:\' frontiers
in Oncology

ORIGINAL RESEARCH
published: 07 February 2022
doi: 10.3389/fonc.2022.787897

OPEN ACCESS

Edited by:
Yunfei Xu,
Shandong University, China

Reviewed by:

Takeo Toshima,

Kyushu University, Japan

Xiangsong Wu,

Shanghai Jiao Tong University School
of Medicine, China

*Correspondence:

Yueqi Wang
yuegiwang@fudan.edu.cn
Xiaobo Bo
boxiaobo2016@hotmail.com
Houbao Liu
houbaoliu@aliyun.com

TThese authors have contributed
equally to this work

Specialty section:

This article was submitted to
Cancer Molecular Targets
and Therapeutics,

a section of the journal
Frontiers in Oncology

Received: 26 October 2021
Accepted: 05 January 2022
Published: 07 February 2022

Citation:

Nan L, Wang C, Wang J, Zhang S,
Bo X, Wang Y and Liu H (2022)
ARID1A Downregulation Predicts
High PD-L1 Expression and

Worse Clinical Outcome in Patients
With Gallbladder Cancer.

Front. Oncol. 12:787897.

doi: 10.3389/fonc.2022.787897

Check for
updates

ARID1A Downregulation Predicts
High PD-L1 Expression and Worse
Clinical Outcome in Patients With
Gallbladder Cancer

Lingxi Nan"?%, Changcheng Wang "%, Jie Wang*, Shulong Zhang?>°, Xiaobo Bo %%,
Yueqi Wang ®* and Houbao Liu 3"

" Department of General Surgery, Zhongshan Hospital, Fudan University, Shanghai, China, 2 Biliary Tract Diseases Institute,
Fudan University, Shanghai, China, 3 Shanghai Engineering Research Center of Biliary Tract Minimal Invasive Surgery and
Materials, Shanghai, China, 4 Department of Thoracic Surgery, Fudan University Shanghai Cancer Center, Shanghai, China,
5 Department of General Surgery, Xuhui District Central Hospital, Shanghai, China, 6 Cancer Center, Zhongshan Hospital,
Fudan University, Shanghai, China

Background: Recent studies have confirmed that AT-rich interactive domain-containing
protein 1A (ARID1A) plays a critical role in tumorigenesis, but its role in galloladder cancer
(GBC) remains unclear.

Methods: In total, 224 patients from Zhongshan Hospital were recruited for this
retrospective study. The clinicopathological and baseline characteristics of the patients
were collected. Bioinformatics analysis was performed to reveal variations in genes and
signaling pathways, and ARID1A and PD-L1 expression and the number of PD1+ tumor-
infiltrating lymphocytes (TILs) were measured by immunohistochemical staining.

Results: ARID1A expression was negatively correlated with overall survival in patients
with GBC, and multivariate analysis identified ARID1A as an independent prognostic
factor for overall survival. A heatmap and gene set enrichment analysis suggested that
cytotoxic T lymphocyte signatures and immune-related signaling pathways were
downregulated in ARID1A low tumors. Subsequent immunohistochemical staining
confirmed that ARID1A expression was negatively correlated with PD-L1 expression
and PD1+ TILs in the tumor microenvironment. The Kaplan—-Meier analysis suggested that
high ARID1A expression combined with low PD-L1 expression or low PD1+ TIL counts is
associated with the best prognosis in patients with GBC.

Conclusion: ARID1A inactivation can lead to a worse prognosis in patients with GBC,
potentially by mediating immune evasion through the PD1/PD-L1 pathway.
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INTRODUCTION

Gallbladder cancer (GBC) is a rare malignant tumor of the
digestive tract and the most common malignancy of the biliary
tract system. Most patients with GBC already have advanced
disease at diagnosis, and the 5-year survival rate is less than 5%
(1). At present, the prognosis of patients with GBC is mainly
predicted according to the clinical and pathological stages, such
as TNM and the American Joint Committee on Cancer (AJCC)
stage (2). However, the lack of tumor markers represents a
significant deficiency of these staging systems. There is thus an
urgent need to identify novel biomarkers to facilitate the
prediction of prognosis in GBC.

The switch/sucrose non-fermentable (SWI/SNF) chromatin
remodeling protein complex, which consists of 12-15 subunits, is
assembled from the products of 29 genes (3). The SWI/SNF
complex can alter the structure of chromatin and regulate gene
expression by utilizing energy generated by ATP hydrolysis (4).
The results of gene sequencing illustrated that mutations in the
SWI/SNF complex accounted for approximately 20% of
mutations in cancers, making it the most frequently mutated
tumor suppressor in cancer (5). ARID1A is the core subunit of
the SWI/SNF complex, and it can interact with DNA in a
sequence-non-specific manner. ARID1A is also the most
frequently mutated subunit of the SWI/SNF complex (6, 7). In
the last decade, the role of ARID1A in tumors has been widely
investigated, and ARID1A mutations were commonly observed
in multiple cancers (5, 8). These mutations, which are primarily
non-sense or frameshift mutations, can lead to the deficiency of
ARID1A and further tumorigenesis (9). Recent genomic studies
illustrated that ARID1A is mutated in biliary malignancies at a
rate of up to 18% (10-13). Many researchers demonstrated that
ARIDIA inactivation is correlated with worse prognosis in
patients with biliary cancer (11, 14, 15).

