1A, systemic in�ammation markers, immunotherapy, nomogram

https://doi.org/10.21203/rs.3.rs-1090858/v1
mailto:jiawei99@nju.edu.cn
https://orcid.org/0000-0003-3024-8878


Page 2/23

Posted Date: November 23rd, 2021

DOI: https://doi.org/10.21203/rs.3.rs-1090858/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Version of Record: A version of this preprint was published at Journal of Cancer Research and Clinical
Oncology on March 16th, 2022. See the published version at https://doi.org/10.1007/s00432-022-03971-
w.

https://doi.org/10.21203/rs.3.rs-1090858/v1
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00432-022-03971-w


Page 3/23

Abstract
Background: The tumor suppressor gene AT-rich interactive domain 1A (ARID1A) and systemic
in�ammatory response (SIR) have been reported to be related to the sensitivity of immunotherapy. This
study intended to explore the relationship between ARID1A expression and SIR, and to further elucidate
the prognostic value of ARID1A expression in gastric cancer (GC).

Methods: The mRNA and protein expression of ARID1A were detected in 272 formalin-�xed para�n-
embedded (FFPE) tumor tissues. The data of nine systemic in�ammation markers were collected one
week before gastrectomy. Univariate and multivariate COX analysis were used to screen out independent
predictors of GC.

Results: Negative expression of ARID1A protein was related to GC with microsatellite instability-high (MSI-
H) (p=0.033), positive programmed cell death-ligand 1 (PD-L1) (p=0.005) and lower albumin level
(p=0.0064). Low expression of ARID1A mRNA was common in GC with abnormal E-cadherin (p=0.020)
and higher platelet/lymphocyte ratio (PLR) (p=0.0391). Multivariate COX analysis showed that the
expression of ARID1A protein (p=0.023), age (p=0.004), T stage (p=0.009) and N stage (p=0.009) were
independent predictors of GC. The nomogram established by independent predictors can accurately
evaluate the survival risk of patients with GC.

Conclusions: The loss of ARID1A protein expression was associated with MSI-H subtype and high
expression of PD-L1 in GC. Negative ARID1A protein and low expression of mRNA were associated with
aberrant systemic in�ammatory markers. Expression of ARID1A protein had important prognostic
signi�cance in GC.

Introduction
Gastric cancer (GC) is the sixth most common type of malignancy and the fourthleading cause of global
cancer-related death(Sung et al. 2021). In recent years, various clinical trials have shown that the immune
checkpoint blockade (ICB) therapy using anti-programmed cell death 1 (PD-1)/programmed cell death-
ligand 1 (PD-L1) antibodies has achieved remarkable treatment outcomes in GC(Fuchs et al. 2018;
Janjigian et al. 2021; Y. Kang et al. 2017; Y. K. Kang et al. 2017). However, only a small part of patients
can respond to anti-PD-1/PD-L1 antibodies. Biomarkers must be found to selected patients that might
bene�t from immune checkpoint inhibitors (ICIs). KETNOTE-059 trial showed that pembrolizumab had
better therapeutic effect in gastric or EGJ cancer patients with PD-L1 combined positive score (CPS)≥1
than CPS<1 (Objective response rate (ORR) 15.5% and 6.4% respectively)(Fuchs et al. 2018) and
pembrolizumab was approved by the Food and Drug Administration (FDA) for the treatment of PD-L1
positive recurrent or gastric or EGJ cancer with in 2017. KETNOTE-062 demonstrated that pembrolizumab
can signi�cantly improve overall survival (OS) in patients whose tumors expressed PD-L1 (CPS≥10)
compared with chemotherapy (17.4 months vs 10.8 months)(Shitara et al. 2018). CHECKMATE-649 has
revealed that nivolumab combined with chemotherapy have more superior OS than chemotherapy alone
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in advanced GC and EGJ cancer(13.8 months vs 11.6 months) especially when PD-L1 CPS≥5 (14.4
months vs 11.1 months), therefore nivolumab plus chemotherapy were approved by the FDA as a new
standard �rst-line treatment for advanced GC and EGJ cancer in 2021(Janjigian et al. 2021). These
remarkable results illustrated the value of PD-L1 expression level in guiding the use of ICIs. Another
research showed that patients with microsatellite instability-high (MSI-H) or Epstein-Barr virus (EBV)-
positive metastatic GCs had a signi�cantly higher overall response rate (ORR) to pembrolizumab (85.7%
and 100%, respectively)(S. T. Kim et al. 2018). In KEYNOTE-061 and KEYNOTE-062, the estimated 12-
month OS rates of patients with MSI-H GCs receiving pembrolizumab monotherapy were signi�cantly
higher than that of MSI-H patients receiving chemotherapy (73% vs 25% in KEYNOTE-061 and 79% vs
47% in KEYNOTE-062)(Chao et al. 2021). In a recent phase Ib/II clinical trial (NCT02915432), high tumor
mutational burden (TMB-H) was signi�cantly associated with better OS compared low tumor mutational
burden (TMB-L) group in advanced GC receiving immunotherapy (14.6 months vs 4.0 months)(Wang et
al. 2019). These studies provided reliable basis for identifying biomarkers of ICB therapy. Systemic
in�ammatory response (SIR) was reported to have prognostic value for patients receiving ICIs(Formica et
al. 2020; Jiang et al. 2018). A recent meta-analysis concluded that elevated blood neutrophil/lymphocyte
ratio (NLR) before treatment was a promising prognostic biomarker for advanced cancer patients
receiving immunotherapy(Jiang et al. 2018). Gastric In�ammatory Prognostic Index (GIPI) combining
NLR, CRP, and albumin established by Formica et al had signi�cantly prognostic value in metastatic
EGJ/GC patients receiving ICIs(Formica et al. 2020).

