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<ABSTRACT>

Prognostic significance of ARID1A expression patterns varies with
molecular subtype in advanced gastric cancer

Jun Yong Kim

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Hyunki Kim)

Background/Aims: AT-rich interactive domain 1A (ARIDIA) is frequently mutated
in gastric cancer (GC), especially Epstein-Barr virus (EBV)-associated and
microsatellite instability-high (MSI-H) GC. The loss of ARIDIA expression has been
reported as a poor prognostic marker in GC. However, the relationships between
ARIDI1A alteration and EBV-associated and MSI-H GC, which are known to have a
favorable prognosis, has hampered proper evaluation of the prognostic significance of
ARIDIA expression in GC. We aimed to analyze the true prognostic significance of
ARID1A expression by correcting confounding variables.

Methods: We evaluated the ARIDIA expression in a large series (n=1,032) of
advanced GC (AGC) and analyzed the relationships between expression pattern and
variable parameters, including clinicopathologic factors, key molecular features such as
EBV-positivity, mismatch repair protein deficiency, and expression of p53 and several
receptor tyrosine kinases (HER2, EGFR, and MET). Survival analysis of the
molecular subtypes was done according to the ARID1A expression patterns.

Results: Loss of ARIDIA expression was found in 52.5% (53/101) of
MLH]1-deficient and 35.8% (24/67) of EBV-positive GCs, compared with only 9.6%



(82/864) of the MLHI-proficient and EBV-negative group (p < 0.001). The loss of
ARIDIA expression was associated only with MLHI1 deficiency and EBV positivity.
On survival analysis, the loss of ARIDIA expression was associated with worse
prognosis only in MLHI-proficient and EBV-negative GC. Multivariate analysis
revealed that both loss of ARIDIA and decreased ARIDIA expression were
independent worse prognostic factors in patients with AGC.

Conclusions: Only in MLH1-proficient and EBV-negative GC, the loss of ARIDIA

expression is related to poorer prognosis.

Key words : gastric cancer, ARIDIA, immunohistochemistry, prognosis
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Prognostic significance of ARID1A expression patterns varies with
molecular subtype in advanced gastric cancer

Jun Yong Kim

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Hyunki Kim)

I. INTRODUCTION

AT-rich interactive domain 1A (ARIDIA), a member of the ARID family, is a
subunit of SWItch/Sucrose Non-Fermentable (SWI/SNF) complex that remodels
histone-DNA interactions in reconstituted nucleosomes in an ATP-dependent manner.'
The SWI/SNF complex plays essential roles during lineage specification and in the
maintenance of stem cell pluripotency, and malfunctioning ARID1A could potentially
trigger persistent proliferative progenitor state.”® ARID1A-containing SWI/SNF
complex is responsible for cell cycle and ARID1A-depletion leads to defective cell
cycle checkpoint activation in response to DNA damage.” Also, regulation of
telomere reverse transcriptase (TERT) by ARIDIA through chromatin structure
repression was reported.® Recent studies revealed that the ARIDIA gene is frequently
mutated in a variety of cancers, such as ovarian clear cell carcinoma, endometrioid
adenocarcinoma, and gastric carcinomas.”'* The mutations of ARIDIA found in these
types of cancer are mostly insertion/deletion mutations that generate premature stop
codon and thus lead to truncation of the ARIDIA protein.”'* Previous studies
reported that the knockdown of ARIDIA in gastric cancer cell lines promotes cell

proliferation and the forced expression of ARIDIA inhibits colony formation and cell



growth.'>"® The loss of expression of ARIDIA evaluated by immunohistochemistry
(IHC) is correlated with the mutation status of ARIDIA,'"'* although epigenetic
silencing can also induce the loss of ARIDIA expression."” Intriguingly, in gastric
cancer (GC), mutation of ARIDIA and loss of expression are closely associated with
Epstein-Barr virus (EBV) positivity and high microsatellite instability (MSI-H)
type.!"21518 Several studied have examined the prognostic significance of alterations
of ARIDIA in GC.'""'*'“2 Among them, Wang et al. and Ibarrola-Villava et al.
reported a favorable outcome of patients with ARID1A-mutated GC.''* In contrast,
other studies reported that the loss of ARIDIA expression was associated with poor

11618233 or had no prognostic role in GC."* Therefore, the

survival outcome
prognostic  significance of ARIDIA alteration still remains controversial. The
conflicting reports of the significance of ARIDIA expression on the prognosis of GC
patients might result from possible confounding effects of EBV-associated and MSI-H
GCs and/or limitations of sample size.

GC is one of the leading causes of cancer death worldwide; even though its
incidence has been decreasing,” the prognosis of advanced gastric cancer (AGC) is
still dismal. Therefore, a more comprehensive investigation into the underlying
molecular mechanisms is mandatory to develop more effective treatment modalities
and to better predict the prognosis of patients. The Cancer Genome Atlas (TCGA)
project, based on comprehensive genomic, epigenomic, and transcriptomic analyses,
proposed four molecular subtypes of GC: (1) GC with Epstein-Barr virus (EBV)
positivity, which is characterized by genome-wide CpG island DNA methylation,
frequent PIK3CA mutation, and PD-L1 amplification; (2) GC with MSI-H, in which
mainly epigenetic silencing of mismatch-repair (MMR) genes, such as MLH1 causes
a hypermutator phenotype; (3) GC with chromosomal instability (CIN), which shows
marked aneuploidy, frequent amplification of several receptor tyrosine kinases (RTKs),

including HER2, EGFR, MET, and FGFR, and mutation of TP53; and (4) GC with



genomic stability (GS), which is enriched for the diffuse type and mutations or
translocation of RHO family genes.”® Recently, we reported the protein expression
profile of selected key molecules that might be expected to reflect these four
molecular subtypes in a large series of advanced GC (AGC).” In the present study,
we evaluated ARIDIA expression in a large series (n=1,032) of AGC to clarify its
prognostic significance. We then compared the results with those of our previous
study in which the key molecules were four MMR proteins (MLH1, MSH2, PMS2,
and MSH6) for MSI-H GC, Epstein-Barr virus encoded RNA (EBER) in situ
hybridization for EBV-associated GC, and several RTKs including HER2, EGFR, and
MET, and p53 for the CIN group. Finally, we evaluated the prognostic significance
of altered ARIDIA expression according to the molecular subtype of GC.