Recently, the tumor microenvironment (TME) has emerged
as a promising target for cancer treatment, and the PD1/PD-L1
pathway plays an important role in immune evasion in TME.
Some recent studies revealed the correlation between ARID1A
and the PD1/PD-L1 pathway. In particular, PD-L1 expression
was significantly increased in ARID1A-mutated cancers (16, 17),
which could lead to impaired tumor immunity, and this might
represent a potential mechanism by which ARID1A-deficient
tumors escape immune surveillance.

To date, few studies have examined ARID1A mutation in
patients with GBC, and its effect on the PD1/PD-L1 pathway and
the prognosis of patients with GBC remains unclear. In this
study, patients with GBC with low ARIDIA expression had a
poor prognosis, and further bioinformatics analysis illustrated
that certain immune-related pathways were suppressed in
ARID1A-low tumors. Immunohistochemistry (IHC) revealed
that ARID1A expression was negatively correlated with PD-L1
expression and PD1+ T-cell infiltration in GBC. We propose that
ARID1A inactivation could lead to a worse prognosis in patients
with GBC, possibly because of impaired immune surveillance in
the TME.

MATERIALS AND METHODS
Patient Cohort

This retrospective study enrolled 244 consecutive patients with
GBC who underwent surgical resection between January 2008 and
December 2013 at Zhongshan Hospital, Fudan University. The
diagnosis of GBC was based on preoperative imaging results,
intraoperative exploration, and postoperative pathological reports.
Written informed consent was obtained from all patients, and the
study was approved by the ethics committee of Fudan University.
The inclusion criteria were as follows: 1) age > 18 years;
2) confirmation of GBC; 3) complete clinical and baseline data
available; and 4) receipt of radical surgery for GBC. The exclusion
criteria were as follows: 1) presence of other tumors or chronic
diseases; 2) incomplete clinical or follow-up data; and 3) failure of
immunohistochemical staining. Among the enrolled patients, four
were excluded because of failed immunostaining, and 16 patients
were excluded because of incomplete follow-up data. Finally, 224
patients with GBC were included in this cohort.

Data Extraction

The clinicopathological and baseline characteristics of the
patients, including age, gender, tumor differentiation, residual
tumor, vascular invasion, and TNM stage, were collected
retrospectively. The clinical staging of GBC was performed
according to the eighth edition of the AJCC staging manual.
Follow-up data were collected at an interval of 3 months, and
overall survival (OS) was calculated from the date of surgery to
that of death or the last visit.

Tissue Microarray and
Immunohistochemistry

Tissue microarray (TMA) was established in this study using
formalin-fixed, paraffin-embedded surgical specimens, and the
specimens were stained immunohistochemically using appropriate
antibodies (anti-ARID1A [1:600, ab182560, Abcam, USA]; anti-PD-
L1 [1:200, SP142, Roche, Switzerland]; anti-PD1 [1:100, ab52587,
Abcam]; anti-CD8 [1:400, ab4055, Abcam]). The ARID1A staining
score was calculated as the percentage of positive tumor cells (0%-
100%) multiplied by the staining intensity score (0 = negative, 1 =
weak, 2 = moderate, and 3 = strong). The calculation of the PD-L1
staining score followed the criteria of the IMpower110 study (18),
with some changes (TC% = 0, IHCO; 0 < TC% < 1%, IHC1; 1% < TC
% < 50%, IHC2; TC% > 50%, IHC3). Images were acquired using a
Nikon Eclipse Ti-S microscope, whereas the numbers of PD1+
tumor-infiltrating lymphocytes (TILs) per field, and CD8+ cells per
field were calculated using Image-Pro Plus 6.0 software. The cutoff
delineating the high and low expression subgroups was determined
by the minimum p-value method using X-title software. Identical
settings were applied in each photograph.

Gene Set Enrichment Analysis

Despite the lack of data on GBC in The Cancer Genome Atlas
(TCGA), cholangiocarcinoma data were collected for differential
expression analysis because the gallbladder shares the same
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embryonic origin as bile ducts. This is a routine workaround in
the bioinformatics analysis of GBC. In total, 36 cases of
cholangiocarcinoma from TCGA were analyzed, and mRNA
expression data were downloaded from cBioPortal in the
RSEM format. Gene Set Enrichment Analysis (GSEA) was
performed to analyze the divergences of biological pathways
between high and low ARIDI1A expression, and the differential
gene expression between the high and low expression groups was
explored using the edgeR package. The cutoff of ARID1A
expression was determined as the median.

Statistical Analyses

Statistical analysis was performed using SPSS (version 25.0), Medcalc
Software (version 19.0.4), Stata (version 16.0), and GraphPad Prism
8 (version 8.0.2). Patients’ baseline and clinicopathological
characteristics were compared using Pearson’s chi-square test,
Fisher’s exact test, and the t-test. OS curves were plotted using the
Kaplan-Meier method, and the differences between subgroups were
analyzed using the log-rank test. Independent prognostic variables
were identified by Cox univariate and multivariate regression
analyses. All statistical analyses were two-sided, and statistical
significance was indicated by p < 0.05.