AT-rich interactive domain 1A (ARID1A) is an important subunit of the Switch/Sucrose Non-fermentable
(SWI/SNF) chromatin remodeling complex. ARID1A is frequently mutated among a wide variety of
tumors, such as ovarian clear cell carcinoma (40%-57%) (S. Jones et al. 2010; Wiegand et al. 2010), GC
(18.7%-23%)(Cho et al. 2019; S Jones et al. 2012), hepatocellular carcinoma (10%-17%)(Fujimoto et al.
2012; Guichard et al. 2012) and breast cancer (5%-15%) (Liang et al. 2018; Mamo et al. 2012), and its
mutations usually lead to loss of expression(Wu et al. 2014). ARID1A mutations are frequently present in
EBV positive GC("Comprehensive molecular characterization of gastric adenocarcinoma" 2014), and
ARID1A negative expression was tightly correlated with PD-L1 positive and can increase the expression of
PD-L1 via activating PI3K/AKT signaling pathway(Y. B. Kim et al. 2019). ARID1A de�ciency has been
reported to cause mismatch repair (MMR) protein dysfunction and was associated with MSI subtype and
TMB-H(Shen et al. 2018). Though loss of ARID1A was considered a marker of poor prognosis(Yang et al.
2016), ARID1A alteration was an independent predictor of longer progression-free survival (PFS) after ICB
therapy in many kinds of cancers(Okamura et al. 2020). Tumor in�ltrating lymphocytes (TILs) is also an
important factor affecting the e�cacy of immunotherapy, and loss of ARID1A protein in both tumors and
paired-adjacent normal peritumor mucosa tissues was correlated with increased TILs(Zou et al. 2020).

In this study, we aimed to �gure out the relationship between the expression pattern of ARID1A and
clinicopathological characteristics and other markers associated with the e�cacy of ICB in gastric cancer
patients. Furthermore, we evaluated the prognostic signi�cance of ARID1A expression pattern in GC
patients, and established a nomogram based on ARID1A protein expression and clinical variables to
predict the survival risk of patients with GC.
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Methods

Patients
We retrieved clinicopathological characteristics from patients with gastric adenocarcinoma who
underwent D2 gastrectomy between August 2017 and January 2019 in Nanjing Drum Tower Hospital.
Patient characteristics of age, gender, TNM stage (according to the 8th edition of the American Joint
Committee on Cancer (AJCC)), lymph node metastasis, vascular invasion and neural invasion were
included in the study. Nine systemic in�ammatory markers including platelet, monocyte, and lymphocyte
count; neutrophil/lymphocyte ratio (NLR), platelet/lymphocyte ratio (PLR), lymphocyte/ monocyte ratio
(LMR); and albumin, lactate dehydrogenase (LDH) and C-reactive protein (CRP) within 1 week prior to
gastrectomy were collected.