II. MATERIALS AND METHODS
1. Patient selection and data collection

A total of 1,032 patients with AGC who underwent curative radical gastrectomy
at Severance Hospital from 2000 to 2003 were consecutively enrolled in this study.
Patients who received neoadjuvant chemotherapy or who had undergone surgery for
recurrent cancer were excluded. Clinicopathologic information, including age, sex,
tumor size, location, and clinical follow-up data were collected from pathologic
reports and medical records. Tumor size was divided into two groups, >5 cm and
<5 cm, as the median tumor size of total cases was 5 cm. Pathologic parameters,
including the WHO classification, Lauren classification, lymphovascular invasion
(LVI), lymph node metastasis (LNM), and TNM stage according to the 7"
American Joint Committee on Cancer system, were obtained from pathologic reports
and slide review. This study was approved by the Institutional Review Board of

Severance Hospital, Seoul, Republic of Korea (4-2016-0419).



2. Tissue microarray construction

To construct the tissue microarray (TMA) block, two cores were extracted from a
representative tumor area of each case (3-mm diameter), as previously described.”®%
One core of adjacent nonneoplastic gastric mucosa was arrayed in each TMA block
as landmark and internal control. Four-micrometer sections from TMA blocks were

subjected to IHC and EBER in situ hybridization (ISH).

3. Immunohistochemistry

IHC was performed using the Ventana Discovery XT automated staining system
(Ventana Medical Systems, Inc., Tucson, AZ, USA) with anti-ARID1A antibody
(polyclonal, 1:200 dilution; Sigma-Aldrich, St. Louis, MO, USA), as previously
described.”™®" Details of antibodies for MLH1, PMS2, MSH2, MSH6, HER2, EGFR,
MET, and p53 were described previously.”’” Immunostained slides were evaluated by
two individual pathologists (J.Y. K and S. N), and the expression pattern of
ARIDIA were interpreted as preserved, decreased, or loss of expression. “Preserved”
staining was defined as a similar intensity of nuclear staining to that in
non-neoplastic cells. “Decreased” expression was defined as a markedly decreased
intensity of staining compared to that of stromal cells or normal epithelial cells.
“Loss” was defined as no staining in tumor cells, regardless of proportion or
intensity. In this study, to compare the ARIDIA expression patterns and other
molecular profiles of AGCs, we used the previously reported data from our prior
study.”” The adopted expression data were those of MLHI1, PMS2, MSH2, MSH6,
HER2, EGFR, MET and p53. In the data, the expression of EGFR, HER2, and
MET was scored according to Hofmann’s criteria, as 0, 1+, 2+, or 3+.°' Cases with
complete loss or strong and diffuse (more than 50% of tumor cells) nuclear p53
staining were classified as p53 mutant pattern, and cases with weak and patchy

(less than 50% of tumor cells) staining of p53 as wild-type pattern, as described



previously.”’ Cases with complete negativity for MLHI1/PMS2 or MSH2/MSH6 in

tumor cells were regarded as MMR deficient, and all others as MMR proficient.

4. Immunohistochemistry

IHC was performed using the Ventana Discovery XT automated staining system
(Ventana Medical Systems, Inc., Tucson, AZ, USA) with anti-ARID1A antibody
(polyclonal, 1:200 dilution; Sigma-Aldrich, St. Louis, MO, USA), as previously
described.”®*" Details of antibodies for MLH1, PMS2, MSH2, MSH6, HER2, EGEFR,
MET, and p53 were described previously.”” Immunostained slides were evaluated by
two individual pathologists (J.Y. K and S. N), and the expression pattern of
ARIDIA were interpreted as preserved, decreased, or loss of expression. “Preserved”
staining was defined as a similar intensity of nuclear staining to that in
non-neoplastic cells. “Decreased” expression was defined as a markedly decreased
intensity of staining compared to that of stromal cells or normal epithelial cells.
“Loss” was defined as no staining in tumor cells, regardless of proportion or
intensity. In this study, to compare the ARIDIA expression patterns and other
molecular profiles of AGCs, we used the previously reported data from our prior
study.”” The adopted expression data were those of MLHI1, PMS2, MSH2, MSH6,
HER2, EGFR, MET and p53. In the data, the expression of EGFR, HER2, and
MET was scored according to Hofmann’s criteria, as 0, 1+, 2+, or 3+.°' Cases with
complete loss or strong and diffuse (more than 50% of tumor cells) nuclear p53
staining were classified as p53 mutant pattern, and cases with weak and patchy
(less than 50% of tumor cells) staining of p53 as wild-type pattern, as described
previously.”’ Cases with complete negativity for MLH1/PMS2 or MSH2/MSH6 in

tumor cells were regarded as MMR deficient, and all others as MMR proficient.

5. Statistical analysis



Statistical calculation was performed with SPSS version 24.0 (IBM, Chicago, IL,
USA). Chi-square or Pearson Chi-square test was used to analyze the relationships
between ARID1A expression and variable clinicopathologic parameters. RFS was
calculated from the date of operation to the date of first recurrence or death
without any type of relapse. Overall survival was calculated from the date of
gastrectomy to the date of the last follow-up or death. Survival curves were
analyzed using the Kaplan-Meier product limit method with the log-rank test for
evaluation of significant differences. For multivariate survival analysis, variables
found to be significant on univariate analysis were used with the Cox proportional

hazard regression model. Significance statements refer to p value <0.05.

