
九州大学学術情報リポジトリ
Kyushu University Institutional Repository

The effects of ARID1A mutations on colorectal
cancer and associations with PD-L1 expression
by stromal cells

家守, 智大

https://hdl.handle.net/2324/6758948

出版情報：九州大学, 2022, 博士（医学）, 課程博士
バージョン：
権利関係：(c) 2021 The Authors. Cancer Reports published by Wiley Periodicals LLC. This is an
open access article under the terms of the Creative Commons Attribution License.



OR I G I N A L A R T I C L E

The effects of ARID1A mutations on colorectal cancer
and associations with PD-L1 expression by stromal cells

Tomohiro Kamori1 | Eiji Oki1 | Yoshifumi Shimada2 | Qingjiang Hu1 |

Yuichi Hisamatsu1 | Koji Ando1 | Mototsugu Shimokawa3 | Toshifumi Wakai2 |

Yoshinao Oda4 | Masaki Mori1

1Department of Surgery and Science,

Graduate School of Medical Sciences, Kyushu

University, Fukuoka, Japan

2Division of Digestive and General Surgery,

Niigata University Graduate School of Medical

and Dental Sciences, Niigata, Japan

3Department of Biostatistics, Yamaguchi

University Graduate School of Medicine,

Yamaguchi, Japan

4Department of Anatomic Pathology,

Pathological Sciences, Graduate School of

Medical Sciences, Kyushu University, Fukuoka,

Japan

Correspondence

Eiji Oki, Department of Surgery and Science,

Graduate School of Medical Sciences, Kyushu

University, Maidashi 3-1-1, Higashi-ku,

Fukuoka 812-8582, Japan.

Email: okieiji@surg2.med.kyushu-u.ac.jp

Funding information

Grant-in-Aid for Scientific Research, Grant/

Award Number: 20248164

Abstract

Background: ARID1A is a component of the SWI/SNF complex, which controls the

accessibility of proteins to DNA. ARID1A mutations are frequently observed in colo-

rectal cancers (CRCs) and have been reported to be associated with high mutational

burden and tumor PD-L1 expression in vitro.

Aim: To clarify the role of ARID1A mutation in CRC.

Method and results: We used next generation sequencing (NGS) and immunohisto-

chemistry on clinically obtained samples. A total of 201 CRC tissues from Niigata

University and Niigata Center Hospital were processed by NGS using the

CANCERPLEX panel. Immunohistochemistry for ARID1A, PD-L1, MLH1, and MSH2

was performed on 66 propensity-matched (33 microsatellite instability-high [MSI-H]

and 33 microsatellite-stable [MSS]) cases among 499 cases from Kyushu University.

TCGA data were downloaded from cBioPortal. NGS showed significantly more muta-

tions in ARID1A mutated CRCs (p = 0.01), and the trend was stronger for right-sided

CRCs than left-sided. TCGA data confirmed these findings (p < 0.01). BRAF V600E

and ATM mutations were also found at higher frequencies. Immunohistochemistry

showed that 30% of MSI-H CRCs had ARID1A loss, while this was true in only 6% of

MSS CRCs. In both MSI-H and MSS, PD-L1 expression by stromal cells was enhanced

in the ARID1A-mutant groups (90% vs 39% in MSI-H, 100% vs 26% in MSS).

Conclusion: We found a higher mutational burden in ARID1A-mutant CRCs, and IHC

study showed that ARID1A loss was correlated with high PD-L1 expression in stromal

cells regardless of MSI status. These data support the idea that mutant ARID1A is a

potential biomarker for CRCs.

K E YWORD S

ARID1A, colorectal cancer, microsatellite instability, PD-L1

Received: 27 January 2021 Revised: 26 April 2021 Accepted: 3 May 2021

DOI: 10.1002/cnr2.1420

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2021 The Authors. Cancer Reports published by Wiley Periodicals LLC.