Immunohistochemical (IHC) staining of tumor tissues
IHC staining of ARID1A, MutL homolog 1(MLH1), postmeiotic segregation increased 2 (PMS2), PD-L1,
vascular endothelial growth factor receptor 2(VEGFR2), p53, E-cadherin and alpha-fetoprotein (AFP) was
performed with formalin-�xed para�n-embedded (FFPE) tissue sections (2 µm thick) from the
representative tumor tissue block. Brie�y, the sections were depara�nized in xylene and rehydrated with
gradient ethanol (100%, 95%, and 80%), and washed with PBS. Then, 0.3% hydrogen peroxide in methanol
was used for 30 minutes to block activity of endogenous peroxidase. After washing with PBS, the
sections were incubated with primary antibodies at 4°C overnight. The following primary antibodies were
used: anti-ARID1A (#12354; Cell Signaling Technology, USA), anti-PD-L1 (SP142; Spring Bio, USA), anti-
MLH1 (ES05; Dako, USA), anti-PMS2 (EP51; Dako, USA), anti p53 (DO7; Zhongshan Golden Bridge
Biotechnology(ZSGB-BIO), China), anti E-cadherin (EP6; ZSGB-BIO), anti AFP (EP209; ZSGB-BIO), anti
VEGFR2 (rabbit monoclonal; ZSGB-BIO). After then, the sections were incubated with secondary
antibodies for 30 min at room temperature. The staining was visualized with diaminobenzidine and
counterstained with hematoxylin.

The IHC score of ARID1A was calculated on the basis of the percentage of positive nuclear staining and
staining intensity(Zhu et al. 2018). The percentage of stained cells in the sections was divided into �ve
grades: 0, 1, 2, 3, and 4 for ≤5%, 6%-30%, 31%-50%, 51%-75%, and >75% stained cells, respectively.
Staining intensity was divided into four grades: 0, 1, 2, and 3 for no staining, weak staining, moderate
staining, and strong staining, respectively. The total IHC score (0-12) =percentage of positive nuclear
staining × staining intensity. The expression level of ARID1A was de�ned as negative group (score≤1)
and positive group (score>1). The evaluation of PD-L1 was based on CPS, and CPS≥1 was de�ned as
PD-L1 positive. Tumors showing complete loss of nuclear MHL1 or PMS2 were classi�ed as MHL1 or
PMS2 aberrant(Setia et al. 2016). Aberrant p53 expression was de�ned as complete loss or diffuse and
strong p53 nuclear positivity(Ahn et al. 2017; Setia et al. 2016). Aberrant E-cadherin expression was
de�ned as complete loss of membranous expression or markedly reduced membranous staining (>30%)
(Ahn et al. 2017).. AFP was considered positive when ≥1% tumor cells was stained(Kinjo et al. 2012).
VEGFR2 staining levels were de�ned as follows: − (<5% positive cells), + (≥5% and <50% positive cells), +
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+ (≥50% and <75% positive cells), and + + + (≥75% positive cells). The staining results were evaluated
independently by two experienced pathologists.

EBV-encoded small RNA in-situ hybridization
EBV-encoded RNA (EBER) was detected using automated EBER staining method with Ventana
Benchmark in situ hybridization system (Ventana Medical Systems) according to the manufacturer’s
protocol. When >20% of the tumor cells showed EBER stained, the case was de�ned as EBER positive.