RESULTS

Correlation Between ARID1A Expression
and the Prognosis of Patients With
Gallbladder Cancer

Immunohistochemical staining was performed using 224 GBC
TMAs, and the typical images of high and low ARIDIA
expression are presented in Figure 1A. Based on the cutoff, 98
patients were included in the high ARID1A expression subgroup,
and 126 patients were separated into the low ARID1A expression
subgroup. The correlations between clinicopathological
characteristics and ARID1A expression are presented in
Table 1. Remarkably, lower ARID1A expression in GBC
tissues was positively correlated with the TNM stage (p =
0.007, Figure 1B), whereas multivariate Cox regression
analysis identified ARID1A expression as an independent
prognostic factor (p < 0.001, Figure 1C). The Kaplan-Meier
analysis suggested that patients with high ARID1A expression
had longer OS than those with low ARIDIA expression (p =
0.002, Figure 1D). We conclude that ARID1A expression is
significantly correlated with patient prognosis in GBC, whereas
high ARIDIA expression predicts a better prognosis.

Meier survival analysis of overall survival in all patients. **P < 0.01.
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FIGURE 1 | Evaluation of AT-rich interactive domain 1A (ARID1A) expression by immunohistochemical staining in patients with galloladder cancer (GBC). (A)
Representative immunohistochemical images of tumor tissues with high or low ARID1A expression. (B) Proportions of different TNM stages in patients with high or
low ARID1A expression. (C) Multivariate Cox regression analysis identified ARID1A expression as an independent prognostic factor for overall survival. (D) Kaplan—
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TABLE 1 | Correlations between ARID1A expression and patient characteristics.

Characteristic Patients (n = 224)

Number %

Age at surgery, years®
Mean + SD 63.55 + 11.39
Gender

Female 161 71.9

Male 63 28.1
Tumor location

Perihilar 26 1.6

Distal 29 12.9

Gallbladder 169 75.5
pT stage

T2 139 62.1

T3 67 29.9

T4 18 8
pN stage

NO 181 80.8

N1,2 43 19.2
M stage

MO 209 93.3

M1 15 6.7
TNM stage

| 27 121

1 100 44.6

1l 63 28.1

\% 34 15.2
Tumor differentiation

Well, moderate 101 451

Poor 128 54.9
Residual tumor

RO 201 89.3

R1 23 10.7
Vascular invasion

Absent 166 73.4

Present 58 26.6

ARID1A expression p?
Low (n = 126) High (n = 98)
0.022
62.02 + 11.28 65.52 + 11.29

0.465
93 68
33 30

0.938
14 12
17 12
95 74

0.791
76 63
40 27
10 8

0.129
97 84
29 14

0.167
115 94
11 4

0.621
13 14
54 46
38 25
21 13

0.554
59 42
67 56

0.677
114 87
12 11

0.420
96 70
30 28

ARID1A, AT-rich interactive domain 1A.

%p < 0.05 is considered statistically significant.

PThe results of continuous variables are presented as the mean + SD.
Bold values represent significant p-values (P <0.05).

ARID1A Downregulation Correlated With
T-Cell Inactivation in The Cancer Genome
Atlas Dataset

To investigate the potential mechanism of ARID1A in GBC, we
investigated gene profiles using TCGA cholangiocarcinoma
cohort. As illustrated in Figure 2A, ARID1A expression was
positively correlated with activated CD8+ T-cell signatures. To
further explore the role of ARIDIA, differential gene expression
analyses were performed. As depicted in Figure 2B, genes
involved in T-cell activation (e.g., GZMM, CD8A, TIGIT, and
IENG) and T-cell recruitment (e.g., CXCR3) were significantly
downregulated in the low ARID1A expression group. We then
performed GSEA to determine potential immune lineage
changes related to ARID1A expression. Of note, multiple T-
cell activation-related processes and signaling pathways were
downregulated in tumors with low ARID1A expression,
including allograft rejection, inflammatory response, TNF-q,
and interferon-gamma (IFN-vy) signaling pathways
(Figure 2C). These results suggest that ARIDIA

downregulation mediates immune evasion by impairing T-cell
proliferation and activation in the biliary cancer TME.

Decreased ARID1A Expression Is
Correlated With High PD-L1 Expression
and Increased PD1+ Tumor-Infiltrating
Lymphocyte Infiltration in the Gallbladder
Cancer Tissue Microarray Dataset

The downregulation of multiple T cell-related pathways,
especially the TNF-o and IFN-y signaling pathways, suggested
the possible involvement of the PD1/PD-L1 pathway in the
observed mechanism of ARID1A. Thus, we investigated the
relationships of ARID1A with PD-L1 expression and PD1+
TIL counts through IHC and found that GBC tissue specimens
with low ARIDIA expression exhibited increased PD-L1
expression, and they were more likely to display greater PD1+
TIL infiltration (Figure 3A). Further, we investigated the
correlation between ARID1A and PD-L1 expression, and the
result revealed that the proportion of PD-L1-positive GBC tissue
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FIGURE 2 | Bioinformatics analysis revealed the regulation of immune-related genes and signaling pathways in AT-rich interactive domain 1A (ARID1A)-inactivated
tumors. (A) Heatmap of cytotoxic T lymphocyte (CTL) signatures in tumors with high or low ARID1A expression. (B) Volcano plot presenting the downregulation of
genes involved in CD8+ T-cell activation in ARID1A-inactivated tumors. (C) Gene set enrichment analysis revealed the downregulation of the immune-related pathway

specimens was much higher in the ARID1A-low group than in
the ARID1A-high group (p = 0.035, Figure 3B). Meanwhile, the
proportion of GBC tissues with strongly positive PD-L1 staining
on THC (IHC score > 2) was also higher in the ARID1A-low
group, although the result was not statistically different (p =
0.150, Figure 3C). We also confirmed a negative correlation
between ARID1A expression and the number of PD1+ TILs in
GBC tissue (p < 0.001, Figure 3D).