Cancer Reports. 2022;5:e1420. wileyonlinelibrary.com/journal/cnr2 1 of 9

https://doi.org/10.1002/cnr2.1420

https://orcid.org/0000-0002-9763-9366
https://orcid.org/0000-0003-0524-236X
mailto:okieiji@surg2.med.kyushu-u.ac.jp
http://creativecommons.org/licenses/by/4.0/
http://wileyonlinelibrary.com/journal/cnr2
https://doi.org/10.1002/cnr2.1420
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fcnr2.1420&domain=pdf&date_stamp=2021-05-27


1 | INTRODUCTION

Despite recent progress in anticancer therapies, colorectal cancer

(CRC) remains one of the leading causes of cancer-related death

worldwide.1 Fluorouracil plus either oxaliplatin or irinotecan with bio-

logical agents is standard-of-care for patients with progressive CRC,

although it has limited efficacy.1 Since the emergence of immune

checkpoint inhibitors (ICIs) that target the programmed death-1 (PD-

1)/programmed death-ligand 1 (PD-L1) axis, there has been growing

evidence that patients with DNA mismatch repair (dMMR)/microsat-

ellite instability-high (MSI-H) CRC and those with a high tumor muta-

tional burden (TMB) can greatly benefit from ICI treatment.2,3

However, the overall response rate to ICIs was reported to be only

around 36% in recent clinical trials among MSI-H CRC patients.4,5 This

finding highlights the need for new immunotherapy biomarkers

beyond MSI status and TMB.

AT-rich interaction domain 1A (ARID1A) is a component of the

SWI/SNF chromatin remodeling complex, which controls the accessi-

bility of proteins to DNA.6 The ARID1A gene is commonly mutated in

many types of cancer and is classified as a tumor suppressor.7 ARID1A

is mutated in approximately 10% of CRC patients and is associated

with medullary histology, BRAF V600E mutation, and MSI-H sta-

tus.8-10 Another study found that ARID1A loss or impaired ARID1A

binding to MSH2 (a member of the MMR proteins) reduced MMR

activity and increased the mutational load and PD-L1 expression of

tumor cells.11 In mice with ARID1A-deficient ovarian cancer, the ther-

apeutic effect of PD-L1 inhibitors was greatly enhanced, suggesting

ICI treatment could be beneficial for ARID1A-impaired patients.11

Additionally, retrospective studies have reported relationships

between ARID1A mutations and mutational load and with the immune

environment, implying a clinical benefit from ICI in cancers harboring

ARID1A mutations.12-14 These findings suggested that ARID1A muta-

tions may not only cooperate with ICI treatment but could also have

predictive value for ICI therapy.

In this study, we investigated the mutational status of ARID1A in

CRCs using next generation sequencing (NGS) to reveal other co-

occurring cancer-related mutations, the number of other mutations,

and evaluate the relationship between PD-L1 and ARID1A expression

by immunohistochemistry (IHC) to test whether ARID1A-mutant CRCs

are more likely to express PD-L1.

2 | METHODS

2.1 | Case selection

We collected two patient cohorts, one for NGS and the other for IHC

analysis (Supplementary Figure 1). A total of 201 patients diagnosed

with CRC according to the AJCC seventh edition15 who underwent

curative surgery between 2009 and 2015 at Niigata University Medical

and Dental Hospital or Niigata Cancer Center Hospital were enrolled

for NGS (NGS cohort). Clinicopathological data including sex, age at sur-

gery, tumor laterality (cecum to transverse colon is classified as right-

sided, and descending colon to rectum as left-sided), histological type,

pathological depth of invasion, lymph node metastasis, lymphatic inva-

sion, vascular invasion, and pathological stage were collected.

For IHC, we retrospectively assessed 499 patients who under-

went surgical resection for primary CRC between 1994 and 2015 at

the Department of Surgery and Sciences, Graduate School of Kyushu

University Hospital. The histological diagnoses were based on the

AJCC seventh edition.15 Clinicopathological data were collected

including sex, age at surgery, tumor laterality, histological type, lym-

phatic invasion, vascular invasion, and pathological stage.

2.2 | Next generation sequencing

NGS data collection was performed at Niigata University, and the

detailed procedures are explained in a previous report.16 Briefly,

gDNA (50-150 ng) was extracted from formalin fixed paraffin embed-

ded samples, converted into libraries, and then enriched for the

415 genes in the CANCERPLEX (KEW Inc.; Cambridge, Massachu-

setts). CANCERPLEX is a clinically validated 415-gene panel that is

enriched for coding regions of genes with known associations to can-

cer. Sequencing was performed on the Illumina MiSeq and NextSeq

platforms with an average sequencing depth of 500�. Genomic data

were then processed through a proprietary bioinformatics platform

and knowledge base to identify multiple classes of genomic abnormal-

ities including single nucleotide substitutions (SNPs), small insertions/

deletions (indels), and copy number variations (CNVs). A threshold of

10% allelic fraction was used for SNPs and indels, while thresholds of

>2.5-fold (gains) and 0.5-fold (loss) were used for CNVs. To assess the

somatic status of mutations in a tumor-only setting, variants were

deprioritized if they were present in a combination of the dbSNP,

1000 Genomes, or ExAC databases (at AF > 1%). Next, allele frequen-

cies for each mutation were used to fit a model to determine whether

the variant was likely germline heterozygous or somatic. Finally, the

results underwent a manual review by a molecular pathologist, who

validated the status of the variants (somatic vs possible germline).

