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Introduction

Gastric cancer (GC) is estimated to be the fourth most com-

mon cancer and third leading cause of cancer-related death 

worldwide.1 Outcomes in advanced-stage patients with GC re-

main poor. Therefore, the identification of molecular markers 

associated with prognosis is essential for effective application 

of therapeutic strategies. GC is a heterogeneous disease at the 

molecular level, with three different representative pathways in-

volved in carcinogenesis: chromosomal instability, microsatellite 

instability (MSI), and epigenetic instability. MSI, which refers 

to genetic or epigenetic alteration of the DNA mismatch repair 

(MMR) system, is characterized by alterations in the number of 

repeated nucleotides in the microsatellite regions. Defects in the 
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Purpose: The AT-rich interactive domain 1A (ARID1A) gene encodes BRG1-associated factor 250a, a component of the SWItch/Sucrose 
NonFermentable chromatin remodeling complex, which is considered a tumor suppressor in many tumors. We aimed to investigate the 
prognostic significance of ARID1A expression in gastric cancers and explore its relationship with clinicopathologic parameters such as 
mismatch repair protein expression. 
Materials and Methods: Four tissue microarrays were constructed from 191 resected specimens obtained at Soonchunhyang University 
Cheonan Hospital from 2006 to 2008. Nuclear expression of ARID1A was semiquantitatively assessed and binarized into retained and 
lost expression. 
Results: Loss of ARID1A expression was observed in 62 cases (32.5%). This was associated with more frequent vascular inva-
sion (P=0.019) and location in the upper third of the stomach (P=0.001), and trended toward more poorly differentiated subtypes 
(P=0.054). ARID1A loss was significantly associated with the mismatch repair-deficient phenotype (P=0.003). ARID1A loss showed 
a statistically significant correlation with loss of MLH1 (P=0.001) but not MSH2 expression (P=1.000). Kaplan-Meier survival analysis 
showed no statistically significant difference in overall survival; however, patients with retained ARID1A expression tended to have better 
overall survival than those with loss of ARID1A expression (P=0.053). In both mismatch repair-deficient and mismatch repair-proficient 
groups, survival analysis showed no differences related to ARID1A expression status.
Conclusions: Our results demonstrated that loss of ARID1A expression is closely associated with the mismatch repair-deficient pheno-
type, especially in sporadic microsatellite instability-high gastric cancers.
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MMR system result in the exaggerated accumulation of muta-

tions, leading to the development of cancers. MSI accounts for 

about 18% and 11% of GCs in Western and Eastern countries, 

respectively.2 MSI-high (MSI-H) GCs are associated with a bet-

ter good prognosis than MSI-low or microsatellite stable (MSS) 

GCs.2,3

Among the many candidate target genes in GCs, the AT-rich 

interactive domain 1A (ARID1A) has recently been suggested to 

encode a novel prognostic marker,4 namely the BRG1-associ-

ated factor 250a, a component of the SWItch/Sucrose NonFer-

mentable (SWI/SNF) chromatin remodeling complex. ARID1A 

mutations are frequently observed in many solid tumors5 such as 

endometriosis-associated ovarian carcinomas (clear cell carcino-

mas and endometrioid carcinomas),6 renal cell carcinomas,7 uro-

thelial carcinomas,8 breast carcinomas,9 and colorectal carcino-

mas (CRCs).10 The majority of ARID1A mutations are indels and 

nonsense mutations leading to the production of truncated pro-

teins that are rapidly degraded. Therefore, ARID1A mutations 

are closely related to the loss of protein expression.11 Although 

most studies in various organs revealed that ARID1A functions 

as a tumor suppressor,4 the prognostic implications of ARID1A 

mutations or loss of ARID1A expression are still controversial in 

some cancers such as GCs. 