Low PD-L1 Expression or Reduced PD1+
Tumor-Infiltrating Lymphocyte Infiltration
Combined With High ARID1A Expression

Is Associated With the Best Prognosis in
Gallbladder Cancer

We assessed the impact of ARID1A expression, PD-L1
expression, and PD1+ TIL infiltration on the survival of

patients with GBC. According to the Kaplan-Meier analysis,
patients with high ARID1A expression and low PD-L1
expression in GBC tissue had the best OS (p < 0.001,
Figure 4A). Further analysis revealed that patients with high
ARID1A expression and less PD1+ TIL infiltration had markedly
better OS than the other patient subgroups (p <
0.001, Figure 4B).

DISCUSSION

The SWI/SNF complex utilizes energy from ATP hydrolysis to
mobilize nucleosomes and alter the accessibility of DNA (19).
Prior studies revealed that mutations in genes encoding SWI/
SNF subunits were correlated with multiple malignancies (20,
21). ARIDIA, which directly interacts with chromatin as a core
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subunit of the SWI/SNF complex, plays critical roles in cancer
cell development, differentiation, and proliferation (22, 23).
ARIDI1A is commonly classified as a tumor suppressor, and
low ARID1A expression is associated with a poor prognosis in
multiple cancers (24-27). However, the relationship between
ARIDI1A expression and the prognosis of patients with GBC
remains unclear. In the first part of this study, we observed that
loss of ARID1A was correlated with worse OS and TNM stage in
patients with GBC. Further multivariate analysis identified
ARIDI1A as an independent prognostic factor for OS. These
findings indicate that ARIDIA might be a vital factor for
predicting prognosis in patients with GBC.

It is known that loss of ARID1A can facilitate tumorigenesis
through several mechanisms. Notably, recent studies revealed the
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FIGURE 3 | The correlation of AT-rich interactive domain 1A (ARID1A) expression with PD-L1 expression and PD1+ tumor-infiltrating lymphocyte (TIL) counts in patients
with galloladder cancer (GBC). (A) Representative immunohistochemical images of PD-L1 expression and PD1+ TILs in patients with low (left upper) or high (left lower)
ARID1A expression. (B) Distribution of PD1+ TILs in different ARID1A expression groups. (C) Proportion of patients with positive PD-L1 staining. (D) Distribution of the
immunohistochemistry (IHC) score for PD-L1 in the ARID1A-high and ARID1A-low groups. *P < 0.05; ***P < 0.001.

vital effect of ARID1A on tumor immunity. One study confirmed
that ARID1A plays an important role in lymphocyte
development, whereas ARIDIA deletion can lead to a
developmental arrest in early T cells (28). Loss of ARID1A was
found to have a significant correlation with the expression of
IFN-vy and checkpoint genes (including PD-L1, CTLA4, and
PDCD1) in microsatellite-stable colorectal cancer (29). In
addition, ARID1A has been proven to serve as a biomarker for
the sensitivity to immune checkpoint inhibitors (29-32).
Considering the role that ARIDIA might play in tumor
immunity, we examined immune-related signatures and gene
sets in TCGA cholangiocarcinoma cohort. In the second part of
our study, we found that ARID1A expression was correlated with
multiple T cell-related processes, whereas cytotoxic T
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lymphocyte (CTL) signatures were significantly decreased in
ARID1A-low tumors. Further differential gene expression
analyses also illustrated that genes involved in T-cell activation
were downregulated in ARID1A-low tumors. These findings
indicate that T cells are potentially depleted in biliary tumors
with low ARIDIA expression. Combined with the
downregulation of several related pathways (such as TNF-o
and IFN-y signaling pathways), we propose that loss of
ARIDIA may lead to impaired immune surveillance in the
TME of biliary cancer by influencing PD1/PD-L1
pathway activity.

ARIDIA shares a complex correlation with the PD1/PD-L1
pathway. Loss of ARID1A was proven to be related to high PD-
L1 expression in multiple cancers, including non-small cell
lung cancer (33), gastric cancer (34), ovarian cancer (35),
colorectal cancer (36), and hepatocellular carcinoma (37).
Patients with ARID1A-mutated tumors are more likely to
benefit from anti-PD1/PD-L1 immunotherapy than patients
with wild-type ARID1A tumors (38). Mechanistically, loss of
ARIDIA can lead to the activation of phosphatidylinositol 3-
kinase/AKT signaling, which contributes to the elevated
expression of PD-L1 (34, 37). Another scenario holds that
ARIDIA deficiency results in increased PD-L1 expression by
directly removing the antagonistic effect on Cd274 gene (which
encodes PD-L1) (39). Our future goal is to confirm whether the
correlation between ARIDIA and the PD1/PD-L1 pathway
remains valid in GBC.