Based on published data and experience, this approach allows for the

correct discrimination between germline and somatic variants in

>99% of cases. TMB was determined by non-synonymous SNPs pre-

sent in the tumor that had a population frequency of <1% in the

dbSNP and 1000 Genomes databases. The presence of ARID1A muta-

tions and the mutational burden of The Cancer Genome Atlas (TCGA)

cohort were downloaded from cBioPortal (https://www.cbioportal.

org/).17-19

2.3 | MSI analysis

MSI status was assessed in 499 patients of the Kyushu University

cohort using fluorescent-labeled primers and an automated DNA

sequencer as described previously.20-22 Briefly, we amplified the

microsatellite domain from cancerous and normal tissues by PCR.

The fluorescent-labeled polymerase chain reaction product was

loaded onto an ABI 310 sequencer (Applied Biosystems, Foster City,

California), and the data were analyzed using GeneScan software
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(Thermo Fisher Scientific, Waltham, Masasachusetts). MSI was deter-

mined based on the analysis of five reference markers (D2S123,

D5S107, D10S197, D11S904, and D13S175). MSI-H was defined as a

replication error in at least two markers, MSI-low (MSI-L) was defined

as a replication error in a single marker, and MSS was defined as no

replication errors among the reference markers. Patients with MSS or

MSI-L were combined into the MSS group. MSI status was deter-

mined for all patients; 48 were classified as MSI-H and the remaining

451 as MSS. Significant factors (sex and pathological stage) were used

for propensity score analysis; as a result, 46 patients from each of the

MSI-H and MSS groups were selected. Ultimately, 33 MSI-H and

33 MSS patients were included in the final histological analysis (IHC

cohort, Supplementary Figure 1b).

2.4 | Immunohistochemistry

We performed IHC using the universal immunoperoxidase polymer

method (Envision-kit; Dako-Japan, Tokyo, Japan) for all available cases.

Formalin-fixed, paraffin-embedded tissues were sectioned into 4-μm

slices, and then antigen retrieval was performed by boiling the slides in

10 mM sodium citrate (pH 6.0) or Target Retrieval Solution (Dako-Japan).

The primary antibodies and staining conditions are summarized in Supple-

mentary Table 1. Anti-mouse for MLH1 and MSH2 or anti-rabbit for

ARID1A and PD-L1 IgG (DAKO-Japan) were used as secondary anti-

bodies. The stained slides were evaluated by Tomohiro Kamori (Figure 1).

The expression of MMR proteins (MLH1 and MSH2) was judged

as “loss” when there was a complete absence of nuclear staining in

neoplastic cells, while the surrounding non-neoplastic cells consis-

tently showed preserved nuclear staining (Figure 1A-D).

In our assessment of ARID1A, clear absence of staining in the nuclei

of viable tumor tissue (away from necrotic areas) was considered “loss.”
There were two types of ARID1A staining loss, total and focal loss. Both

types were regarded as loss because at least part of the tumor was pre-

sumed to have ARID1A mutation (Figure 1E-H). As a control, the pres-

ence of homogenous strong nuclear staining in background stromal

fibroblasts, inflammatory cells, vascular endothelial cells, and normal epi-

thelial cells was a prerequisite for assessing staining in the tumor.