III. RESULTS
1. ARIDIA expression patterns and related clinicopathologic features in AGCs

In non-neoplastic mucosa, diffuse and homogenous nuclear expression of ARID1A
was observed in either epithelial cells or stromal cells, such as inflammatory cells
and fibroblasts (Fig. 1A). Of 1,032 AGCs, 429 cases (41.6%) showed preserved
nuclear expression of ARIDIA (Fig. 1B); however, the expression of ARIDIA was
decreased in 442 cases (42.8%) (Fig. 1C) and absent in 161 AGCs (15.6%) (Fig.
1D).



Figure 1. Representative photographs of immunohistochemical ARIDI1A expression patterns. A. Ubiquitous
nuclear expression in intestinal metaplastic gastric epithelial cells and stromal cells (lymphocytes,
endothelial cells, and fibrocytes). B. Gastric cancer showing an intensity of ARIDIA staining similar to
that of non-neoplastic cells, classified as “preserved.” C. Adenocarcinoma with significantly decreased
intensity of ARIDIA compared to that of stromal cells, classified as “decreased.” D. Case demonstrating

complete loss of nuclear ARIDIA staining (original magnification, x100 for A, x200 for B, C, and D)

Clinicopathologic and molecular features according to the expression patterns of
ARIDIA are summarized in Table 1. Decreased expression and loss of ARIDIA
were more frequently observed in tumors located in the proximal (upper and mid
third) stomach (p = 0.032 and p = 0.019, respectively). The loss of ARIDIA was
associated with larger tumor size (p = 0.003) and intestinal type of Lauren

classification (p <0.001). However, except for proximal location, no other parameters



were associated with decreased expression of ARIDIA (Table 1; p wvalue for
preserved vs. decreased). Consistent with previous reports,'®'®"** loss of expression
was frequently observed in MLHI-deficient GC (MLHI1-loss, 53/101=52.5% wvs.
MLHI1-intact, 108/931=11.6%, p < 0.001 for preserved vs. loss group) and
EBV-positive GCs (EBV-positive, 24/67=35.8% vs. EBV-negative, 137/965=14.2%, p
< 0.001 for preserved vs. loss group). However, decreased expression of ARIDIA
was not associated MLHI1 deficiency (MLH1-loss, 28/101=27.7% vs. MLHI-intact,
414/931=44.5%, p = 0.279 for preserved vs. decreased group) nor EBV positivity
(EBV-positive, 22/67=32.8% vs. EBV-negative, 420/965=43.5%, p = 0.955 for
preserved vs. decreased group). The loss of ARIDIA expression was related to
wild-type pattern of p53 (p = 0.002 for preserved vs. loss and p = 0.033 for

decreased vs. loss) and lower frequency of 2 or 3+ expression of HER2 and MET

among total cases.



Table 1. Clinicopathologic and molecular characteristics according to ARIDIA expression patterns in advanced

gastric cancer

ARID1A expression

p value p value p value
No. of Preserved Decreased Loss (Preserved (Preserved (Decreased
Category Variables cases % n=429 % n=442 % n=161 % p value vs. Decreased) vs. Loss) vs. Loss)
Sex Male 677 65.6 289 674 281 63.6 107  66.5 0.485
Female 355 344 140 32.6 161 364 54 335
Age (y) <60 549 532 232 54.1 245 554 72 447 0.059
>60 483 46.8 197 459 197 44.6 89 553
Location Lower third 574 55.6 259 604 235 532 80 49.7 0.026 0.032 0.019 0.449
Upper & mid 458 444 170 39.6 207 46.8 81 503
Size <5 cm 520 50.4 219 51.0 239 541 62 38.5 0.003 0.372 0.007 0.001
>5 cm 512 49.6 210 49.0 203 459 99 61.5
Histolog WD/MD 295 28.6 135 315 116 26.2 44 273 0.217
y
PD/others 737 71.4 294 68.5 326 73.8 117 727
Lauren  Intestinal 504 48.8 210 49.0 194 439 100 62.1 <0.001 0.134 0.004 <0.001
Diffuse 528 51.2 219 510 248  56.1 61 379
LVI Absent 735 71.2 297  69.2 316 715 122 758 0.290
Present 297 28.8 132 308 126 28.5 39 242
LNM Absent 289 28.0 122 284 123 278 44 273 0.959
Present 743 72.0 307 71.6 319 722 117 72.7
T stage T2 176 17.1 81 18.9 74 16.7 21 13.0 0.023 0.302 0.043 0.009
T3 369 35.8 152 354 143 324 74  46.0
T4 487 472 196 457 225 509 66 41.0
Overall 1I 176 104 81 114 74 10.2 21 8.1 0.718
stage I 314 304 133 31.0 129 29.2 52 323
v 611 59.2 247 457 268 509 96 41.0
MLH1 Loss 101 9.8 20 47 28 6.3 53 329 <0.001 0.279 <0.001 <0.001
Intact 931 90.2 409 953 414 937 108  67.1
MSH2 Loss 13 1.3 4 09 7 1.6 2 1.2 0.690



