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Abstract

AIM: To explore the association between AT-rich
interactive domain 1A (ARID1A) protein loss by
immunohistochemistry and both clinicopathologic
characteristics and prognosis in patients with colorectal
cancer.

METHODS: We retrospectively collected clinicopathologic
data and archived paraffin-embedded primary colorectal
cancer samples from 209 patients, including 111
patients with colon cancer and 98 patients with rectal
cancer. The tumor stage ranged from stage I to stage
IV according to the 7™ edition of the American Joint
Committee on Cancer tumor-node-metastasis (TNM)
staging system. All patients underwent resection of
primary colorectal tumors. The expression of ARID1A
protein in primary colorectal cancer tissues was
examined by immunohistochemical staining. The
clinicopathologic association and survival relevance of
ARID1A protein loss in colorectal cancer were analyzed.

RESULTS: ARID1A loss by immunohistochemistry was
not rare in primary colorectal cancer tumors (25.8%).
There were 7.4%, 24.1%, 22.2% and 46.3% of
patients with ARID1A loss staged at TNM stage [, 1,
I and IV, respectively, compared with 20.0%, 22.6%,
27.7% and 29.7% of patients without ARID1A loss
staged at TNM stage I, I, M and IV, respectively. In
patients with ARID1A loss, the distant metastasis rate
was 46.3%. However, only 29.7% of patients without
ARID1A loss were found to have distant metastasis. In
terms of pathologic differentiation, there were 25.9%,
66.7% and 7.4% with poorly, moderately and well
differentiated tumors in patients with ARID1A loss,
and 14.2%, 72.3% and 13.5% with poorly, moderately
and well differentiated tumors in patients without
ARID1A loss, respectively. ARID1A loss was associated
with late TNM stage (P = 0.020), distant metastasis
(P = 0.026), and poor pathological classification (P =
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0.035). However, patients with positive ARID1A had
worse overall survival compared to those with negative
ARID1A in stage IV colorectal cancer (HR = 2.49,
95%CI: 1.13-5.51).

CONCLUSION: ARID1A protein loss is associated with
clinicopathologic characteristics in colorectal cancer
patients and with survival in stage IV patients.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
Key words: AT-rich interactive domain 1A; Switching

defective/sucrose non-fermenting complexes; Colorectal
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Core tip: AT-rich interactive domain 1A (ARID1A)
(BAF250A) is a member of the switching defective/
sucrose non-fermenting (BAF) complexes, which
remodel nucleosomes. ARIDIA gene mutation and
protein loss have been detected in many human
cancers. However, research on their clinical association
in colorectal cancer is limited and requires further
exploration. We found that ARID1A loss was not rare
in primary colorectal cancer tumors (25.8%), and it
was associated with clinicopathologic characteristics in
colorectal cancer patients and with survival in stage IV
patients.
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INTRODUCTION

Colorectal cancer (CRC) is the most common cancer
of the digestive system. Diverse treatment strategies
have been developed for better management of CRC"?.,
Although mortality due to CRC has declined steadily
during the past decades, CRC is still the second leading
cause of cancer-related death in males and the third
leading cause in females™. Patients with early stage
CRC have a chance of being cured. For patients with
stage [V CRC, the prognosis is poor. The tumor-node-
metastasis (TNM) staging system is the most effective
and commonly recognized clinical prognostic factor.
However, even in the same stage, the prognoses of
patients vary enormously due to molecular differences.
Many prognostic biomarkers have been suggested, but
only the test for RAS mutation” and microsatellite
instability (MSI)™" have become part of the routine
clinical management of CRC. Other biomarkers, such
as allelic imbalance at chromosome 18ql7’9j, BRAF
1 and p53 alterations'>"!

mutation , are not used in
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clinical practice due to the discrepancies among research
reports. To better categorize CRC by biomarkers, more
translational studies are warranted to identify putative
biomarkers and validate them.