PD-1 was considered positive in tumor cells when membranous

staining was evident in 1% or more of these cells; likewise, PD-L1 was

F IGURE 1 Immunohistochemical staining for MLH1, MSH2, AT-rich interaction domain 1A(ARID1A), and programmed death-ligand
1 (PD-L1). (A) Negative MLH1 staining in the nuclei of tumor cells. (B) Positive MSH2 staining in the nuclei of both tumor and stromal cells.
(C) Positive MLH1 staining in the nuclei of both cells. (D) Negative MSH2 staining in the nuclei of tumor cells. (E) Diffuse positive ARID1A staining
in the nuclei of both cells. (F) Focal negative ARID1A staining in the nuclei of tumor cells. There are two separate regions, ARID1A-negative on the
right and -positive on the left. (G) High-power magnification of (E), note that the nuclei of stromal cells in the ARID1A-negative area are positive
for ARID1A staining. (H) Diffuse negative ARID1A staining in the nuclei of tumor cells. (I) Positive membrane staining of PD-L1 on the cytoplasm of
tumor and stromal cells. (J) Positive membrane staining of PD-L1 on the cytoplasm of stromal cells. (K) Negative PD-L1 staining in both cells
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considered positive in stromal cells when membranous staining

was observed in 1% or more of these cells (Figure 1I-K). The 1% cutoff

values are based on a previous study by Takada et al.23

2.5 | Statistical analysis

We assessed statistical differences between groups using the Mann-

Whitney U-test, the chi-squared test, or Fisher's exact test. All calcula-

tions were performed using JMP software v13.0 (SAS Institute, Cary,

North Carolina). p-Values <0.05 were considered significant.

3 | RESULTS

3.1 | Clinicopathological characteristics and
mutational status of the NGS group with ARID1A
mutations

Clinicopathological features of the NGS group are summarized in

Table 1. There were 22 patients with ARID1A mutations (10%) similar

to previous reports.9,19 We did not find any meaningful differences in

age, sex, sidedness, tumor differentiation, lymphatic or venous inva-

sion status, or pathological stage between the ARID1A-mutated and

wild-type groups. Recently, the laterality of CRCs has been reported

to determine their mutational features24; therefore, we divided the

patients according to sidedness (Supplementary Tables 2 and 3). This

revealed that tumor histological grade was significantly correlated

with ARID1A mutation status in patients with right-sided CRC, while

this difference was not observed in left-sided CRC patients. The

mutational status of ARID1A and mutations that were observed more

frequently in ARID1A-mutant cases are listed in Supplementary

Tables 4 and 5. ARID1A mutations were scattered throughout the

ARID1A locus and there was no hotspot. Patients with ARID1A muta-

tions were likely to have ATM (25%) or BRAF V600E (24%) mutations,

which was similar to a previous report.25 All cases with both BRAF

V600E and ARID1A mutations were right-sided CRCs. The rare muta-

tions observed in ARID1A-mutant samples were thought to be due to

the high mutation frequency in these patients. The most noteworthy

findings from the sequencings results were the differences in TMB,

which are depicted in Figure 2A. Patients with ARID1A mutations had

a significantly greater number of mutations in the cancer-associated

F IGURE 2 The number of mutations in the (A) next generation sequencing (NGS) and (B) The Cancer Genome Atlas (TCGA) cohort, as well as
in the NGS cohort divided by (C) right- and (D) left-sided disease. The graphs display the means and standard deviations (SD), minimum score and
maximum score for each group. *Statistically significant difference between the ARID1A-mutant and wild-type groups (p < 0.05)
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TABLE 1 Clinicopathological features
of ARID1A-mutant and wild-type patients
in the NGS cohort

Clinicopathological features

ARID1A mutation

p-Value

Mutated Wild type

n = 20 (10%) n = 181 (90%)

Age <70 8 (40) 118 (65) 0.64

70≦ 12 (60) 63 (35)

Sex Male 12 (60) 105 (58) 0.75

Female 8 (40) 76 (42)

Sidedness Right 6 (30) 49 (89) 0.78

Left 14 (70) 132 (90)

Histological grade G1,G2 12 (60) 135 (75) 0.74

G3 8 (40) 46 (25)

ly + 12 (60) 110 (61) 0.37

� 8 (40) 71 (39)

v + 16 (80) 137 (90) 0.5

� 4 (20) 44 (24)

Stage I-IIIC 10 (50) 79 (44) 0.59

IVA,IVB 10 (50) 103 (56)

TABLE 2 Clinicopathological features
and immunohistochemistry (IHC) results
of microsatellite instability-high (MSI-H)
and microsatellite stable (MSS) cases in
the IHC cohort

Clinicopathological features and IHC Status

MSI status

p-Value

High Low/stable

n = 33 (%) n = 33 (%)