In the third part of our study, immunohistochemical staining
revealed significant increases in PD-L1 expression and PD1+ TIL
infiltration in ARID1A-low GBC specimens. Patients with high
PD-L1 expression or those with greater PD1+ TIL infiltration
had a worse prognosis (Supplementary Figure S1). Considering
these variables together, the Kaplan-Meier analysis illustrated
that high ARID1A expression, low PD-L1 expression, and lower
PD1+ TIL infiltration were linked to the best prognosis in GBC.
Meanwhile, because it was reported that loss of ARID1A can lead
to high CD8+ T-cell infiltration via the increased tumor
mutation burden (40), we further determined the number of
CD8+ T cells in GBC specimens by IHC. The results revealed no
significant difference in the number of CD8+ T cells between
ARID1A-high and ARID1A-low tumors (Supplementary
Figure S2). This indicated that the increased number of PD1+
TILs in ARID1A-low GBC tumors was not attributed to an
overall increase in the number of TILs, but it was potentially the
result of high PD-L1 expression in tumor tissue.

Based on the aforementioned findings, we propose that in
GBC, ARID1A might potentially inhibit PD-L1 expression in
tumor cells, which allows TILs to function normally in the TME.
In ARIDIA-inactivated GBC, PD-L1 overexpression and
impaired TIL function lead to immune evasion by the tumor
and a worse prognosis (Figure 5). These results suggest the
potentiality of applying anti-PD1/PD-L1 therapy in patients with
ARID1A-mutated GBC.

However, a few limitations should be acknowledged. As a
single-center retrospective study with a relatively small sample

size, it is necessary to validate these findings in a large
prospective, multicenter, randomized study. In addition, the
results of immunohistochemical staining in this study were
based on TMA, which may not completely reflect the actual
situation as a semiquantitative method. Currently, we have
established an ARID1A-depleted GBC cell line, and we aim to
validate these findings in humanized mice. We hope that the
exact role of ARID1A in the progression of GBC will be revealed
in our future work.

CONCLUSIONS

Our study identified the association of ARID1A downregulation
with unfavorable clinical outcomes and prognosis in patients
with GBC. Loss of ARID1A predicted increased PD-L1
expression and elevated PD1+ TIL infiltration, which might
lead to impaired immune surveillance in the TME of GBC.
The combination of high ARIDIA expression, low PD-L1
expression, and reduced PD1+ TIL infiltration predicted the
best OS in patients with GBC. ARIDI1A is a prognostic factor,
and it might serve as a marker to predict the efficacy
of immunotherapy.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the ethics committee of Fudan University (approval
no.: B2018-159R). The patients/participants provided their
written informed consent to participate in this study. Written
informed consent was obtained from the individual(s) for the
publication of any potentially identifiable images or data
included in this article.

AUTHOR CONTRIBUTIONS

All authors contributed to the article and approved the submitted
version. LN and CW: acquisition of data, analysis, and
interpretation of data, statistical analysis, and drafting of the
manuscript. JW and SZ: technical and material support. XB, YW,
and HL: study concept and design, analysis and interpretation of
data, drafting of the manuscript, obtained funding, and study
supervision. All authors contributed to the article and approved
the submitted version.

Frontiers in Oncology | www.frontiersin.org

February 2022 | Volume 12 | Article 787897


https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Nan et al.

ARID1A’s Role in Gallbladder Cancer

FUNDING

This study was supported by grants from the National Natural
Science Foundation of China (81872352, 82002525), the
Foundation of Shanghai Science and Technology Committee
(20JC1418902), the Shanghai Sailing Program (20YF1407300),
the Science and Technology Commission of Shanghai
Municipality (20DZ2254500), the Clinical Research Project and
Outstanding Backbone Scheme of Zhongshan Hospital
(2020ZSLC55, 2021ZSGG17), and the Scientific Research
Project of Shanghai Municipal Health Commission (201940389).

REFERENCES

1. D’Hondt M, Lapointe R, Benamira Z, Pottel H, Plasse M, Letourneau R, et al.
Carcinoma of the Gallbladder: Patterns of Presentation, Prognostic Factors
and Survival Rate. An 11-Year Single Centre Experience. Eur J Surg Oncol
(2013) 39(6):548-53. doi: 10.1016/j.j50.2013.02.010

2. Edge SB, Edge SB. AJCC Cancer Staging Manual. 8th Ed. New York, USA:
Springer (2017).

3. Nakayama RT, Pulice JL, Valencia AM, McBride MJ, McKenzie ZM, Gillespie
MA, et al. SMARCBI Is Required for Widespread BAF Complex-Mediated
Activation of Enhancers and Bivalent Promoters. Nat Genet (2017) 49
(11):1613-23. doi: 10.1038/ng.3958

4. Clapier CR, Iwasa J, Cairns BR, Peterson CL. Mechanisms of Action and
Regulation of ATP-Dependent Chromatin-Remodelling Complexes. Nat Rev
Mol Cell Biol (2017) 18(7):407-22. doi: 10.1038/nrm.2017.26

5. Kadoch C, Hargreaves DC, Hodges C, Elias L, Ho L, Ranish J, et al. Proteomic
and Bioinformatic Analysis of Mammalian SWI/SNF Complexes Identifies
Extensive Roles in Human Malignancy. Nat Genet (2013) 45(6):592-601. doi:
10.1038/ng.2628