AT-rich interactive domain 1A (ARID1A) protein
(BAF250a) is a member of the switching defective/
sucrose non-fermenting (SWI/SNF) complexes, which
function as ATP-dependent chromatin remodelers .
These complexes remodel nucleosomes and modulate
transcription utilizing the energy of ATP hydrolysis.
Inactivating mutations of several subunits of these
complexes have frequently been detected in various
tumors, indicating a tumor suppressor function of the
SWI/SNF complexes“()’zol.

Since late 2010, next-generation sequencing technologies
have brought the emergence of a wide variety of cancer-
associated gene mutations. Among them, inactivating
mutations in ARID1A are frequently and repeatedly
detected in various tumors. According to the reports, loss
of ARID1A was detected in 30%-60% of ovarian clear
cell and ovarian endometrioid carcinomas'™**?. It was
speculated that ARID1A loss mediated the transformation
from endometriosis to cancer' . ARID1A loss has also
been identified in some other cancers, such as endometrial

cancer™ clear cell renal cell carcinoma'™, breast
. 7 .
cancer™, Burkitt lymphoma®”, lung adenocarcinoma®™

[30]

>

neuroblastoma®™, hepatocellular carcinoma™, and gastric
cancer”". Related research in CRC is limited”>, thus we
conducted this study to investigate the clinicopathologic
and prognostic relevance of ARID1A loss in CRC.

MATERIALS AND METHODS

Ethics statement

All patients provided written informed consent for
their information to be stored and used in the hospital
database. Study approval was obtained from the
independent ethics committee at the Cancer Center
of Sun Yat-Sen University. The study was undertaken
in accordance with the ethical standards of the World
Medical Association Declaration of Helsinki.

Patient information and tissue specimens

This study was conducted using a total of 209 archived
paraffin-embedded primary CRC samples. All patients
underwent resection of primary tumors between 2001 and
2009 at Sun Yat-Sen University Cancer Center. All patients
received standard post-operative chemotherapy according
to the National Comprehensive Cancer Network
guidelines. None of the patients had preoperative
chemotherapy or preoperative radiotherapy. The staging
of tumors was determined according to the American
Joint Committee on Cancer (AJCC) TNM staging system.
Each tumor was pathologically classified according to
the World Health Organization classification criteria. For
survival information, patients were followed-up by the
follow-up department or the outpatient department after
discharge from hospital. Overall survival (OS) was defined
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Table 1 Clinicopathologic characteristics and AT-rich interactive

domain 1A expression in 209 patient samples of colorectal
cancer n (%)

Characteristics Value
Gender

Male 176 (84.2)

Female 33 (15.8)
Age (y7)

Median 55

Range 19-88
Tumor location

Colon 111 (53.1)

Rectal 98 (46.9)
TNM stage (AJCC)

I 35 (16.7)

I 48 (23.0)

il 55 (26.3)

I\Y% 71 (34.0)
T stage

T1 10 (4.8)

T2 35 (16.7)

T3 53 (25.4)

T4 111 (53.1)
N stage

NO 98 (46.9)

N1 56 (26.8)

N2 55 (26.3)
M stage

MO 138 (66.0)

M1 71 (34.0)
Pathologic differentiation

Poor 36 (17.2)

Moderate 148 (70.8)

Well 25 (12.0)
Tumor size (cm)

<5 136 (65.1)

>5 73 (34.9)
Expression of ARID1a

Negative 54 (25.8)

Positive 155 (74.2)

AJCC: American Joint Committee on Cancer; TNM: Tumor-node-
metastasis; ARID1A: AT-rich interactive domain 1A.

as the interval between the date of surgery and the date
of death or the last known follow-up if the patient was
alive. The clinicopathologic information of the study
subjects and primary tumor samples are listed in Table
1. All excised samples were obtained from tumor tissues
within 1 h after surgery. For each specimen, half was
placed in liquid nitrogen until analysis, and the remainder
was fixed with formalin for immunohistochemistry (IHC).