Previous studies suggest that ARID1A alterations are as-

sociated with MSI in several types of tumors, including GCs,12 

CRCs,10 and endometrial carcinomas.13 Wang et al.14 demonstrat-

ed that the somatic mutation rate of ARID1A is higher in MSI-

H GCs than in MSS tumors (78% in MSI-H vs. 10% in MSS), 

with a higher proportion of indel mutations (89%) mostly in-

volving short mononucleotide tracts in MSI-H GCs. In contrast, 

MSS GCs are mostly associated with single nucleotide variations 

(59%).14 These results indicate that ARID1A is a driver gene 

targeted by the MSI pathway. However, a study by Bosse et al.11 

showed that loss of ARID1A is associated with sporadic MSI-H 

endometrial carcinomas with MLH1 promoter hypermethyl-

ation, rather than Lynch syndrome in which individuals exhibit 

germline mutations of MMR genes, which supports a causative 

role for ARID1A in carcinogenesis in MSI-H tumors.

Numerous recent studies, such as The Cancer Genome At-

las (TCGA) project, have reported recurrent mutations and 

alterations in ARID1A in GCs15; however, their specific roles 

in gastric carcinogenesis remain elusive. In the current study, 

we evaluated the expression of ARID1A using immunohisto-

chemistry (IHC) in surgically resected GCs. Additionally, the 

relationship between ARID1A expression and the expression of 

the MMR genes MLH1 and MSH2 was examined. The aim of 

the present study was to investigate the prognostic significance 

of ARID1A expression in GCs and explore its relationship with 

clinicopathologic parameters such as MMR protein expression. 

Materials and Methods

1. Patients and specimens

We retrospectively analyzed data collected from patients with 

GCs who underwent radical surgical resection with extended 

lymph node dissection at Soonchunhyang University Hospital, 

Cheonan, Korea, from 2006 to 2008. Pathologic diagnosis had 

been requested in 191 cases. All samples were derived from 

formalin-fixed paraffin-embedded tissues. Patients’ electronic 

medical records were reviewed for clinicopathologic information 

such as gender, age, tumor location, TNM stage, tumor depth, 

lymph node metastasis, tumor differentiation, presence of lym-

phatic, vascular and perineural invasion, and Lauren and Ming 

classifications. Patient survival data were obtained by reviewing 

patient medical records, or from death registry offices. We ex-

cluded patients who had undergone neoadjuvant chemotherapy, 

those with a history of other critical medical problems, or cases 

for which archival blocks were unavailable. Tumor restaging and 

histological regrading were performed according to the stag-

ing system of the American Joint Committee on Cancer Staging 

Manual, 7th Edition. 

2. Gastric cancer tissue microarray and immuno

histochemistry 

Tissue microarrays (TMAs) were constructed as previously 

described.16 Briefly, tissue cores (2 mm in diameter) containing 

representative GC areas were punched from a donor block and 

transferred to a recipient paraffin block using a trephine ap-

paratus. Four tissue array blocks were prepared from 193 cases. 

In addition, non-neoplastic gastric mucosal tissue from differ-

ent locations was included in each microarray block as internal 

controls. Next, using 4-µm-thick sections from TMAs, immu-

nohistochemical staining for ARID1A, MLH1, and MSH2 was 

carried out. Immunohistochemical staining for each marker was 

performed using the Bond Polymer Refine Detection Kit (Leica 

Microsystems GmbH, Wetzlar, Germany) with the following 

antibodies: anti-ARID1A (ab171870, 1:50; Abcam, Cambridge, 

MA, USA), anti-MLH1 (G168728, 1:50; Cell Marque, Rocklin, 
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CA, USA), and anti-MSH2 (FE11, 1:200; Invitrogen, Camarillo, 

CA, USA). Immunoreactivity for the ARID1A protein was 

semiquantitatively assessed based on the intensity and extent of 

nuclear staining. The intensity was initially scored and catego-

rized into four groups: completely negative staining (0), faint 

positive (1+), intermediately positive (2+), and strong positive 

(3+) (Fig. 1). If 10% or more of the tumor area in a core showed 

2+ or 3+ nuclear intensity, it was considered to exhibit retention 

of ARID1A expression, and the remainder was regarded to show 

loss of ARID1A expression. The expression of the MMR genes 

MLH1 and MSH2 was assessed as lost (negative) and retained 

(positive) expression (Fig. 2). Expression was considered to have 

been retained when nuclear staining was observed, regardless of 

the extent of positive area, and lost when all tumor cells were 

completely negative in the presence of clear positive staining of 

internal control cells (i.e., fibroblasts of lymphocytes).