6. Lawrence MS, Stojanov P, Mermel CH, Robinson JT, Garraway LA, Golub
TR, et al. Discovery and Saturation Analysis of Cancer Genes Across 21
Tumour Types. Nature (2014) 505(7484):495-501. doi: 10.1038/nature12912

7. Wilsker D, Patsialou A, Zumbrun SD, Kim S, Chen Y, Dallas PB, et al. The
DNA-Binding Properties of the ARID-Containing Subunits of Yeast and
Mammalian SWI/SNF Complexes. Nucleic Acids Res (2004) 32(4):1345-53.
doi: 10.1093/nar/gkh277

8. Sun X, Wang SC, Wei Y, Luo X, Jia Y, Li L, et al. Aridla Has Context-
Dependent Oncogenic and Tumor Suppressor Functions in Liver Cancer.
Cancer Cell (2017) 32(5):574-89.e6. doi: 10.1016/j.ccell.2017.10.007

9. Berns K, Caumanns JJ, Hijmans EM, Gennissen AMC, Severson TM, Evers B,
et al. ARID1A Mutation Sensitizes Most Ovarian Clear Cell Carcinomas to
BET Inhibitors. Oncogene (2018) 37(33):4611-25. doi: 10.1038/s41388-018-
0300-6

10. Chae H, Kim D, Yoo C, Kim KP, Jeong JH, Chang HM, et al. Therapeutic
Relevance of Targeted Sequencing in Management of Patients With Advanced
Biliary Tract Cancer: DNA Damage Repair Gene Mutations as a Predictive
Biomarker. Eur J Cancer (2019) 120:31-9. doi: 10.1016/j.¢jca.2019.07.022

11. Javle M, Bekaii-Saab T, Jain A, Wang Y, Kelley RK, Wang K, et al. Biliary
Cancer: Utility of Next-Generation Sequencing for Clinical Management.
Cancer (2016) 122(24):3838-47. doi: 10.1002/cncr.30254

12. Sicklick JK, Fanta PT, Shimabukuro K, Kurzrock R. Genomics of Gallbladder
Cancer: The Case for Biomarker-Driven Clinical Trial Design. Cancer
Metastasis Rev (2016) 35(2):263-75. doi: 10.1007/s10555-016-9602-8

13. Wardell CP, Fujita M, Yamada T, Simbolo M, Fassan M, Karlic R, et al.
Genomic Characterization of Biliary Tract Cancers Identifies Driver Genes
and Predisposing Mutations. ] Hepatol (2018) 68(5):959-69. doi: 10.1016/
j.jhep.2018.01.009

14. Conci S, Ruzzenente A, Simbolo M, Bagante F, Rusev B, Isa G, et al. Multigene
Mutational Profiling of Biliary Tract Cancer Is Related to the Pattern of
Recurrence in Surgically Resected Patients. Updates Surg (2020) 72(1):119-28.
doi: 10.1007/s13304-020-00718-5

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fonc.2022.787897/
full#supplementary-material

Supplementary Figure S1 | Effects of PD-L1 expression and PD1+ tumor
infiltrating lymphocytes (TILs) on overall survival (OS) in patients with gallbladder
cancer. (A) The OS curves of patients with high or low PD-L1 expression. (B) The
OS curves of patients with high or low PD1+ TIL infiltration.

Supplementary Figure S2 | The comparison of CD8+ cells and PD1+ tumor
infiltrating lymphocytes (TILs) in samples with high/low expression of ARID1A.

15. Sasaki M, Nitta T, Sato Y, Nakanuma Y. Loss of ARID1A Expression Presents
a Novel Pathway of Carcinogenesis in Biliary Carcinomas. Am ] Clin Pathol
(2016) 145(6):815-25. doi: 10.1093/ajcp/aqw071

16. Ashizawa M, Saito M, Min AKT, Ujiie D, Saito K, Sato T, et al. Prognostic Role
of ARID1A Negative Expression in Gastric Cancer. Sci Rep (2019) 9(1):6769.
doi: 10.1038/s41598-019-43293-5

17. Li L, Li M, Jiang Z, Wang X. ARIDIA Mutations Are Associated With
Increased Immune Activity in Gastrointestinal Cancer. Cells (2019) 8(7):678.
doi: 10.3390/cells8070678

18. Herbst RS, Giaccone G, de Marinis F, Reinmuth N, Vergnenegre A, Barrios CH,
et al. Atezolizumab for First-Line Treatment of PD-LI-Selected Patients With
NSCLC. N Engl ] Med (2020) 383(14):1328-39. doi: 10.1056/NEJMoal917346

19. Euskirchen G, Auerbach RK, Snyder M. SWI/SNF Chromatin-Remodeling
Factors: Multiscale Analyses and Diverse Functions. J Biol Chem (2012) 287
(37):30897-905. doi: 10.1074/jbc.R111.309302

20. Tessier-Cloutier B, Schaeffer DF, Bacani ], Marginean CE, Kalloger S, Kobel
M, et al. Loss of Switch/Sucrose Non-Fermenting Complex Protein Expression
in Undifferentiated Gastrointestinal and Pancreatic Carcinomas.
Histopathology (2020) 77(1):46-54. doi: 10.1111/his.14096