Age <70 14 (42) 20 (61) 0.14

70≦ 19 (58) 13 (39)

Sex Male 11 (33) 16 (48) 0.21

Female 22 (67) 17 (52)

Sidedness Right 25 (76) 5 (16) <0.001*

Left 8 (24) 27 (84)

Histological grade G1,G2 24 (73) 32 (97) 0.006*

G3 9 (27) 1 (3)

ly + 12 (36) 10 (30) 0.37

� 21 (64) 23 (70)

v + 6 (18) 13 (39) 0.06

� 27 (82) 20 (61)

Pathological stage I-IIC 26 (79) 23 (70) 0.40

IIIA-IVB 7 (21) 10 (30)

ARID1A IHC + 23 (70) 31 (94) 0.008*

� 10 (30) 2 (6)

PD-L1 in tumor + 8 (24) 0 (0) 0.002*

� 25 (76) 33 (100)

PD-L1 in stroma + 18 (55) 10 (30) 0.05*

� 15 (45) 23 (70)

MLH1 IHC + 6 (18) 33 (100) <0.001*

� 27 (82) 0 (0)

MSH2 IHC + 30 (91) 33 (100) 0.04*

� 3 (9) 0 (0)

*Statistically significant difference (p < 0.05).
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sequenced by CANCERPLEX. This trend was also confirmed with

TCGA database, which included 276 cases of whole exome sequenc-

ing (Figure 2B). In TCGA cohort, the mean number of mutations in

ARID1A-mutant CRCs was over 4-fold greater than the number in

ARID1A wild-type CRCs. This feature was also affected by sidedness,

as shown in Figure 2C,D. Only right-sided CRCs with ARID1A muta-

tions showed high mutational load compared with wild-type CRCs.

Left-sided CRCs with ARID1A mutations also showed a slight ten-

dency to have more mutations than wild-type CRCs, although the dif-

ference was not significant. In summary, NGS analysis showed that

right-sided CRCs with ARID1A mutations were likely to have a distinct

mutational signature (BRAF V600E and ATM mutations) and a higher

TMB, which was compatible with previous results from in vitro

studies.

3.2 | Clinicopathological characteristics and PD-L1
expression in the IHC group

Clinicopathological features and IHC results of the IHC group are

summarized in Table 2. We originally matched patients in the

MSI-H and MSS groups by sex and pathological stage; however,

several patients could not be included in this study due to lack of

specimens. Increased proportions of right-sidedness and higher his-

tological grade were observed in the MSI-H group compared with

the MSS group; these are previously known features of MSI-H

CRCs. There were also increased proportions of female patients and

older patients (which are other features of MSI-H CRCs), but these

were not significant.

IHC results showed that ARID1A loss was much more prevalent

among the MSI-H group (30%) than the MSS group (6%). Most of the

MSI-H cases were due to impaired MLH1 (82%) and fewer showed

MSH2 loss (9%) according to MMR protein IHC. The MSS group

showed no irregular staining of either MMR proteins. PD-L1 expres-

sion in both tumor (24%) and stromal (55%) cells was significantly

enhanced in the MSI-H group compared with the MSS group (0% and

30%, respectively). Detailed clinicopathological and IHC data of each

group are shown in Tables 3 and 4. Interestingly, ARID1A loss by IHC

was correlated with enhanced PD-L1 expression by stromal cells in

both the MSI-H (90% in ARID1A-deficient- and 10% in ARID1A-pre-

sent-patients) and MSS (100% and 26%, respectively) groups. No

other clinicopathological feature or IHC result shows an association

with ARID1A status. In conclusion, impaired ARID1A staining was pri-

marily observed in the MSI-H group, but increased PD-L1 expression

TABLE 3 Clinicopathological features
and IHC results of the MSI-H group of
the IHC cohort

Clinicopathologic features and IHC Status

ARID1A IHC

p-Value

Loss Present

n = 10 (30%) n = 23 (70%)

Age <70 3 (30) 11 (48) 0.34

70≦ 7 (70) 12 (52)

Sex Male 4 (40) 7 (30) 0.59

Female 6 (60) 16 (70)

Sidedness Right 9 (90) 16 (70) 0.78

Left 1 (10) 7 (30)

Histological grade G1,G2 8 (80) 16 (70) 0.74

G3 2 (20) 7 (30)

ly + 4 (40) 8 (35) 0.78

� 6 (60) 15 (65)

v + 2 (20) 4 (17) 0.86

� 8 (80) 19 (83)