3. Statistical analysis

Correlation between clinicopathologic parameters and ARI-

D1A expression was analyzed using Pearson’s chi-square test or 

Fisher’s exact test (for cases with an n value of ＜10). Overall 

survival (OS) was defined as the duration from the date of sur-

gery to the date of death or the last follow-up visit. Recurrence-

free survival (RFS) was defined as the duration in months from 

the date of surgery to the date of death, tumor recurrence, or last 

follow-up. The Kaplan-Meier method with the log-rank test 

was performed to compare OS and RFS between two groups 

according to ARID1A expression. All statistical analyses were 

performed using the IBM SPSS software program ver. 20 (IBM 

Co., Armonk, NY, USA) and statistical significance was deter-

mined at P＜0.05.

A B

C D

Fig. 1. (A) Representative images of ARID1A immunohistochemical staining (IHC) of gastric cancers (GCs) (×200) exhibiting score 0. (B) Repre-
sentative images of ARID1A IHC of GCs (×200) exhibiting score 1. (C) Representative images of ARID1A IHC of GCs (×200) exhibiting score 2. (D) 
Representative images of ARID1A IHC of GCs (×200) exhibiting score 3.
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Results

1. Association between ARID1A expression and 

clinicopathologic features

Loss of ARID1A expression, observed in 62 patients (32.5%) 

with GC, was associated with more frequent vascular invasion 

(P=0.019) and a tendency for GCs to be located in the upper 

third of the stomach (P=0.001). Additionally, GCs with loss of 

ARID1A expression showed more poorly differentiated subtypes 

(P=0.054); however, statistical significance was not observed 

for this tendency. No significant difference was observed with 

respect to other parameters such as gender, age, stage, or Lauren 

and Ming classifications. Table 1 summarizes ARID1A protein 

expression and clinicopathologic characteristics. 

2. ARID1A expression and status of mismatch 

repair protein expression

Table 2 summarizes the association between ARID1A ex-

pression and MMR protein expression status. Among the 186 

cases studied, 33 cases (17.7%) and 6 cases (3.2%) showed loss 

of MLH1 expression or MSH2 expression, respectively. Two 

cases (1.1%) showed concurrent loss of MLH1 and MSH2 pro-

tein expression. The remaining 149 cases retained expression of 

both proteins. Overall, 37 cases (19.9%) were regarded as being 

MMR-deficient type. ARID1A loss is significantly associated 

with MMR-deficient GCs (P=0.003). In particular, in MMR pro-

teins, ARID1A loss was found to show a statistically significant 

correlation with loss of MLH1 expression (P=0.001) but not with 

loss of MSH2 expression (P=1.000).

A B

C D

Fig. 2. (A) Representative images of MLH1 immunohistochemical staining (IHC) of gastric cancers (GCs) (×200) with loss of expression. (B) 
Representative images of MLH1 IHC of GCs (×200) with retained expression. (C) Representative images of MSH2 IHC of GCs (×200) with loss of 
expression. (D) Representative images of MSH2 IHC of GCs (×200) with retained expression.
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3. Survival analysis

The follow-up period for patients (from surgery to death or 

the last follow-up) ranged from 4 months to 95 months (median 

interval: 70 months). During the follow-up period, 58 of the pa-

tients (30.4%) died. The median survival of patients with loss of 

ARID1A expression was 68 months, and the median survival of 

patients showing retained ARID1A expression was 71 months. 