Intact 1019 98.7 425 99.1 435 984 159 98.8

MMR Deficient 114 11.0 24 5.6 35 7.9 55 342 <0.001 0.172 <0.001 <0.001
proteins
Proficient 918 89.0 405 944 407  92.1 106 65.8
EBV Positive 67 6.5 21 49 22 5.0 24 149 <0.001 0.955 <0.001 <0.001
Negative 965 93.5 408 95.1 420 95.0 137 85.1
MLH1 MLHI1-loss or 168 16.3 41 9.6 50 11.3 77 478 <0.001 0.397 <0.001 <0.001
& EBV EBV +
MLHI intact 864 83.7 388 90.4 392 88.7 84 522
& EBV -
MMRs  MMR-d or 181 17.5 45 105 57 129 79 49.1 <0.001 0.269 <0.001 <0.001
& EBV EBV +
MMR-p and 851 82.5 384 895 385 871 82 509
EBV -
p53 IHC Wild-type 624 62.0 243 577 268 625 113 72.0 0.007 0.157 0.002 0.033
pattern
Mutant 383 38.0 178 423 161 375 44 28.0
pattern
HER2 0 or 1+ 972 94.2 393 91.6 418  94.6 161 100.0 <0.001 0.084 <0.001 0.003
2 or 3+ 60 5.8 36 8.4 24 54 0 0.0
MET 0 or 1+ 916 90.5 381 909 399 921 136 85.0 0.029 0.523 0.039 0.009
2 or 3+ 9 9.5 38 9.1 34 79 24 15.0
EGFR 0 or 1+ 865 84.5 346 81.0 393 90.1 126 783 <0.001 <0.001 0.452 <0.001
2 or 3+ 159 15.5 81 19.0 43 9.9 35 217

LVI: lymphovascular invasion; LNM: lymph node metastasis; MMR: mismatch-repair protein, MMR-d: mismatch-repair protein deficient;

MMR-p: mismatch-repair protein proficient; IHC: immunohistochemistry
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2. ARIDIA expression patterns and related clinicopathologic features in
MLH1-proficient and EBV-negative AGCs

MLHI1-deficient GC is known for its unique clinicopathologic features, including
intestinal histology, distal tumor location, Crohn-like peritumoral lymphoid reaction,
and genome-wide CpG island hypermethylation.***> EBV-positive GC also shows
characteristic features, including proximal tumor location, frequent occurrence in
remnant stomach, and intratumoral intense lymphocytic infiltration, which contributes
to a unique histologic type termed carcinoma with lymphoid stroma.”® Since the loss
of ARIDIA expression has shown close relationships with MLH1 deficiency and
EBV positivity, we analyzed the relationships between ARIDIA patterns and
clinicopathologic and molecular features in a MLHI-proficient and EBV-negative
group to remove any possible confounding effects from those two subtypes (Table
2). In this group, 384 (45.1%), 385 (45.2%), and 82 (9.6%) cases showed
preserved, decreased, and loss of ARIDIA expression, respectively. An association
between the decrease or loss of ARIDIA and the proximal location was observed
(p = 0.01). However, larger tumor size and intestinal-type histology were not
associated with the altered pattern. Interestingly, in this analysis, the association
between the wild-type pattern of p53 and the loss of ARID1A expression, shown in
Table 1, was not observed in the MLHI-proficient and EBV-negative subgroup. The
associations between the RTK expression and ARIDIA loss were conserved, with

the exception of MET.
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Table 2.

Clinicopathologic

and molecular

characteristics

MLH1-proficient and EBV-negative advanced gastric cancer

according

to

ARIDIA

expression patterns

in

ARID1A expression

No. of Preserved Decreased Loss
Category Variables cases % n=388 % n=392 % n=84 % p value
Sex Male 561 64.9 260 67.0 244 62.2 57 67.9 0.317
Female 303 35.1 128 33.0 148 37.8 27 32.1
Age (y) <60 476 55.1 210 54.1 222 56.6 44 524 0.680
>60 388 44.9 178 459 170 43.4 40 47.6
Location Lower third 487 56.4 239 61.6 209 533 39 46.4 0.010
Upper &mid 377 43.6 149 38.4 183 46.7 45 53.6
Size <5 cm 456 52.8 204 52.6 221 56.4 31 36.9 0.005
>5 cm 408 47.2 184 474 171 43.6 53 63.1
Histology WD/MD 242 28.0 121 31.2 99 253 22 26.2 0.169
PD/others 622 72.0 267 68.8 293 74.7 62 73.8
Lauren Intestinal 379 43.9 180 46.4 160 40.8 39 46.4 0.258
Diffuse 485 56.1 208 53.6 232 59.2 45 53.6
LVI Absent 616 71.3 271 69.8 281 71.7 64 76.2 0.494
Present 248 28.7 117 30.2 111 28.3 20 238
LNM Absent 239 27.7 111 28.6 109 27.8 19 22.6 0.537
Present 625 72.3 277 71.4 283 72.2 65 77.4
T stage T2 149 17.2 74 19.1 68 17.3 7 8.3 0.104
T3 287 332 132 34.0 121 30.9 34 40.5
T4 428 49.5 182 46.9 203 51.8 43 51.2
Overall I 88 10.2 43 11.1 41 10.5 4 4.8 0.326
stage
I 259 30.0 123 317 112 28.6 24 28.6

12



p53 THC

HER2

MET

EGFR

v

Wild-type
pattern

Mutant
pattern

0 or 1+
2 or 3+
0 or 1+
2 or 3+
0 or 1+
2

or 3+

517
493

349

809
55
781
66
741
115

59.8
58.6

41.4

93.6
6.4
922
7.8
86.6
13.4

222
214

168

355
33
349
31
317
69

57.2
56.0

44.0

91.5
8.5
91.8
8.2
82.1
17.9

239
227

152

370
22
358
26
354
32

61.0
59.9

40.1

94.4
5.6

93.2
6.8

91.7
8.3

56
52

29

84

74

70
14

66.7
64.2

35.8

100.0
0.0
89.2
10.8
83.3
16.7

0.308

0.011

0.427

<0.001

LVI: lymphovascular invasion; LNM: lymph node metastasis; IHC: immunohistochemistry
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3. ARID1A expression patterns and clinicopathologic features in MLH1-deficient and
EBV-positive AGCs

In this study, MLHI1-deficient AGCs and EBV-positive AGCs were mutually
exclusive. In MLHI1-deficient AGCs (n=101), preserved, decreased, and loss of
ARIDIA was noted in 20 (19.9%), 28 (27.7%), and 53 (52.5%) cases, respectively
(p <0.001 compared to MLHI-proficient GCs, Table 1). No parameter was
associated with altered ARID1A expression (Supplementary Table 1). Among
EBV-positive AGCs (n=67), 21 (31.3%), 22 (32.8%), and 24 (35.8%) showed
preserved, decreased, and loss of ARIDIA expression, respectively. A low frequency
of LVI was the only factor associated with decrease or loss of ARIDIA expression
(p = 0.044) (Supplementary Table 2).