mRNA extraction and quantitative real-time polymerase
chain reaction (qRT-PCR).
Total RNA was extracted from FFPE tumor tissues according to a proprietary procedure (European patent
number EP1945764-B1). After extraction and puri�cation, the total RNA was used to generate cDNA with
M-MLV Reverse Transcriptase Kit (Invitrogen, Carlsbad, CA, USA). The expression of ARID1A and β-actin
(used as endogenous control) was detected by qRT-PCR using QuantStudioTM 7 Flex (Applied
Biosystems) following conditions: one cycle at 95°C for 20 s, 40 cycles of 95°C for 1 s and 60°C for 20 s.
TaqmanTM Fast Advanced Master Mix (Thermo Fisher Scienti�c, #4444556) and probes of ARID1A
(Thermo Fisher Scienti�c, Hs00195664_m1) and β-actin (Thermo Fisher Scienti�c, Hs03023943_g1) were
used for ampli�cation of the cDNA.

Classi�cation of molecular subtypes
We divided GC into �ve molecular subtypes according to previous research(Setia et al. 2016): EBV
positive GC, MSI-H GC, GC with aberrant expression of E-cadherin, GC with aberrant expression of p53
and GC with p53 expression in normal. EBV status was determined via in situ hybridization as described
above. Cases with aberrant MLH1 or PMS2 were de�ned as MSI-H. The remaining cases were divided into
E-cadherin aberrant expression subtype, p53 aberrant expression subtype and p53 normal expression
subtype according to the expression of E-cadherin and p53.

Statistical analysis.
ARID1A protein expression and clinical variables including gender, age, stage, T stage, N stage and tumor
size were involved in univariate Cox analysis to select OS related variables. Signi�cant variables in the
univariate Cox analysis were further incorporated into the multivariate Cox analysis to determine
independent prognostic predictors. The nomograms were established with independent prognostic
predictors selected by multivariate Cox analysis to predict individual probabilities of clinical events. The
Harrell's concordance index(C-index) was used to quantify the discrimination of the nomogram and the
calibration curve was used to measures the discrepancy between the predicted probabilities and the
actual survival(Hanley & McNeil 1983). All statistical analysis were carried out using IBM SPSS version
25.0 (IBM, SPSS Statistics) and R version 3.6.2.
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Results

Expression of ARID1A protein was associated with mRNA
level
All the patients were divided into ARID1A negative group (n=58, 21.3%) and ARID1A positive group
(n=214, 78.7%) by IHC (Fig.1a, b). The mRNA expression of ARID1A was detected in 236 samples by qRT-
PCR and relative expression level of mRNA was calculated according to the formula 2-ΔΔCt. T test
analysis showed that mRNA expression level of ARID1A protein negative group was signi�cantly lower
than that of protein positive group (Fig.1c).

Different protein expression levels of ARID1A in the �ve GC
molecular subtypes 
Among the 272 GC patients, 3 cases (1.1%) were EBV positive, 9 cases (3.3%) were MSI-H subtype, 33
cases (12.1%) were E-cadherin aberrant, 164 cases (60.3%) were p53 aberrant and 63 cases (23.2%) were
p53 normal (Figure. 2a). The probability of ARID1A protein negative in MSI-H subtype (5/9, 55.6%) was
signi�cantly higher than that in p53 aberrant subtype (33/164, 20.1%, p=0.037) and p53 normal subtype
(12/63, 19.0 %, p=0.046, Figure. 2b). Among the 3 patients with EBV positive GC, 1 patient was negative
for ARID1A protein. There was no difference in the proportion of negative ARID1A protein between EBV
positive GC and other subtypes due to the small sample size.

ARID1A expression pattern and clinicopathological
characteristics of patients
Clinicopathological characteristics of 272 GC patients were summarized in the Table 1. Until now, no
study has yet clearly established the grading standard for the relative expression level of ARID1A mRNA
extracted from FFPE, and the loss of expression caused by ARID1A mutation has special value for
research. Considering that the mutation rate of ARID1A in GC is 18.7%-23%, in this study, we arranged the
relative expression level of ARID1A mRNA in ascending order, and the �rst 20% cases were de�ned as low
expression of ARID1A mRNA (n = 47, 20%), and the remaining 80% cases were de�ned as high expression
of ARID1A mRNA (n = 193, 80%). The protein or mRNA expression of ARID1A was not associated with
gender, age, Body Mass Index (BMI), stage, depth of invasion, lymph node metastasis, distant metastasis,
perineural invasion or vascular invasion. However, loss expression of ARID1A protein was signi�cantly
correlated with MSI-H subtype, PD-L1 CPS≥1 and CPS≥10 (p=0.033, p=0.005 and p=0.012, respectively).
In addition, among 47 patients with low expression of ARID1A mRNA, there were 20 (42.6%) patients with
PD-L1 CPS≥10 and only 29.6% (56/189) patients with high expression of ARID1A mRNA were PD-L1
CPS≥10, although the difference was not statistically signi�cant. The low expression of ARID1A mRNA
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was correlated with abnormal E-cadherin (p =0.003). There was no correlation between the expression of
p53, AFP or VEFGR2 and the expression of ARID1A protein or mRNA.