There was no statistically significant difference in OS between 

the two groups; however, patients with retained ARID1A ex-

pression showed a tendency toward better OS than those with 

loss of ARID1A expression (P=0.053). We additionally subdi-

vided cases into MMR-deficient and MMR-proficient groups, 

in order to exclude the effect of MSI on prognosis and increase 

the level of homogeneity in each group, before performing sur-

vival analysis. In both the MMR-deficient and MMR-proficient 

groups, the log-rank test for survival analysis failed to show 

differences related to ARID1A expression status (P=0.229 and 

P=0.169 for the MMR-deficient and MMR-proficient groups, 

respectively) (Fig. 3). Additionally, no significant difference was 

observed in RFS between the two groups (P=0.947). Analysis of 

RFS, performed after subdividing cases into MMR-proficient 

and MMR-deficient groups, failed to show differences related to 

ARID1A expression status (P=0.649 and P=0.622 for the MMR-

deficient and MMR-proficient groups, respectively) (Supple-

mentary Fig. 1).

Discussion 

In the present study, loss of ARID1A expression was ob-

Table 1. Association between ARID1A expression and clinico
pathologic factors in gastric cancer

Parameter No. of case
ARID1A expression

Lost Retained P-value

Total 191 62 (32.5) 129 (67.5)

Gender
   Male
   Female

142
49

43 (69.4)
19 (30.6)

99 (76.7)
30 (23.3)

0.292

Age (yr)
   <55
   ≥55

61
130

16 (25.8)
46 (74.2)

45 (34.9)
84 (65.1)

0.247

Site
   Upper
   Middle
   Lower

25
32

134

14 (22.6)
15 (24.2)
33 (53.2)

11 (8.5)
17 (13.2)

101 (78.3)

0.001

AJCC stage*
   I/II
   III/IV

113
78

35 (56.5)
27 (43.6)

78 (60.5)
51 (39.5)

0.639

Tumor depth*
   T1/T2
   T3/T4

96
95

26 (41.9)
36 (58.1)

70 (54.3)
59 (45.7)

0.124

Lymph node metastasis
   Absent
   Present

87
104

23 (37.1)
39 (62.9)

64 (49.6)
65 (50.4)

0.122

WHO classification
   WD/MD
   PD/Mucinous 

68
123

16 (25.8)
46 (74.2)

52 (40.3)
77 (59.7)

0.054

Lymphatic invasion
   Absent
   Present

96
95

27 (43.5)
35 (56.5)

69 (53.5)
60 (46.5)

0.219

Vascular invasion
   Absent
   Present

172
19

51 (82.3)
11 (17.7)

121 (93.8)
8 (6.2)

0.019

Perineural invasion
   Absent
   Present

147
44

44 (71.0)
18 (29.0)

103 (79.8)
26 (20.2)

0.200

Lauren classification
   Intestinal
   Diffuse

119
72

34 (54.8)
28 (45.2)

85 (65.9)
44 (34.1)

0.154

Ming classification
   Expanding
   Infiltrative

57
134

14 (22.6)
48 (77.4)

43 (33.3)
86 (66.7)

0.176

Values are presented as number only or number (%). AJCC = 
American Joint Committee on Cancer; WHO = World Health 
Organization; WD = well differentiated adenocarcinoma; MD = 
moderately differentiated adenocarcinoma; PD = poorly differentiated  
adenocarcinoma. *Classification according to the 7th edition of the 
AJCC staging system.  

Table 2. Association between ARID1A expression and mismatch 
repair (MMR) proteins

Parameter No. of 
case

ARID1A expression

Lost Retained P-value

MMR protein expression*
   MMR-intact
   MMR-deficient

149
37

39 (66.1)
20 (33.9)

110 (86.6)
17 (13.4)

0.003

MLH1 expression*
   Retained
   Lost

153
33

40 (67.8)
19 (32.2)

113 (89.0)
14 (11.0)

0.001

MSH2 expression*
   Retained
   Lost

184
6

59 (96.7)
2 (3.3)

125 (96.9)
4 (3.1)

1.000

Values are presented as number only or number (%). *Included only 
for patients with available tissue microarray data.
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served in 32.6% of patients with GC. This finding is roughly 

consistent with the results of previous studies, which showed 

a wide range of values, ranging from 11.0%17 to 30.3%,18 for 

ARID1A expression in GCs. Recently, it has been reported that 

the presence of mutations in ARID1A is closely related to im-

munoreactivity in GCs.11 Moreover, Wang et al.14 revealed that 

ARID1A mutations were found in 29.4% of GCs. Additionally, 

TCGA data sets indicate that the frequency of ARID1A gene 

mutations in GCs is 31.1%.15 However, to date, the expression 

of ARID1A and its associated clinicopathologic and prognostic 

implications have rarely been explored in GCs.