14



Supplementary Table 1. Clinicopathologic and molecular characteristics according to ARID1A expression pattern in

MLH]1-deficient advanced gastric cancer

ARID1A expression

Preserved Decreased Loss

Category Variables No. of Cases % n=2( % n=28 % n=53 %
Sex Male 58 57.4 12 60.0 17 60.7 29 54.7
Female 43 42.6 8 40.0 11 393 24 453

Age (y) <60 29 28.7 7 35.0 8 28.6 14 26.4
>60 72 71.3 13 65.0 20 71.4 39 73.6

Location Lower third 71 70.3 15 75.0 20 71.4 36 67.9
Upper and mid 30 29.7 5 25.0 8 28.6 17 32.1

Size <5 cm 34 33.7 7 35.0 8 28.6 19 35.8
>5 cm 67 66.3 13 65.0 20 71.4 34 64.2

Histology WD/MD 44 43.6 11 55.0 13 46.4 20 37.7
PD/others 57 56.4 9 45.0 15 53.6 33 62.3

Lauren Intestinal 84 83.2 18 90.0 21 75.0 45 84.9
Diffuse 17 16.8 2 10.0 7 25.0 8 15.1

LVI Absent 68 67.3 14 70.0 17 60.7 37 69.8
Present 33 32.7 6 30.0 11 39.3 16 30.2

LNM Absent 33 32.7 40.0 6 214 19 35.8
Present 68 67.3 12 60.0 22 78.6 34 64.2

T stage T2 18 17.8 5 25.0 3 10.7 10 18.9
T3 53 52.5 12 60.0 11 39.3 30 56.6

T4 30 29.7 3 15.0 14 50.0 13 24.5

Overall stage 1T 13 12.9 4 20.0 2 7.1 7 13.2
I1I 32 31.7 35.0 214 19 35.8

15

p value
0.845

0.770

0.830

0.797

0.389

0.347

0.680

0.310

0.074

0.322



EBV

p33 THC

HER2

MET

EGFR

v
Positive

Negative

Wild-type
pattern
Mutant pattern

0orl
2o0r3
0orl
2o0r3
0orl
2 3

or

56

101
81

19
97
4
79
22
58
43

55.4
0.0
100.0

81.0

19.0
96.0
4.0
78.2
21.8
57.4
42.6

9
0

45.0
0.0
100.0

80.0

20.0
90.0
10.0
85.0
15.0
45.0
55.0

20
0
28

22

26

21

17
11

71.4
0.0
100.0

78.6

21.4
92.9
7.1
75.0
25.0
60.7
393

27
0
53

43

53

41
12
32
21

50.9
0.0
100.0
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60.4
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NA

0.897

0.089

0.693

0.455

LVI: lymphovascular

invasion; LNM: lymph node metastasis
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Supplementary Table 2. Clinicopathologic and molecular characteristics according to ARIDIA expression pattern in

EBV-positive advanced gastric cancer

ARID1A expression

Preserved Decreased Loss

Category Variables No of Cases % n=21 % n=22 % n=24 % P value

Sex Male 58 86.6 17 81.0 20 90.9 21 87.5 0.624
Female 9 13.4 4 19.0 2 9.1 3 12.5

Age <60 44 65.7 15 71.4 15 68.2 14 58.3 0.624
>60 23 343 6 28.6 7 31.8 10 41.7

Location Lower third 16 23.9 5 23.8 6 27.3 5 20.8 0.877
Upper and mid 51 76.1 16 76.2 16 72.7 19 79.2

Size <5 cm 30 44.8 8 38.1 10 455 12 50.0 0.723
>5 cm 37 55.2 13 61.9 12 54.5 12 50.0

Histology WD/MD 9 13.4 3 14.3 4 18.2 2 8.3 0.614
PD/others 58 86.6 18 85.7 18 81.8 22 91.7

Lauren Intestinal 41 61.2 12 57.1 13 59.1 16 66.7 0.783
Diffuse 26 38.8 9 429 9 40.9 8 333

LVI Absent 51 76.1 12 57.1 18 81.8 21 87.5 0.044
Present 16 239 9 42.9 4 18.2 3 12.5

LNM Absent 17 254 3 14.3 8 36.4 6 25.0 0.251
Present 50 74.6 18 85.7 14 63.6 18 75.0

T stage T2 9 13.4 2 9.5 3 13.6 4 16.7 0.834
T3 29 433 8 38.1 11 50.0 10 41.7
T4 29 433 11 52.4 8 36.4 10 41.7

Overall stage II 6 9.0 2 9.5 2 9.1 2 8.3 0.163
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76.2
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31.6
95.2
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9
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0.0
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0.0

9
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21

24
0

37.5
54.2
100.0
0.0
75.0
25.0
100.0
0.0
87.5
12.5
100.0
0.0

NA

0.381

0.329

0.298

0.329

LVI: lymphovascular

invasion; LNM: lymph node metastasis
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4. Prognostic significance of decreased or loss of ARID1a expression in AGCs