Relationship between ARID1A expression pattern and
systemic in�ammatory markers of patients
Both SIR and ARID1A were reported to have predictive value in the prognosis of immunotherapy(Formica
et al. 2020; Okamura et al. 2020), so we investigated whether there is any association between ARID1A
expression and systemic in�ammatory markers. ARID1A negative protein group had a lower level of
albumin (p=0.0064, Figure. 3e), while the low mRNA group had a higher level of PLR (p=0.0391, Figure.
3i). In addition, the LMR level appeared to be lower in the ARID1A negative protein group, but it was not
statistically signi�cant (p=0.0689, Figure. 3b). We also analyzed the relationship between systemic
in�ammatory markers and ARID1A expression by the chi-square test (Table S1), and found ARID1A
protein negative was associated with high level of PLR and low level of albumin (p=0.038 and p=0.008,
respectively, Table S1). Moreover, ARID1A mRNA was low in 17 (17.7%) of the 96 cases with low LMR,
and in 30 (32.3%) of the 93 patients with high LMR, but the difference was not statistically signi�cant
(p=0.073, Table S1). 

ARID1A expression pattern was signi�cantly associated
with overall survival
Follow-up of 172 patients was carried out up to the date of death from any cause or last contact, and the
median survival time was 23 months. Both negative expression of ARID1A protein and low expression of
ARID1A mRNA were signi�cantly associated with poor prognosis (p=0.002 and p=0.013, respectively)
(Figure 4a, b). Univariate and multivariate Cox proportional hazard models were performed to assess the
value of ARID1A protein expression pattern and clinical variables on survival (Table 2). Univariate
analysis demonstrated that negative expression of ARID1A protein (p=0.002), older age (p=0.003), higher
T stage (p=0.002), and higher N stage (p=0.003) were associated with decreased OS. Multivariate Cox
analysis indicated that negative expression of ARID1A protein (p=0.023), older age (p=0.004), higher T
stage (p=0.009), or higher N stage (p=0.009) were independent risk factors for poor prognosis.

Development and validation of the nomogram
To predict the survival risk of patients with GC, a nomogram was established based on all independent
risk factors selected by multivariate Cox analysis (Figure. 5a). The C-index of the nomogram was 0.719
(95% CI: 0.683-0.755), which was higher than 8th edition of the AJCC staging system (C-index=0.657, 95%
CI: 0.621-0.692). In addition, the calibration plots of our nomogram showed high consistency between the
nomogram-predicted outcomes and the observational outcomes (Figure. 5b, c).
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Discussion
In previous researches, the mutation rate of tumor suppressor gene ARID1A was 18.7%-23% in GC (Cho et
al. 2019; S Jones et al. 2012), and its mutations often led to loss of protein expression, which made
ARID1A a poor therapeutic target. In this study, we evaluated the protein and mRNA expression of ARID1A
by IHC staining and qRT-PCR respectively. 58 (21.3%) among 272 patients were assessed as negative
ARID1A protein. We found that the expression level of ARID1A mRNA was also lower in protein negative
group.