IHC and scoring

The protein expression levels of ARIDIA were
investigated in 209 primary CRC samples using IHC.
The procedure used was described previouslym. Briefly,
the tissue sections were first deparaffinized, rehydrated,
endogenous peroxide blocked and antigen retrieved, then
incubated with ARIDTA (PSG3): sc-32761 antibody
(Santa Cruz Biotechnology, Inc., CA, United States)
overnight at 4 ‘C. Next, after washing with phosphate-
buffered saline Tween-20, tissue sections were treated
with anti-mouse secondary antibody for 30 min, followed
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by further incubation with the streptavidin horseradish
peroxidase complex. The sections wetre developed
with diaminobenzidine tetrahydrochloride and then
counterstained with hematoxylin.

Two independent observers who were blinded to
patient clinical and pathological information reviewed
and scored the immunostained sections. At least 1000
tumor cells were analyzed for each slide. The proportion
of the stained cells and the extent of staining were used
as the criteria for evaluation. The percentage of positive
cells was scored as < 10% = 0, > 10% to < 25% =1,
> 25% to < 50% = 2, > 50% to < 75% = 3, and >
75% = 4. Nuclear immunoreactivity was considered as
positive expression. The intensity of staining was scored
as negative = 0, weak = 1, moderate = 2, and strong = 3.
The two scores were then multiplied to calculate the final
score. Based on the overall score, the immunostained
sections were further divided into two groups: negative
ARID1A expression group (overall score = 0) and
positive ARID1A expression group (overall score = 1).
The positive expression group was further divided into
three groups: low ARID1A expression (1 <t overall score
< 4), moderate ARID1A expression (4 < overall score
< 8) and high ARID1A expression group (8 < overall
score < 12).

Statistical analysis

All statistical analyses were performed using SPSS 13.0
statistical software. A P value < 0.05 was considered
statistically significant in all cases. The association
between ARID1TA expression and the clinicopathological
characteristics was analyzed by ZZ test or Kruskal-Wallis
H test based on the type of data. Survival curves were
plotted by the Kaplan-Meier method and compared
using the log-rank test. Survival data were evaluated using
univariate and multivariate Cox regression analyses.

RESULTS

ARID1A expression in CRC primary tumors

IHC analysis was conducted on 209 primary CRC tumor
samples. Fifty-four (25.8%) primary CRC tumors had
negative ARID1A expression, 107 (51.2%) tumors
had low ARID1A expression, 39 (18.7%) tumors had
moderate ARID1A expression, and 9 (4.3%) tumors had
high ARID1A expression. Typical immunostaining of
negative, low, moderate and high ARID1A expression are
shown in Figure 1.

Loss of ARID1A expression was associated with
clinicopathological features of CRC

All 209 primary CRC tumors were included in this analysis.
Fifty-four (25.8%) had negative ARID1A expression,
and 155 (74.2%) cases had positive ARID1A expression.
The correlations between ARID1A expression (negative/
positive) and clinicopathological features of CRC are
listed in Table 2. As shown in Table 2, loss of ARID1A

expression was not associated with gender (male/female),
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Figure 1 Typical immunohistochemical staining of AT-rich interactive domain 1A (x 100). A: Negative AT-rich interactive domain 1A (ARID1A) expression; B:
Low ARID1A expression; C: Moderate ARID1A expression; D: High ARID1A expression.

age (< 55/> 55 years), tumor location (colon/rectal), T
stage (T1/T2/T3/T4), N stage (NO/N1/N2), ot tumor
size (< 5/> 5 c¢m). However, the associations between
ARID1A expression and TNM (AJCC) stage, M stage and
pathologic differentiation were all statistically significant
(P =0.020, P = 0.026, and P = 0.035, respectively). Loss
of ARIDIA expression was significantly associated with
late TNM stage, distant metastasis, and poor pathologic
differentiation.