Kaplan-Meier survival curves according to ARIDIA expression showed worse
prognosis of the patient group with decreased ARIDIA compared to patients with
preserved ARIDIA (Fig. 2A). However, the ARID1A-loss group exhibited a similar
prognosis to that of the ARIDIA-preserved group. Since GCs with ARIDIA loss
were enriched among MLHI-deficient and EBV-positive GCs (Table 1) and the
prognosis of GC patients with MLHI1-deficiency or EBV-positivity was more
favorable than that of patients with EBV-negative and MLHI-proficient AGC (Fig.
2B), we analyzed the prognostic effects of altered ARIDIA expression in
MLH]1-deficient, EBV-positive, and EBV-negative and MLHI-proficient groups,
respectively. There were no prognostic differences among the ARIDIA preserved,
decreased, and loss groups in either MLH1-deficient (Fig. 3A) or EBV-positive GCs
(Fig. 3B). However, in the patient group with MLHI-proficient and EBV-negative
AGC, the prognosis was significantly different according to the ARIDIA expression
patterns: patients with ARID1A-loss AGC showed the worst overall survival; and
the ARID1A-decreased group had second-worst prognosis (Fig. 2C) (p <0.001).
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Figure 2. Kaplan-Meier survival curves for overall survival of advanced gastric cancer (AGC) according
to three ARID1A expression patterns and molecular subtypes. A. Overall survival curves of total cases
according to ARID1A expression pattern show worse prognosis of ARID1A-decreased group compared
with ARID1A-preserved or ARID1A-loss group. B. Overall survival curves comparing EBV-positive
group, MLH1-loss group and MLH-proficient & EBV-negative group reveal favorable prognosis of AGC
with molecular subtype of EBV-positive and MLH1-loss group (p = 0.002). C. Within MLH]1-proficient
and EBV-negative AGCs, survival curves according to ARIDIA expression pattern demonstrate worse
prognosis of patients with ARIDIA decrease or loss AGCs (p < 0.001). D. Within either
MLH]1-deficient or EBV-positive AGCs, survival curves according to ARIDIA expression pattern show

no difference in prognosis observed in patients (p = 0.841).
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Figure 3. Kaplan-Meier survival curves for overall survival of MLHI-deficient and EBV-positive
advanced gastric cancer (AGC). A. Overall survival curves of MLHI-deficient AGCs according to three
ARID1A expression patterns. B. Overall survival curves of EBV-positive AGCs according to three
ARIDI1A expression patterns.

In multivariate survival analysis, Cox regression analyses for overall survival and
recurrence-free survival (RFS) were performed using variables that were significant
on univariate analysis, including age, tumor location, tumor size, histology, Lauren
classification, LVI, LNM, overall stage, MLH1 statue, EBV positivity, and ARIDIA
expression patterns, using a forward conditional method. For overall survival, MLH1
proficiency and EBV negativity were independent worse prognostic factors (HR, 1.4;
p < 0.001 and HR, 1.98; p < 0.001, respectively). Decrease or loss of ARIDIA
expression was also revealed as a negative prognostic factor of AGC (HR, 1.47 for
decreased and 1.48 for loss pattern, p < 0.001). In addition to MLHI1, EBV, and
ARIDIA expression, older age (HR, 1.58; p < 0.001), larger tumor size (> 5 cm)
(HR, 1.24; p = 0.008), diffuse type by Lauren (HR, 1.26; p = 0.009), presence of
LVI (HR, 1.54; p <0.001), and overall stage (HR, 1.69 for stage III and 43 for

stage IV, p < 0.001) were found to be prognostic factors of overall survival. For
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RFS, ARIDIA expression pattern (p = 0.041) was a prognostic factor, in addition
to MLHI proficiency (p < 0.001), EBV negativity (p = 0.002), and the features
that were shown to be prognostic factors of overall survival, except for older age

and proximal tumor location (Table 3).
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Table 3.

Univariate and multivariate survival analyses

Univariate-OS

Multivariate-OS

Univariate-RFS

Multivariate-RFS

HR 95% CI p HR 95% CI p HR 95% CI p HR 95% CI p

Sex Male 1 1

Female 1.08 0.92-1.27 0.342 1.18  0.98-1.42  0.083
Age (y) <60 1 1 1

>60 141 1.20-1.65 <0.001 1.58 1.34-1.88 <0.001 096 0.80-1.15  0.657
Location Lower third 1 1 1

Upper & mid 136 1.16-1.60 <0.001 1.25 1.06-1.48 0.008 1.27  1.05-1.53 0.013
Size <5 cm 1 1 1 1

>5 cm 1.75 1.49-2.07 <0.001 1.24 1.04-1.48 0.018 .82 1.51-2.20 <0.001 132 1.09-1.61  0.005
Histology WD/MD 1 1

PD/others 1.36 1.14-1.63 0.001 1.60  1.29-1.99 <0.001
Lauren Intestinal 1 1 1 1

Diffuse 1.38 1.17-1.61 <0.001 1.26 1.06-1.49 0.009 1.68  1.40-2.03 <0.001 1.31  1.08-1.60  0.007
LVI Absent 1 1 1 1

Present 221 1.87-2.60 <0.001 1.54 1.29-1.84 <0.001 231 1.92-2.79 <0.001 1.49  1.22-1.82 <0.001
LNM Absent 1 1

Present 324 2.62-4.00 <0.001 413  3.15-541 <0.001
T stage T2 1 1 <0.001

T3 244 1.82-3.28 <0.001 341 2.27-5.13 <0.001

T4 496 3.75-6.56 <0.001 7.96 5.40-11.74 <0.001
Overall II 1 1 <0.001 1 <0.001 1 <0.001
stage I 1.96 1.32-2.92 0.001 1.69 1.08-2.65 0.023 3.01  1.64-5.51 <0.001 234 121455 0.012