21. ZhouY, Xu Q, Tao L, Chen Y, Shu Y, Wu Z, et al. Enhanced SMARCD1, a Subunit
of the SWI/SNF Complex, Promotes Liver Cancer Growth Through the mTOR
Pathway. Clin Sci (Lond) (2020) 134(12):1457-72. doi: 10.1042/CS20200244

22. Nagarajan S, Rao SV, Sutton J, Cheeseman D, Dunn S, Papachristou EK, et al.
ARIDIA Influences HDACI/BRD4 Activity, Intrinsic Proliferative Capacity
and Breast Cancer Treatment Response. Nat Genet (2020) 52(2):187-97. doi:
10.1038/s41588-019-0541-5

23. Wang SC, Nassour I, Xiao S, Zhang S, Luo X, Lee J, et al. SWI/SNF
Component ARIDIA Restrains Pancreatic Neoplasia Formation. Gut (2019)
68(7):1259-70. doi: 10.1136/gutjnl-2017-315490

24. He F, Li ], Xu ], Zhang S, Xu Y, Zhao W, et al. Decreased Expression of
ARIDIA Associates With Poor Prognosis and Promotes Metastases of
Hepatocellular Carcinoma. ] Exp Clin Cancer Res (2015) 34:47. doi:
10.1186/s13046-015-0164-3

25. Kim M]J, Gu MJ, Chang HK, Yu E. Loss of ARID1A Expression is Associated
With Poor Prognosis in Small Intestinal Carcinoma. Histopathology (2015) 66
(4):508-16. doi: 10.1111/his.12566

26. Yang L, Wei S, Zhao R, Wu Y, Qiu H, Xiong H. Loss of ARID1A Expression
Predicts Poor Survival Prognosis in Gastric Cancer: A Systematic Meta-
Analysis From 14 Studies. Sci Rep (2016) 6:28919. doi: 10.1038/srep28919

27. Yoshino J, Akiyama Y, Shimada S, Ogura T, Ogawa K, Ono H, et al. Loss of
ARID1A Induces a Stemness Gene ALDHI1A1 Expression With Histone
Acetylation in the Malignant Subtype of Cholangiocarcinoma.
Carcinogenesis (2019) 41(6):734-42. doi: 10.1093/carcin/bgz179

28. Astori A, Tingvall-Gustafsson ], Kuruvilla J, Coyaud E, Laurent EMN,
Sunnerhagen M, et al. ARIDla Associates With Lymphoid-Restricted
Transcription Factors and Has an Essential Role in T Cell Development.
J Immunol (2020) 205(5):1419-32. doi: 10.4049/jimmunol. 1900959

29. Mehrvarz Sarshekeh A, Alshenaifi ], Roszik J, Manyam GC, Advani SM,
Katkhuda R, et al. ARID1A Mutation May Define an Immunologically Active
Subgroup in Patients With Microsatellite Stable Colorectal Cancer. Clin
Cancer Res (2021) 27(6):1663-70. doi: 10.1158/1078-0432.CCR-20-2404

Frontiers in Oncology | www.frontiersin.org

February 2022 | Volume 12 | Article 787897


https://www.frontiersin.org/articles/10.3389/fonc.2022.787897/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.787897/full#supplementary-material
https://doi.org/10.1016/j.ejso.2013.02.010
https://doi.org/10.1038/ng.3958
https://doi.org/10.1038/nrm.2017.26
https://doi.org/10.1038/ng.2628
https://doi.org/10.1038/nature12912
https://doi.org/10.1093/nar/gkh277
https://doi.org/10.1016/j.ccell.2017.10.007
https://doi.org/10.1038/s41388-018-0300-6
https://doi.org/10.1038/s41388-018-0300-6
https://doi.org/10.1016/j.ejca.2019.07.022
https://doi.org/10.1002/cncr.30254
https://doi.org/10.1007/s10555-016-9602-8
https://doi.org/10.1016/j.jhep.2018.01.009
https://doi.org/10.1016/j.jhep.2018.01.009
https://doi.org/10.1007/s13304-020-00718-5
https://doi.org/10.1093/ajcp/aqw071
https://doi.org/10.1038/s41598-019-43293-5
https://doi.org/10.3390/cells8070678
https://doi.org/10.1056/NEJMoa1917346
https://doi.org/10.1074/jbc.R111.309302
https://doi.org/10.1111/his.14096
https://doi.org/10.1042/CS20200244
https://doi.org/10.1038/s41588-019-0541-5
https://doi.org/10.1136/gutjnl-2017-315490
https://doi.org/10.1186/s13046-015-0164-3
https://doi.org/10.1111/his.12566
https://doi.org/10.1038/srep28919
https://doi.org/10.1093/carcin/bgz179
https://doi.org/10.4049/jimmunol.1900959
https://doi.org/10.1158/1078-0432.CCR-20-2404
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Nan et al.

ARID1A’s Role in Gallbladder Cancer

30.

31.

32.

33.

34,

35.

36.

37.