In the present study, we performed IHC of MMR proteins 

as a substitute for MSI testing. Although MSI testing is more 

widely used for detecting the MMR gene status in patients, IHC 

is recognized to achieve a similar level of sensitivity and speci-

ficity as MSI testing.19 Therefore, IHC may be used as a simple 

and valuable tool for screening for MMR deficiency in GCs. The 

immunohistochemical profiles of MMR proteins may be sum-

marized as four phenotypes: MLH1-negative/PMS2-negative, 

PMS2-negative only, MSH2-negative/MSH6-negative, and 

MSH6-negative only.20 Changes in PMS2 or MSH6 levels show 

minor effects on the MSI-H phenotype; the majority of MSI-

H GCs are induced by alteration of MLH1 or MSH2. Generally, 

the loss of MLH1 and MSH2 expression are considered mutu-

ally exclusive events; however, concurrent loss of the expression 

of both proteins has also been reported in rare instances.12 The 

relatively high incidence of concurrent inactivation of MLH1 

and MSH2 observed in the present study may be due to the fact 

that not all tumor sections were evaluated. Instead, TMAs with 

a 2-mm diameter core were used to investigate MMR protein 

expression. Although loss of MMR protein is considered to be 

mostly homogeneous within a tumor region,12 assessment of the 

whole section of the tumor area is necessary for more precise 

evaluation of the MMR status. In addition, the assessment of 

PMS2 and MSH6 inactivation should aid in the detection of rare 

MSI-H GCs, and enable more precise evaluation of the MSI 

phenotype. 

We found a significant correlation between loss of ARID1A 

expression and the MMR-deficient phenotype. This phenom-

enon has also been observed in various other tumor sites. Bosse 

et al.11 showed a strong association between ARID1A loss and 

sporadic MSI-H phenotype endometrial cancers. Additionally, 

Han et al.21 reported that loss of ARID1A was positively cor-

related with MSI-H status and loss of MMR protein in GCs. As 

previously mentioned, Wang et al.14 reported a higher somatic 

mutation rate in MSI-H phenotype tumors compared with 

other molecular subtypes of GCs, demonstrating that ARID1A 

is targeted by MSI. Among the two MMR genes, loss of ex-

pression of MLH1, but not MLH2, was significantly associated 

with ARID1A expression loss, which is in line with results in 

CRCs.10 However, the biological relevance of this correlation is 

not clear. Sporadic MSI-H GCs with loss of MLH1 expression, 

which exhibit MLH1 promoter hypermethylation in association 

with the CpG island methylator phenotype (CIMP), represent 

the majority of MSI-H GCs. It has been suggested that ARID1A 

promoter hypermethylation induced by CIMP may account for 

the correlation between ARID1A expression loss and MMR de-

ficiency in sporadic MSI-H cancers in other organs such as the 
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Fig. 3. Kaplan-Meier survival analysis with log-rank test. (A) Overall survival curve of the loss of expression (n=62) vs. retained expression groups 
(n=129) in all patients. (B) Overall survival curve of the loss of expression (n=39) vs. retained expression groups (n=110) in with mismatch repair (MMR)-
deficient patients. (C) Overall survival curve of the loss of expression (n=20) vs. retained expression groups (n=17) in MMR-proficient patients.
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endometrium.11 Moreover, the ARID1A gene has been known 