1\Y% 6.03 4.16-8.73  <0.001 438 2.83-6.76 <0.001 11.97 6.73-21.29 <0.001 7.78 4.10-14.76 <0.001

23



MLH1 Loss 1 1 1 1

Intact 1.47 1.08-2.00 0.014 1.85 1.31-2.61 <0.001 1.94 1.31-2.89 0.001 1.99 1.29-3.07 0.002
MSH2 Loss 1 1
Intact 0.57 0.31-1.07 0.080 0.59 0.28-1.25 0.166
MMR Deficient 1 1
proteins
Proficient 1.30  0.98-1.72 0.066 1.65 1.16-2.36  0.005
EBV Positive 1 1 1 1
Negative 1.98 1.31-2.97 0.001 236 1.54-3.62 <0.001 1.98  1.23-3.17  0.005 2,12 1.31-3.44  0.002
MLH1 & MLHI-loss or 1 1
EBV EBV +
MLHI-intact 1.73 1.34-2.22 <0.001 2.07 1.51-2.82 <0.001
and EBV +
MMR-d MMR-d or 1 1
& EBV EBV +
MMR-p and 1.57 1.24-2.00 <0.001 1.86  1.39-2.49 <0.001
EBV-
ARIDIA Preserved 1 0.003 1 <0.001 1 0.041 1 0.041
Decreased 1.36  1.14-1.62 0.001 147 1.23-1.76 <0.001 1.22  1.00-1.49 0.054 1.29 1.06-1.58 0.013
Loss 1.12 0.87-1.44 0.388 1.48 1.12-1.95 0.005 0.88  0.65-1.19  0.403 1.25 0.90-1.73  0.189
p53 Wild-type 1 1
pattern
Mutant 1.09 0.92-1.29 0.306 1.09  0.90-1.33  0.355
pattern

LVI: lymphovascular invasion; LNM: lymph node metastasis; MMR: mismatch-repair protein, MMR-d: mismatch-repair protein deficient;
MMR-p: mismatch-repair protein proficient
* HER2, EGFR, and MET: p > 0.05 on univariate analysis
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IV. DISCUSSION

The loss of ARID1A expression correlates well with mutation status, although
mutation does not account for all cases of loss of expression. Mutation or loss of
ARID1A in gastric cancer are closely related to MSI-H type and EBV
positivity.'"'"833 In  this study, 52.5% (53/101) of MLHI-deficient and 35.8%
(24/67) of EBV-positive GCs exhibited loss of ARIDIA expression, compared with
only 9.6% (82/851) of the MLHI-proficient and EBV-negative group (p <0.001)
(Table 1). Therefore, we confirmed the strong associations between loss of ARIDI1A
expression and MLHI1 deficiency and EBV positivity using the largest sample set to
date. Interestingly, in contrast to GCs with ARIDIA loss, cases with decreased
ARIDIA were not associated with MLHI-deficiency or EBV-positivity. With the
exception of one study by Kim et al, previous studies that evaluated ARIDI1A
expression in GC categorized the expression as only positive or negative and did not
evaluate the association between a decreased pattern of ARIDIA expression and
EBV-positive or MMR-deficient GC.'"'*'"*3* Kim et al. classified the patterns of
ARIDIA expression as retained, reduced, complete loss, and partial loss."® In their
study, reduced ARIDIA expression was found in 17.7% of GCs and was not
associated with EBV positivity, but was frequently found in the MLHI-deficient
group.'® This discrepancy with our results, which revealed no association between the
decreased pattern and MLH1 deficiency, might result from the different incidence of
MLH]1-deficient GC (18.9% vs. 9.8% in our study) and of ARIDIA decreased cases
(17.7% vs. 40.9% in our study).

The expression of MSH2, another key MMR protein, was not associated with
ARIDI1A loss or decreased expression, although only limited cases were included in
this category. MSH2 deficiency indicates a possible germline mutation of the MSH2
gene (so-called Lynch syndrome), whereas the vast majority of cases with MLHI

deficiency result from epigenetic silencing of MLHI1 in the context of a CpG island
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35-38 6

methylator phenotype that shows genome-wide hypermethylation.” Genome-wide
hypermethylation is also a well-known characteristic of EBV-positive GC.***
Considering this shared epigenetic characteristic between EBV-positive and
MLH1-deficient GC and the lack of a relationship between ARIDI1A alteration and
MSH2-deficiency, it might be postulated that the frequent loss of ARIDIA expression
in MSI-H GC is associated with hypermethylation rather than instability of
microsatellites or a mutator phenotype.

A negative association between mutations in TP53 and ARIDIA has been reported
in GC and endometrial cancer.'' In addition, a relationship between wild-type p53
staining pattern (weak and patch nuclear staining) and loss of ARIDIA expression in
GC and endometrial cancers was demonstrated.'”*” We also found an association
between wild-type pattern of p53 expression and loss of ARIDIA (p = 0.007) (Table
1). However, in subgroup analysis, this relationship was lost in the MLHI-proficient
and EBV-negative group (Table 2), and was also not observed in MLHI-deficient
GCs (Supplementary Table 1) or EBV-positive GCs (Supplementary Table 2). It is
well known that EBV-positive and MLH1-deficient GCs are associated with wild-type
TP53.2% We also found a high frequency of wild-type pattern of p53 staining in
MLH]1-deficient (81%, 81/100) and EBV-positive GCs (76.9%, 50/65), compared to
58.6% (493/864) of the MLHI-proficient and EBV-negative group. Therefore, it can
be assumed that the previously reported association between the wild-type pattern of
p53 staining and the loss of ARIDIA may reflect the strong relationship between
loss of ARIDIA and EBV-positive and MLHI-deficient GC. To rule out the possible
confounding effects of EBV positivity and MLH1 deficiency on this association, we
performed a binary logistic regression analysis using the loss of ARID1 expression as
a dependent variable and other parameters that showed a correlation with the loss of

ARID1A in Table 1, including EBV positivity, MLH1 deficiency, tumor size, T

stage, p53 staining pattern, and HER2 and MET expression, as independent variables.
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The logistic regression analysis revealed that only EBV positivity (p < 0.001, odds
ratio = 5.119) and MLHI1 deficiency (p < 0.001, odds ratio = 8.376) were correlated
with the loss of ARID1A (Table 4).