Association between ARID1A loss and CRC survival
Kaplan-Meier analysis was used for the initial analysis
of the influence of ARID1A loss on OS in CRC
patients. ARID1TA expression (negative/positive) was not
associated with OS in all 209 CRC patients (P = 0.538).
However, when the population was split by TNM stage,
ARID1A expression (negative/positive) was significantly
associated with OS in stage IV patients (P = 0.027,
Figure 2), but a significant relationship was not observed
in stage I -1 patients. Thus, we further analyzed the
association between ARID1A expression (negative/
positive) and OS in stage IV patients. The results of
univariate and multivariate analyses are listed in Table 3.
In stage IV CRC patients, potential prognostic
factors, including N stage (NO/N1/N2), pathologic
differentiation (poor/moderate/well), tumor size
(< 5/> 5 cm), metastatic site (single/multiple), and
metastasis limited to the liver (no/yes) wete not found
to be significantly prognostic. However, ARID1A
expression (negative/positive), T stage (T'1/T2/T3/T4)
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and resection of metastatic tumors (no/yes) were found
to be significant prognostic factors in univariate analyses
(P =0.027, P = 0.038, and P = 0.002, respectively, Table
3). Factors significantly prognostic in univariate analysis
were included in multivariate analysis. All three of the
above factors were independent prognostic factors in
multivariate analysis. Positive ARID1A expression was
significantly and independently associated with worse
OS in stage IV CRC patients compared with negative
ARID1A expression (HR = 2.49, 95%CI: 1.13-5.51,
Table 3). The Kaplan-Meier survival curves of ARID1A
(negative/positive) for patients with stage IV CRC are
shown in Figure 2.

DISCUSSION

In the present study, we demonstrated that loss of
ARID1A expression was associated with late TNM stage,
distant metastasis and poor pathologic differentiation.
These findings indicated that ARID1A may play an
important role in the progression of CRC. In addition,
the survival analyses also indicated that loss of ARID1A
protein expression was a prognostic factor for better OS
in stage [V CRC.

Epigenetic regulators modulate gene expression, and
thereby influence cell function. Alterations in epigenetic
regulators have been shown to be one of the key
characteristics in tumorigenesis””. Of these epigenetic
regulators, the SWI/SNF chromatin remodeling
complexes have been demonstrated to be repeatedly
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expression and clinicopathologic characteristics of colorectal
cancer patients 7 (%)
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Table 3 Univariate and multivariate analyses of various
prognostic parameters in stage IV patients with colorectal
cancer using Cox-regression analysis 7 (%)

Characteristics ARID1a P value Characteristics Univariate analysis Multivariate analysis
Negative Positive Pvalue HR 95%Cl P value
Gender 0.132 Gender 0.258
Male 42 (77.8) 134 (86.5) Male 40 (56.3)
Female 12 (22.2) 21 (13.5) Female 31 (43.7)
Age (yr) 0.409 Age (yr) 0.934
<55 30 (55.6) 76 (49.0) <55 39 (54.9)
>55 24 (44.4) 79 (51.0) > 55 32 (45.1)
Tumor location 0.293 ARID1a expression 0.027 249 1.13-551 0.024
Colon 32 (59.3) 79 (51.0) Negative 25 (35.2)
Rectal 22 (40.7) 76 (49.0) Positive 46 (64.8)
TNM stage (AJCC) 0.020 T stage 0.038 2.01 1.08-3.75 0.029
I 4(7.4) 31 (20.0) T1 1(14)
II 13 (24.1) 35 (22.6) T2 5(7.0)
Jilg 12 (22.2) 43 (27.7) T3 43 (60.6)
I\ 25 (46.3) 46 (29.7) T4 22 (31.0)
T stage 0.771 N stage 0.929
T1 1(1.9) 9(5.8) NO 12 (16.9)
T2 6 (11.1) 29 (18.7) N1 27 (38.0)
T3 20 (37.0) 33 (21.3) N2 32 (45.1)
T4 27 (50.0) 84 (54.2) Pathologic 0.458
N stage 0.638 differentiation
NO 23 (42.6) 75 (48.4) Poor 17 (23.9)
N1 17 (31.5) 39 (25.1) Moderate 51 (71.8)
N2 14 (25.9) 41 (26.5) Well 3(4.3)
M stage 0.026 Tumor size (cm) 0.261
MO 29 (53.7) 109 (70.3) <5 43 (60.6)
M1 25 (46.3) 46 (29.7) >5 28 (39.4)
Pathologic differentiation 0.035 Metastatic site 0.806
Poor 14 (25.9) 22 (14.2) Single 52 (73.2)
Moderate 36 (66.7) 112 (72.3) Multiple 19 (26.8)
Well 4(74) 21 (13.5) Metastasis limited to 0.519
Tumor size (cm) 0.170 the liver
<5 31 (57.4) 105 (67.7) No 37 (52.1)
>5 23 (42.6) 50 (32.3) Yes 34 (47.9)
Resection of 0.002 033  0.16-0.67 0.002
AJCC: American Joint Committee on Cancer; TNM: Tumor-node- metastatic tumors'
metastasis; ARID1A: AT-rich interactive domain 1A. No 21 (29.6)
Yes 50 (70.4)