Sun D, Tian L, Zhu Y, Wo Y, Liu Q, Liu S, et al. Subunits of ARID1 Serve as
Novel Biomarkers for the Sensitivity to Immune Checkpoint Inhibitors and
Prognosis of Advanced Non-Small Cell Lung Cancer. Mol Med (2020) 26
(1):78. doi: 10.1186/s10020-020-00208-9

He Y, Wang X. Identification of Molecular Features Correlating With Tumor
Immunity in Gastric Cancer by Multi-Omics Data Analysis. Ann Transl Med
(2020) 8(17):1050. doi: 10.21037/atm-20-922

LiZ, Lin ], Zhang L, LiJ, Zhang Y, Zhao C, et al. Comprehensive Analysis of Multiple
Parameters Associated With Tumor Immune Microenvironment in ARIDIA
Mutant Cancers. Future Oncol (2020) 16(29):2295-306. doi: 10.2217/fon-2020-0243
Naito T, Udagawa H, Umemura S, Sakai T, Zenke Y, Kirita K, et al. Non-Small
Cell Lung Cancer With Loss of Expression of the SWI/SNF Complex Is
Associated With Aggressive Clinicopathological Features, PD-L1-Positive
Status, and High Tumor Mutation Burden. Lung Cancer (2019) 138:35-42.
doi: 10.1016/j.lungcan.2019.10.009

Kim YB, Ahn JM, Bae WJ, Sung CO, Lee D. Functional Loss of ARID1A Is
Tightly Associated With High PD-L1 Expression in Gastric Cancer. Int J
Cancer (2019) 145(4):916-26. doi: 10.1002/ijc.32140

Kuroda Y, Chiyoda T, Kawaida M, Nakamura K, Aimono E, Yoshimura T,
et al. ARIDIA Mutation/ARID1A Loss Is Associated With a High
Immunogenic Profile in Clear Cell Ovarian Cancer. Gynecol Oncol (2021)
162(3):679-85. doi: 10.1016/j.ygyno.2021.07.005

Tokunaga R, Xiu J, Goldberg RM, Philip PA, Seeber A, Battaglin F, et al. The
Impact of ARIDIA Mutation on Molecular Characteristics in Colorectal
Cancer. Eur ] Cancer (2020) 140:119-29. doi: 10.1016/j.¢jca.2020.09.006
Iseda N, Itoh S, Yoshizumi T, Yugawa K, Morinaga A, Tomiyama T, et al.
ARID1A Deficiency Is Associated With High Programmed Death Ligand 1
Expression in Hepatocellular Carcinoma. Hepatol Commun (2021) 5(4):675—
88. doi: 10.1002/hep4.1659

38. Okamura R, Kato S, Lee S, Jimenez RE, Sicklick JK, Kurzrock R. ARID1A
Alterations Function as a Biomarker for Longer Progression-Free Survival
After Anti-PD-1/PD-L1 Immunotherapy. ] Immunother Cancer (2020) 8(1):
€000438. doi: 10.1136/jitc-2019-000438

Fukumoto T, Fatkhutdinov N, Zundell JA, Tcyganov EN, Nacarelli T,
Karakashev S, et al. HDAC6 Inhibition Synergizes With Anti-PD-L1
Therapy in ARIDIA-Inactivated Ovarian Cancer. Cancer Res (2019) 79
(21):5482-9. doi: 10.1158/0008-5472.CAN-19-1302

Hu G, Tu W, Yang L, Peng G, Yang L. ARIDIA Deficiency and Immune
Checkpoint Blockade Therapy: From Mechanisms to Clinical Application.
Cancer Lett (2020) 473:148-55. doi: 10.1016/j.canlet.2020.01.001

39.

40.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Nan, Wang, Wang, Zhang, Bo, Wang and Liu. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Oncology | www.frontiersin.org

February 2022 | Volume 12 | Article 787897


https://doi.org/10.1186/s10020-020-00208-9
https://doi.org/10.21037/atm-20-922
https://doi.org/10.2217/fon-2020-0243
https://doi.org/10.1016/j.lungcan.2019.10.009
https://doi.org/10.1002/ijc.32140
https://doi.org/10.1016/j.ygyno.2021.07.005
https://doi.org/10.1016/j.ejca.2020.09.006
https://doi.org/10.1002/hep4.1659
https://doi.org/10.1136/jitc-2019-000438
https://doi.org/10.1158/0008-5472.CAN-19-1302
https://doi.org/10.1016/j.canlet.2020.01.001
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	ARID1A Downregulation Predicts High PD-L1 Expression and Worse Clinical Outcome in Patients With Gallbladder Cancer
	Introduction
	Materials and Methods
	Patient Cohort
	Data Extraction
	Tissue Microarray and Immunohistochemistry
	Gene Set Enrichment Analysis
	Statistical Analyses

	Results
	Correlation Between ARID1A Expression and the Prognosis of Patients With Gallbladder Cancer
	ARID1A Downregulation Correlated With T-Cell Inactivation in The Cancer Genome Atlas Dataset
	Decreased ARID1A Expression Is Correlated With High PD-L1 Expression and Increased PD1+ Tumor-Infiltrating Lymphocyte Infiltration in the Gallbladder Cancer Tissue Microarray Dataset
	Low PD-L1 Expression or Reduced PD1+ Tumor-Infiltrating Lymphocyte Infiltration Combined With High ARID1A Expression Is Associated With the Best Prognosis in Gallbladder Cancer

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