Stage I-IIC 8 (80) 18 (78) 0.91

IIIA-IVB 2 (20) 5 (22)

PD-L1 in tumor + 3 (30) 5 (22) 0.61

� 7 (70) 18 (78)

PD-L1 in stroma + 9 (90) 9 (39) 0.007*

� 1 (10) 14 (61)

MLH1 IHC + 2 (20) 5 (22) 0.91

� 8 (80) 18 (78)

MSH2 IHC + 9 (90) 21 (91) 0.90

� 1 (10) 2 (9)

*Statistically significant difference (p < 0.05).
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by stromal cells was detected in ARID1A-deficient patients from both

the MSI-H and MSS groups.

4 | DISCUSSION

We used two different cohorts to explore the impacts of ARID1A

mutations on CRC and found that ARID1A-mutated CRCs tended to

have higher mutational loads and that ARID1A-deficient CRCs were

more likely to be accompanied by enhanced PD-L1 expression by

stromal cells. We used the CANCERPLEX panel, which can detect as

many as 415 cancer-related genes, to analyze the NGS group. This

revealed two primary conclusions. One was that CRCs with ARID1A

mutations were likely to co-occur with BRAF V600E and ATM muta-

tions, which are both clinically targetable with molecular therapies.25

The association between ARID1A mutations and the BRAF V600E

mutation has already been reported,8 but co-occurring ATM mutations

are a new feature of ARID1A-mutant CRCs. The BRAF V600E muta-

tion is well known for its role in melanoma, and BRAF inhibitors such

as dabrafenib have already been shown to be fairly effective in

advanced CRCs with the BRAF V600E mutation in clinical studies.25

ATM is also a well-known oncogene that regulates cell proliferation

and DNA double strand break repair.26

The second conclusion from this analysis was that ARID1A-

mutant CRCs had a greater number of mutations compared with

ARID1A-wild type CRCs, and this relationship was stronger in right-

sided CRCs. We examined the number of co-occurring mutations

rather than mutational burden due to the lack of mutational burden

data in our cohort. This is not a standard evaluation, and is one of the

limitations of our study. However, we confirmed the same trend in

TCGA cohort, and there are other reports in a large cohort study with

over 40 000 cases that ARID1A-mutated cancers including CRCs had

higher mutational burdens than cancers without ARID1A muta-

tions.12,14 These data also reinforced the finding of higher mutation

numbers in the ARID1A-mutant CRCs in our cohort. High TMB is a

good predictor for tumors that express high amounts of neoantigens,

which recruit inflammatory cells including CD8-positive T lympho-

cytes into the tumor microenvironment.3 These lymphocytes interact

with the tumor cells via secreting IFNγ, and the tumor cells express

PD-L1 in turn to deactivate the lymphocytes and escape immune

reactions.27 These findings were so critical to our study that we fur-

ther determined an IHC evaluation of ARID1A and PD-L1 expression

TABLE 4 Clinicopathological features
and IHC results of the MSS group of the
IHC cohort

Clinicopathologic features and IHC Status

ARID1A IHC

p-Value

Loss Present

n = 2 (6%) n = 31 (94%)

Age <70 1 (50) 19 (61) 0.75

70≦ 1 (50) 12 (39)

Sex Male 1 (50) 15 (48) 0.96

Female 1 (50) 16 (52)

Sidedness Right 0 (0) 5 (17) 0.53

Left 2 (100) 25 (83)

Histological grade G1,G2 2 (100) 30 (97) 0.79

G3 0 (0) 1 (3)

ly + 0 (0) 10 (32) 0.33

� 2 (100) 21 (68)

v + 1 (50) 12 (39) 0.75

� 1 (50) 19 (61)

Stage I-IIC 2 (100) 21 (68) 0.33

IIIA-IVB 0 (0) 10 (32)

PD-L1 in tumor + 0 (0) 0 (0) N/A

� 2 (100) 31 (100)

PD-L1 in stroma + 2 (100) 8 (26) 0.03*

� 0 (0) 23 (74)

MLH1 IHC + 2 (100) 31 (100) N/A

� 0 (0) 0 (0)

MSH2 IHC + 2 (100) 31 (100) N/A

� 0 (0) 0 (0)

*Statistically significant difference (p < 0.05).
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to confirm the hypothesis that impaired ARID1A function enhances

PD-L1 expression by increasing the number of genetic mutations.