ARID1A
_[1 Negative
0.8 - 1 Positive
-+ Negative-censored
T 06 |- Positive-censored
s
a ++ + —+
Eoal
02 - P =0022
0.0 -
1 1 1 1 1 1

I I
0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00
0S (m)

Figure 2 Kaplan-Meier curves. Kaplan-Meier curves with univariate analyses
(log-rank) for stage IV patients with negative AT-rich interactive domain 1A
(ARID1A) expression vs positive ARID1A expression.

. : . 36
mutated in a wide range of carcinomas”. These
complexes consist of several highly related multiunit
complexes, and the occurrence of specific inactivating

Baishidenge ~ WJG | www.wjgnet.com

18408

'Resection of metastasis: Including RO and R1 resection of all metastatic
tumors. ARID1A: AT-rich interactive domain 1A.

mutations in subunits were frequently authenticated,
including the SNF5, BAF 180, BRM/SWI2-related
gene 1, as well as ARID1APY. Functionally, ARID1A is
required for nucleosome substrate binding and occupancy
by SWI/SNF complexes””. Knockdown of ARID1A
abrogates normal cell cycle arrest in osteoblasts cells,
indicating the potential tumor suppressor function
of ARID1A as well as the relevance of ARID1A loss
and tumorigenesis'' !, In addition, Dykhuizen ez a/™
discovered that SWI/SNF complexes were essential for
the binding of topoisomerase Il alpha to approximately
12000 sites across the genome by directly interacting with
topoisomerase Il alpha through ARID1A protein, which
resulted in decatenation defects.

The tumor suppressor function of ARIDIA has
been verified in a wide variety of carcinomas, with
significant research in gynecological carcinomas. There
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are few investigations regarding ARID1A in CRC,
which requires further clarification. The mutation rate
of ARID1A reported in CRC is low, and was reported
by Jones ¢t al” to be 10% and Kim ¢z a/*" found no
mutations. Thus, the importance of ARID1A loss in CRC
may be underestimated. In our study, loss of ARID1A
protein by IHC occurred in 25.8% of primary CRC
tumors, with an even higher proportion of 35.2% in
stage IV CRC, suggesting that loss of ARID1A was not
uncommon in CRC. Moreovet, loss of ARID1A was of
clinicopathological significance.

There are a large number of reports on the relevance
of ARID1A mutation or protein loss to survival in several
carcinomas. However, there is controversy regarding the
results of these studies. Some studies found that ARID1A
mutation or protein loss was a predictor of worse

oo . 41
survival in cervical cancet!