GC is a malignant tumor with complex pathogenic factors and high heterogeneity. The Cancer Genome
Atlas (TCGA) divided GC into four molecular subtypes: EBV positive subtype, MSI subtype, chromosomal
instability (CIN) subtype and genomically stable (GS) subtype("Comprehensive molecular
characterization of gastric adenocarcinoma" 2014). This study found that EBV positive GC had higher
frequency of ARID1A mutation (55%), extreme DNA hypermethylation and ampli�cation of JAK2 and PD-
L1. MSI-H GC showed elevated mutation rates and MLH1 gene silencing. GS subtype was mostly
histological diffuse type with high frequency of CDH1 and RHOA mutations. CIN subtype showed obvious
aneuploidy and was mostly intestinal type or gastroesophageal borderline tumor("Comprehensive
molecular characterization of gastric adenocarcinoma" 2014). In 2016, Setia et al proposed a more
convenient classi�cation of GC subtypes using IHC and ISH: EBV positive subtype, MSI-H subtype, E-
cadherin abnormal subtype, p53 abnormal subtype and p53 normal subtype GC(Setia et al. 2016). It was
also found that EBV positive GC had higher PD-L1 expression and GC with abnormal E-cadherin
expression was associated with histological diffuse type. GC with abnormal p53 expression was
associated with histological intestinal type. EBV positive and MSI-H type GC had better prognosis. In our
study, 272 cases with GC were divided into the above-mentioned 5 subtypes according to the detection of
EBER and IHC of MLH1, PMS2, E-cadherin and p53. We found that the negative rates of ARID1A protein in
the MSI-H subtype (5/9, 55.6%) was signi�cantly higher than that in the p53 abnormal subtype (33/164,
20.1%, p=0.037) and the p53 normal subtype (12/63, 19.0%, p=0.046). Among the three EBV positive
cases, one case was negative for ARID1A protein. Due to the small sample size of EBV positive cases, we
couldn’t �nd the difference of ARID1A protein negative rates between EBV positive GC and other
subtypes.

According to previous studies(Y. B. Kim et al. 2019), loss of ARID1A protein expression was signi�cantly
associated with higher PD-L1 expression in GC, which was consistent with our �ndings. Considering that
GC with MSI-H and positive PD-L1 expression had better response to ICIs and negative expression of
ARID1A protein was signi�cantly related to MSI-H and PD-L1 positive(Fuchs et al. 2018; S. T. Kim et al.
2018; Y. B. Kim et al. 2019; Shen et al. 2018), expression of ARID1A may become a biomarker for
immunotherapy. Reduced expression of ARID1A was reported to down-regulate the transcription of CDH1
and enhance tumor invasion(Yan et al. 2014), and our study found lower ARID1A mRNA level was related
to aberrant E-cadherin expression.
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Cancer-related in�ammation is a key determinant of tumor progression and metastasis in most
cancers(Hanahan & Weinberg 2011). With the rapid development of immunotherapy, some systemic
in�ammatory markers (such as NLR, PLR, CRP, albumin, etc) have been found to be closely related to the
prognosis of ICIs in different kinds of tumors(Dharmapuri et al. 2020; Formica et al. 2020; Rossi et al.
2020). ARID1A mutation has been reported as an independent predictor of longer PFS during tumor
immunotherapy(Okamura et al. 2020), and is closely related to increased expression of gene signatures
of immune checkpoint, cytotoxic T-cell function and antigen presentation(Mehrvarz Sarshekeh et al.
2021). Increased expression of key genes (HAVCR2, IDO1, IL4I1, LAG3, PDCD1, PDCD1LG and THFRSF4)
which are known to be related to immune response are also associated with ARID1A mutation(Mehrvarz
Sarshekeh et al. 2021). In our study, we found loss of ARID1A protein was associated with lower albumin
(p=0.0064) and low ARID1A mRNA was associated with higher PLR (p=0.0689). Since both ARID1A and
SIR have prognostic value in tumor immunotherapy, the mechanism of their interrelation deserves further
study to provide more information for the research of ICIs treatment biomarkers.