We evaluated 66 cases in the IHC group, of which 33 were

MSI-H and 33 were matched MSS cases. MSI-H cases have been

reported to have tendency toward being diagnosed in women and at

earlier stages, so we matched these factors in the MSS group using

propensity scoring. Increased proportions of older age, right-sided-

ness, and high histological grade were seen, which have been repeti-

tively reported for MSI-H CRCs, ensuring the validity of our MSI-H

cohort. Loss of ARID1A staining was seen in 30% and 6% of MSI-H

and MSS cases, respectively. In both groups, loss of ARID1A staining

was significantly correlated with elevated PD-L1 expression in stro-

mal cells. Several studies have investigated the consequences of

PD-L1 expression by stromal cells in CRC. Liu et al. reported that

PD-L1 expression was mainly observed in the stromal cells at the

invasive front of MSI-H CRCs.28 Korehisa et al. concluded that PD-

L1-expressing stromal cells primarily consist of macrophages, espe-

cially tumor-associated macrophages.29 According to those reports,

the idea that immune cells, especially macrophages, at the invasive

front of CRCs are the ones that express PD-L1 and inactivate killer

T-cell function is feasible. In the CheckMate 142 clinical study,

increased PD-L1 expression by stromal cells was associated with a

higher objective response rate; however, this finding was not signifi-

cant.5 In our study, we found enhanced PD-L1 expression only in

stromal cells of CRCs with loss of ARID1A staining. Interestingly,

PD-L1 expression in stromal cells was also enhanced in the ARID1A-

impaired CRCs even with MSS status. Together, these findings sug-

gest a model wherein CRCs with ARID1A mutations have a higher

TMB, which leads to the recruitment of PD-L1-expressing immune

cells (especially macrophages) to the invasive front, enabling the

cancer cells to escape immune response. If PD-1 or PD-L1 blockade

can break this signaling, ICIs should show efficacy in ARID1A-

mutant CRCs.

This study had several limitations. First, we applied different

methods to two totally different cohorts. However, the association

between ARID1A mutation and loss of its IHC staining was discussed

in depth in a previous report,30 so there is evidence in the literature

that CRCs with loss of ARID1A staining generally have ARID1A muta-

tions, which supports the value of the IHC analysis in this study. The

second is selection bias of the IHC group. We applied the propensity

matching method to eliminate confounding factors (sex and pathologi-

cal stage). CRCs with ARID1A mutations tended to have a higher his-

tological grade and older age, which may interfere with the IHC

results. The small sample size of our study is another limitation. A veri-

fication study using a validation cohort with a larger sample size will

be necessary. A lack of standardized methods for PD-L1 staining in

CRCs is another limitation. We used the PD-L1 clone 28-8, which is a

universally accepted antibody.31 PD-L1 evaluation has been per-

formed previously in the previous literature, but the 1% cut-off value

might be controversial. Finally, there was no case in our cohorts who

used ICIs, as the ICIs were approved in 2019 for MSI-H colorectal

cancer in Japan. We investigated the outcome difference between

ARID1A mutated and wild-type patients in TCGA, NGS, or IHC

groups. However, we did not find any difference in prognosis

between ARID1A mutated and wild-type patients.

In conclusion, this is the first report to reveal the close relation-

ship between ARID1A and PD-L1 expression by IHC in CRCs. We also

confirmed co-occurring BRAF V600E and ATM mutations in ARID1A-

mutant CRCs. Furthermore, ARID1A mutations were correlated with a

higher mutation number, which may partly account for the enhanced

PD-L1 expression by stromal cells. Although this is a preliminary

study, we have provided good evidence to indicate that ARID1Amuta-

tions in CRCs could be used to indicate ICI treatment. Recently, an

association between ARID1A mutations and increased immune activ-

ity in gastrointestinal cancer was reported,13,14 reinforcing our find-

ings. Our finding that MSS CRCs with ARID1A loss also exhibited

higher PD-L1 expression by stromal cells may provide a new treat-

ment option for MSS CRC patients. Along with the previous in vivo

study that revealed the role of ARID1A mutations in the increased

mutational load and antitumor effects of ICIs,11 using clinically

obtained specimens, this study reinforced the idea that ARID1A muta-

tions can be biomarkers for using ICIs in CRC patients.
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