Table 4. Logistic regression analysis of clinicopathologic and molecular features
associated with loss of ARIDIA expression

Features Odds ratio 95% CI p value
Location (upper and mid) 1.35 0.90-2.01 0.143
Size (>5 cm) 1.23 0.82-1.86 0.315
Lauren type (intestinal) 1.38 0.92-2.07 0.125
T stage 0.242
T3 1.07 0.58-2.00 0.820
T4 0.73 0.48-1.11 0.140
MLHI (deficient) 8.12 4.82-13.66 <0.001
EBV (positive) 4.13 2.28-7.48 <0.001
p53 (wild-type pattern) 1.17 0.77-1.77 0.459
HER2 (2 or 3+) NA NA 0.997
MET (2 or 3+) 1.54 0.82-2.89 0.175
EGFR (2 or 3+) 1.08 0.62-1.89 0.781

Previous studies have shown that the loss of ARIDIA expression is correlated with
worse prognosis in patients with GC''®'® or only in patients with EBV-negative
and MLH]1-preserved GC.'® However, in some studies, the relationship between loss
of ARIDIA expression and prognosis was not conclusive.'"'’?** In our study, the
loss of ARIDIA showed different prognostic effects in GC patients according to the
molecular subtype. In total cases, the prognosis of patients with ARID1A loss was
not significantly different from that of patients with preserved ARIDIA expression
(Fig. 2A). However, in EBV-negative and MLHI1-proficient GC patients, the loss of
ARIDIA expression was associated with the worst prognosis (Fig. 2C). The favorable
prognosis of EBV-positive and MLH]1-deficient GC patients (Fig. 2B) and the strong
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correlation between loss of ARIDIA and EBV-positive and MLHI-deficient GCs
(Table 1) may account for the different prognostic effects of loss of ARIDIA among
the molecular subtypes. This finding was in good agreement with a previous study
by Abe et al'®; however, in their study, only eight cases of EBV-positive and 36
cases of MLHI1-negative GC were enrolled in the survival analysislé; therefore, there
was a limitation in evaluating the prognostic effect of ARIDIA loss in patients with
EBV-positive and MLHI1-deficient GC. In this study, we confirmed that loss of
ARIDIA expression was an independent negative prognostic factor in the
MLHI1-proficient and EBV-negative AGC (Fig. 2C and Table 3), but not in
EBV-positive or MLH1-deficient AGC (Fig. 2D and Fig. 3).

It has been reported that IHC for ARIDIA can be used as surrogate marker
for ARIDIA mutation status.'"'*'® However, ARIDIA alterations can occur in other
ways as well as mutation. It has been reported that ARIDIA in cancer can be
regulated by way of promotor methylation or post-transcriptional modification."*' In
addition, there is also a report that ARIDIA can be regulated by EBV-encoded
miRNA in EBV-positive GCs.* Due to the large number of the sample of this
study, there are limitations in analyzing mutation and epigenetic profiles for every
tumors; however, we expect that decreased ARIDIA expression is associated with
non-mutational alteration of ARIDIA and results of this study support the
supposition. In this study, patients with decreased expression of ARIDIA accounted
for 42.8% of total cases and 44.6% of the EBV-negative and MLH]1-proficient group.
The incidence of ARIDIA mutation in MLH1-proficient and EBV-negative GC has
been reported to be 8-10%.'"'? However, the proportion of patients with altered
expression of ARIDIA in this study was 54.8% (45.2% for ARIDIA decrease and
9.6% for loss) of total cases, which implied that there might be another mechanism
suppressing the expression of ARIDIA other than the genetic mutation. In ovarian

clear cell carcinoma (OCC), biallelic mutations were found in only 30% of cases
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with ARID1A mutation, whereas 73% of ARID1A-heterozygous cases showed loss of
protein expression by IHC.' In breast cancer, promoter hypermethylation of ARIDIA
was reported to be strongly correlated with a low level of mRNA expression."
Further investigation into the suppression mechanism of ARIDIA might help
elucidate the underlying mechanism regulating ARIDIA expression in GC. In
addition, patients with decreased ARIDIA showed worse prognosis among total cases
and in the EBV-negative and MLHI-proficient group (Fig. 2). On multivariate
analysis, we found that decreased ARIDIA was an independent poor prognostic
factor in AGC patients, in addition to the loss of ARIDIA (Table 3). Therefore,
understanding the mechanisms involved in reduced expression of ARIDIA is
important not only biologically, but also clinically.

Recently, Kim ef al. reported that synthetic lethality of EZH2, a histone methyl
transferase subunit of polycomb repressor complex, is related to ARIDIA mutation.*
Tumor cell lines with ARID1A mutation undergo cell death and are inhibited in their
ability of tumor formation in vivo when treated with the EZH2 inhibitor, GSK126.°
Therefore, GC with altered ARIDI expression might be a potential candidate for

EZH2-targeted treatment in the future.

V. CONCLUSION

In conclusion, the loss of ARIDIA expression was associated with larger tumor
size, intestinal histology, MLH1 deficiency, EBV positivity, wild-type pattern of p53
staining, and negative or 1+ HER2 and MET expression. However, on logistic
regression analysis, only MLHI-deficiency and EBV positivity showed a correlation
with the loss of ARIDIA. In MLHI-proficient and EBV-negative GC, wild-type
pattern of p53 staining was not associated with ARID1A loss. In addition to the loss
of ARIDIA expression, decreased ARIDIA was also revealed as an independent

negative prognostic factor in AGC patients. Interestingly, no prognostic significance
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of altered ARIDIA expression was found in MLHI-deficient or EBV-positive GC.
Regarding the emerging concept of synthetic lethality associated with ARIDI1A
mutation, GC with reduced or loss of ARIDIA expression might be a good

candidate for new targeted treatments.
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