In clinical practice, the TNM staging system is usually used to assess the prognosis of patients with
malignant tumors. However, the current staging system is not su�cient to predict the prognosis. It is
essential to establish more accurate clinical prognostic tools for GC. In our research, we established a
nomogram based on four independent predictors(including expression of ARID1A protein, age, T stage
and N stage) for OS as a practical prognostic tool. Nomogram quanti�es the risk by including all clinical
and pathological variables related to the prognosis, which can be used for individualized prognosis
prediction(Graesslin et al. 2010; Han et al. 2012). Our research was the �rst to combine ARID1A and
clinicopathological characteristics to establish a nomogram for survival prediction in GC. Furthermore, we
compared the predictive accuracy between our nomogram and the 8th edition of AJCC TNM staging
system, and found our nomogram was superior to the TNM staging system in predicting the prognosis of
OS in GC patients. These results showed that our nomogram was relatively good at identifying high-risk
populations and predicting prognosis.

There were some limitations in our study. Firstly, in 36 of 272 samples, we could not detect the expression
of the target genes (including ARID1A and β-actin) by qRT-PCR using total RNA extracted from FFPE
samples due to the degradation of RNA. Secondly, our samples lacked the detection data of GS and CIN,
so the association between ARID1A expression and TCGA subtypes couldn’t be analyzed. Thirdly, we were
unable to obtain information on postoperative adjuvant treatments, such as chemotherapy, radiotherapy,
immunotherapy or targeted therapy, so we couldn’t compare the relationship between ARID1A expression
and prognosis in different kinds of treatments.

Conclusion
In conclusion, we found that ARID1A protein negative group had lower level of mRNA and was
signi�cantly associated with PD-L1 positive and aberrant systemic in�ammatory markers. The
established nomogram based on ARID1A, age, T stage and N stage was a practical tool for evaluating the
prognosis of GC.
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Tables
Table 1

 Clinicopathological characteristics of GC patients according to ARID1A expression. 
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  ARID1A protein expression ARID1A mRNA expression

  negative

(n=58)

positive

(n=214)

Pa low

(n=47)

high

(n=189)

Pa

Gender     0.351     0.397

Male 41 (20.0%) 164 (80.0%)   33 (18.6%) 144 (81.4%)  

Female 17 (25.4%) 50 (74.6%)   14 (23.7%) 45 (76.3%)  

Age     0.998     0.282

≤65y 31 (22.1%) 109 (77.9%)   22 (17.3%) 105 (82.7%)  

65y 27 (22.1%) 95 (77.9%)   25 (22.9%) 84 (77.1%)  

BMI     0.397     0.903

18.5 7 (26.9%) 19 (73.1%)   4 (16.7%) 20 (83.3%)  

18.5~23.9 34 (19.1%) 144 (80.9%)   30 (19.7%) 122 (80.3%)  

23.9 15 (26.3%) 42 (73.7%)   11 (21.6%) 40 (78.4%)  

unknown 2 (18.2%) 9 (81.8%)   2 (22.2%) 7 (77.8%)  

Lauren classi�cation     0.092     0.631

Intestinal type 23 (27.7%) 60 (72.3%)   11 (16.4%) 56 (83.6%)  

Diffuse type 20 (20.2%) 79 (79.8%)   18 (22.8%) 61 (77.2%)  

Mixed type 15 (14.7%) 87 (85.3%)   18 (20.0%) 72 (80.0%)  

Stage     0.267     0.469

IIIA 14 (18.4%) 62 (81.6%)   11 (16.2%) 57 (83.8%)  

IIIB 31 (25.8%) 89 (74.2%)   20 (19.4%) 83 (80.6%)  

IIIC 13 (17.1%) 63 (82.9%)   16 (24.6%) 49 (75.4%)  

Depth of invasion     0.076     0.402

T2 3 (42.9%) 4 (57.1%)   3 (20.0%) 12 (80.0%)  

T3 41 (26.1%) 116 (73.9%)   24 (17.1%) 116 (82.9%)  

T4 14 (14.3%) 84 (85.7%)   20 (24.7%) 61 (75.3%)  

Lymph node
metastasis

    0.393     0.351

N1 5 (19.2%) 21 (80.8%)   3 (13.6%) 19 (86.4%)  

N2 12 (16.2%) 62 (83.8%)   10 (15.2%) 56 (84.8%)  
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N3 41 (23.8%) 131 (76.2%)   34 (23.0%) 114 (77.0%)  