to harbor CpG islands in its promoter, and ARID1A promoter 

hypermethylation has also been described in breast carcinoma.22 

However, in GCs, promoter hypermethylation of ARID1A has 

not been reported, and even TCGA data of GCs did not reveal 

evidence of ARID1A promoter hypermethylation in the 322 

GC patients studied.15 In addition, an inactivation mechanism 

involving promoter hypermethylation does not explain the high 

occurrence rate of somatic mutation of the ARID1A gene, and 

its strong correlation with ARID1A loss of expression, reported 

in previous studied. Several researchers have suggested an alter-

native mechanism whereby MLH1 promoter hypermethylation 

occurs due to aberrant epigenetic alterations mediated by a defi-

cient SWI/SNF complex.11 However, to the best of our knowl-

edge, no studies on the correlation between the SWI/SNF com-

plex and MLH1 promoter methylation have been carried out. 

Further research is required for elucidation of the association 

between ARID1A expression and the MSI phenotype, especially 

in sporadic MSI-H GCs.

The current study shows that loss of ARID1A expression is 

significantly associated with vascular invasion. Moreover, tumors 

with loss of ARID1A expression tended to exhibit more poorly 

differentiated histology, suggesting more aggressive behavior. 

Furthermore, GCs with ARID1A loss were more frequently 

observed in the upper third of the stomach, which is consistent 

with other recent findings.12

Studies have yielded controversial results regarding the prog-

nostic role of ARID1A expression in GCs. Some authors suggest 

that loss of ARID1A expression is associated with poor sur-

vival.23 Abe et al.17 reported that loss of ARID1A expression was 

significantly associated with lower rates of disease-free survival 

in patients with Epstein-Barr virus-negative (EBV[-])/MLH1-

preserved GCs. However, Wang et al.14 described a trend of pro-

longed, RFS in patients with GCs with altered ARID1A expres-

sion. Lee et al.24 failed to show a significant difference in survival 

between the two groups. These differences in prognostic signifi-

cance may be attributed to various factors such as characteris-

tics of the study groups, sample size, type of antibody, and the 

assessment system applied. For example, the cohort studied by 

Wang et al.14 included an exaggerated number of MSI-H GCs. 

Therefore, the observation of better prognosis in patients with 

ARID1A expression loss may be attributed to a link between 

ARID1A alteration and MSI status in the study by Wang et al.14 

In our study, loss of ARID1A was associated with a tendency 

towards shorter OS; however, this correlation was not strong 

enough to be utilized as a prognostic indicator. On subdivision 

into MMR-deficient and MMR-proficient groups, no difference 

was noted in OS between the groups in which ARID1A expres-

sion had been lost or retained. It is postulated that the number 

of cases examined in the present study was not sufficiently high 

and that the study population consisted of an excessively high 

proportion of early gastric carcinomas (EGCs) and early stage 

tumors, which hindered determination of the exact prognostic 

role of ARID1A in GCs. EGCs and stage I cases accounted for 

34.0% (n=65) and 40.3% (n=77) cases, respectively, in the present 

cohort. Therefore, the recruitment of a larger number of patients 

is needed to clarify the function of the ARID1A gene in gastric 

carcinogenesis. 

In conclusion, our results demonstrate that loss of expres-

sion of ARID1A, which occurs in approximately 32% of GCs, 

is closely associated with the MMR-deficient phenotype, as 

established by IHC. In addition, the loss of ARID1A expression 

appears to be closely linked to sporadic MSI-H GCs. Although 

the difference in survival outcomes between patients with GCs 

exhibiting loss or retention of ARID1A expression was not sta-

tistically significant, the latter group showed a trend toward bet-

ter OS outcomes.
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Supplementary Fig. 1. Kaplan-Meier survival analysis with log-rank test. (A) Recurrence free 

survival curve of the loss of expression (n=60) vs. retained expression groups (n=128) in all 

patients. (B) Recurrence free survival curve of the loss of expression (n=38) vs. retained expression 

groups (n=109) in mismatch repair (MMR)-deficient patients. (C) Recurrence free survival curve of 

the loss of expression (n=19) vs. retained expression groups (n=17) in MMR-proficient patients. 