I and gastric cancer™. Others
suggested no association between ARID1A mutation or
protein loss and survival in clear cell carcinoma of the
endometrium™, and ovarian clear cell adenocarcinomas®™
There are also reports indicating that ARID1A mutation
or protein loss was related to a survival advantage in
endometrial carcinoma™ and gastric cancer”", Our study
is the first to explore the influence of ARIDIA loss on
CRC survival. It was found that ARID1A loss predicted
superior OS in stage [V CRC. ARID1A loss was also
related to microsatellite instability (MSI) in endometrial
cancet'. Previous research demonstrated that ARID1A
mutation occurred more frequently in CRC with high
MSI (MSI-H) compared with those with microsatellite
stable CRC"™*". It was shown that MSI-H predicts better
survival in early stage CRC". In stage IV CRC, Liang ez
al” reported that MSI-H predicted better chemosensitivity
to high-dose 5-fluorouracil plus leucovorin chemotherapy
for stage IV sporadic colorectal cancer after palliative
bowel resection. In our study, all stage IV patients
underwent resection of primary CRC tumors. Thus, the
survival advantage in patients with ARID1A loss may
be partially explained by its association with MSI-H.
However, one limitation of out study was that the status
of MSI was not tested. Another was that the association
between ARID1A loss and chemosensitivity in stage IV
patients was not explored as only 21 (29.6%) cases did
not receive metastatic tumor resection and had evaluable
lesions. These associations need to be verified and the
mechanisms clarified in future investigations.

Other limitations in our study were as follows:
All stage IV patients underwent resection of primary
tumors, thus those with a heavy tumor burden or poor
performance status were not included. Therefore, the
finding that ARID1A loss predicted better OS in stage IV
CRC patients could only be applied to those with good
performance status or low tumor burden. In addition,
patients with early stage CRC and metastatic CRC
received different drug regimens. The duration of our
study was nine years from 2001-2009. During this period,
the results of some clinical trials contributed to changes
in clinical practice. Thus, even for patients with the same
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stage, their treatment was different. For these reasons, the
associations between ARID1A loss and the effects of the
chemotherapy and radiotherapy were not analyzed in this
study.

In conclusion, ARID1A loss was not rare in CRC. It
was associated with late TNM stage, distant metastasis,
and poor pathologic differentiation. In addition, stage
IV patients with ARID1A protein loss in primary
tumors had longer survival than those with ARID1A
positive tumors. ARID1A may be a candidate prognostic
biomarker in CRC. In addition, considering that
epigenetic alterations are potentially reversible, CRC
patients with ARID1A loss may benefit from therapeutics
which target chromatin-modifying enzymes.
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Background

AT-rich interactive domain 1A (ARID1A), a member of the switching defective/
sucrose non-fermenting (SWI/SNF) complexes, has been shown to be mutated
in many human cancers. However, studies on their clinical association in
colorectal cancer are limited. The identification of new biomarkers is warranted
to direct the categorization and treatment of colorectal cancer.

Research frontiers

ARID1A gene mutation has been repeatedly detected in many cancers, particularly
in ovarian clear cell and ovarian endometrioid carcinomas. ARID1A loss is
considered to be an important early event in the tumorigenic transformation from
endometriosis to cancer. It was also found to be associated with microsatellite
instability in endometrial cancer. ARID1A gene mutation was detected in colorectal
cancer in previous studies, however, the association between ARID1A protein loss
by immunohistochemistry and both clinicopathologic characteristics and prognosis
in colorectal cancer is unclear.

Innovations and breakthroughs

The authors found that ARID1A loss was not rare in primary colorectal cancer
tumors (25.8%), and was associated with late TNM stage, distant metastasis,
and poor pathological classification in patients with colorectal cancer. However,
ARID1A loss predicted better overall survival in stage IV patients.

Applications

This study indicated an important role for ARID1A protein loss in colorectal
cancer. ARID1A protein loss was found to be associated with late TNM stage,
distant metastasis and poor pathological differentiation, suggesting that it
might play a role in the progression of colorectal cancer. However, in stage IV
patients, ARID1A loss was found to predict better survival. This could partially
be explained by its association with microsatellite instability. Further studies are
needed to clarify the detailed mechanisms involved.

Terminology

ARID1A, also known as BAF250a, is a member of the SWI/SNF complexes,
which function as ATP-dependent chromatin remodelers. The SWI/SNF
complexes remodel nucleosomes and modulate transcription utilizing the
energy of ATP hydrolysis.

Peer review

This study demonstrated the clinical association of ARID1A protein loss by
immunohistochemistry in colorectal cancer. ARID1A protein loss was found
to be related with late TNM stage, distant metastasis and poor pathological
differentiation. In addition, it was found to predict better survival in stage IV
patients.
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