Venous invasion     0.955     0.435

Present 46 (21.4%) 169 (78.6%)   39 (21.0%) 147 (79.0%)  

Absent 12 (21.1%) 45 (78.9%)   8 (16.0%) 42 (84.0%)  

Nerve invasion     0.127     1

Present 50 (20.0%) 200 (80.0%)   43 (19.9%) 173 (80.1%)  

Absent 8 (36.4%) 14 (63.6%)   4 (20.0%) 16 (80.0%)  

MSI status     0.033     0.803

MSS 53 (20.2%) 210 (79.8%)   46 (20.3%) 181 (79.7%)  

MSI-H 5 (55.6%) 4 (44.4%)   1 (12.5%) 8 (87.5%)  

PD-L1            

CPS ≥ 1 50 (25.8%) 144 (74.2%) 0.005 34 (20.1%) 135 (79.9%) 0.901

CPS 1 8 (10.3%) 70 (89.7%)   13 (19.4%) 54 (80.6%)  

CPS ≥ 10 26 (30.6%) 59 (69.4%) 0.012 20 (26.3%) 56 (73.7%) 0.090

CPS 10 32 (17.1%) 155 (82.9%)   27 (16.9%) 133 (83.1%)  

p53     0.930     0.500

Normal 17 (21.0%) 64 (79.0%)   15 (22.7%) 51 (77.3%)  

Aberrant 41 (21.5%) 150 (78.5%)   32 (18.8%) 138 (81.2%)  

E-cadherin     0.737     0.020

Normal 50 (21.0%) 188 (79.0%)   36 (17.6%) 169 (82.4%)  

Aberrant 8 (23.5%) 26 (76.5%)   11 (35.5%) 20 (64.5%)  

AFP     0.643     1

- 56 (21.2%) 208 (78.8%)   45 (19.7%) 183 (80.3%)  

+ 2 (40.0%) 3 (60.0%)   1 (20.0%) 4 (80.0%)  

unknown 0 (0%) 3 (100%)   1 (33.3%) 2 (66.7%)  

VEGFR2     0.899     0.647

- 6 (18.2%) 27 (81.8%)   6 (20.0%) 24 (80.0%)  

+ 25 (20.7%) 96 (79.3%)   23 (21.5%) 84 (78.5%)  

++ 20 (22.0%) 71 (78.0%)   12 (15.8%) 64 (84.2%)  
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+++ 7 (25.9%) 20 (74.1%)   6 (26.1%) 17 (73.9%)  

ARID1A AT-rich interactive domain 1A, BMI body mass index, MSI microsatellite instability, MSI-H
microsatellite instability-high, MSS microsatellite stable, PD-L1 programmed cell death-ligand 1, AFP
alpha-fetoprotein, VEGFR2 vascular endothelial growth factor receptor 2

a Pearson’s chi-square test (or Fisher’s exact test) was used in statistical analyses.

Table 2 

Univariate and multivariate COX analysis of overall survival

Figures
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Figure 1

Representative immunohistochemical staining images of ARID1A in GC (a) Negative ARID1A staining in
tumor tissues. (b) Positive ARID1A staining in tumor tissues. Scale bars = 100 μm. (c) Relative mRNA
level of ARID1A in protein negative and positive group.
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Figure 2

(a) Pie charts of �ve molecular subtypes of GC (b) The protein expression level of ARID1A in �ve
molecular subtypes of GC.
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Figure 3

Relationship between ARID1A expression pattern and systemic in�ammatory markers (a-f) Relationship
between ARID1A protein expression and systemic in�ammatory markers. (g-l) Relationship between
ARID1A mRNA expression and systemic in�ammatory marker.
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Figure 4

Kaplan–Meier survival curves for patients with GC in the (a) ARID1A protein group and the (b) ARID1A
mRNA group.
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Figure 5

Development and validation of the prognostic nomogram (a) Prognostic nomogram predicting 1-and 3-
year survival probability for patients with GC. (b-c) Calibration curves of our nomogram and the 8th
edition of the AJCC staging system for (b)1- and (c)3-years OS.
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