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Decreased Expression of ARID1A Contributes to Infiltrative
Growth of Esophageal Squamous Cell Carcinoma
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The clinical outcome for esophageal squamous cell carcinoma (ESCC) patients is often poor because of
the invasive nature of this tumor type. AT-rich interactive domain 1A (ARID1A) functions as a tumor
suppressor, and its gene mutation has been reported in various human malignancies. ARID1A is a
non-catalytic subunit of the SWitch/Sucrose Non Fermentable (SWI/SNF) chromatin-remodeling complex
that regulates gene transcription. Decreased expression of ARID1A protein has been reported to decrease
the expression of E-cadherin, an adhesion protein. However, the correlation between ARID1A and
E-cadherin expression status in ESCC remains largely unknown. To address this issue, we examined the
expression of ARID1A and E-cadherin in tumor specimens excised from 83 ESCC patients using
immunohistochemical analysis. The intensity of the ARID1A immunoreactivity was significantly lower in
tumors with a growth pattern characterized by ill-defined borders than that in tumors with an expansive
growth pattern having a well-demarcated border or tumors with an intermediate growth pattern. Thus,
decreased ARID1A immunoreactivity correlated with infiltrative growth of ESCC. In contrast, E-cadherin
status did not correlate with the infiltrative growth pattern of ESCC. Moreover, ARID1A expression status
did not significantly correlate with any of other clinicopathological factors, E-cadherin expression levels, or
the clinical outcome of the patients. On the other hand, the patients with tumors expressing low levels of
E-cadherin exhibited significantly lower survival rates than those with high expression. In conclusion,
reduced ARID1A expression in tumor tissues contributes to infiltrative growth of ESCC, irrespective of
E-cadherin expression levels.
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Introduction

The clinical outcome for esophageal squamous cell
carcinoma (ESCC) patients is often poor because of the
invasive nature of this tumor type and the prevalence of
lymph node metastasis (Matsuda et al. 2011). Lymph nodes
metastasis can occur from the cervical to abdominal lymph
node regions (Akiyama et al. 1981). While incidences of
adenocarcinoma of the esophagus have increased in Japan,
the predominant histological subtype is still squamous cell
carcinoma (Shibata et al. 2008). ESCC exhibits highly
malignant behavior, and improving the prognosis of patients
with ESCC is a major focus of cancer research. Numerous
studies have investigated the correlation between changes
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in protein expression and invasive properties of ESCC
using immunohistochemical methods (for review in Lin et
al. 2009).

AT-rich interactive domain 1A (ARID1A) has been
recently identified as a tumor suppressor (Oike et al. 2013;
Wu et al. 2014). The ARIDI1A protein (also known as
BAF250a) is a non-catalytic subunit of the SWItch/Sucrose
Non Fermentable (SWI/SNF) chromatin-remodeling com-
plex (Oike et al. 2013). The SWI/SNF complex regulates
gene transcription by binding transcriptional factors via
nucleosome remodeling, nucleosome sliding, and transfer-
ring histone octamers to other DNA molecules (Sudarsanam
and Winston 2000). Therefore, reduced expression of
ARIDIA can result in dysfunction of the SWI/SNF com-
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plex and, consequently, inhibit transcription of various
genes. Recently, an ARID1A-inactivating mutation and the
loss of ARID1A protein expression were identified as fac-
tors involved in tumor progression in various human malig-
nancies (Oike et al. 2013; Wu et al. 2014). In addition,
reduced expression of ARIDIA is associated with epithe-
lial-mesenchymal transition via the repression of the adhe-
sion protein E-cadherin, which is a component of the adher-
ens junction (Yan et al. 2014). However, the correlation
between ARIDIA and E-cadherin expression status in
ESCC has yet to be confirmed. To address this issue, we
evaluated ARID1A and E-cadherin status in ESCC patient
tumor samples using immunohistochemistry. We also
examined the expression status of these proteins in relation
to the clinicopathological features of each ESCC tumor
analyzed, to further explore whether ARID1A expression
correlated with poor prognosis in ESCC patients.

Materials and Methods

ESCC case selection

We selected 95 primary ESCC patients who underwent surgery
without neoadjuvant therapy from January 2000 to December 2005 at
Tohoku University Hospital, Sendai, Japan. We excluded patients
who were diagnosed with final pathological tumor stages, pTla and
pT1b, which could not be clearly assessed via immunostaining and/or
exhibited variant-type components (e.g. a basaloid carcinoma compo-
nent). Consequently, only 83 of the original 95 primary ESCC
patients were included in the study. Patient characteristics are sum-
marized in Table 1. We determined the growth pattern of each tumor
based on the Japanese Classification of Esophageal Cancer (Japan
Esophageal Society 2009). We classified tumor-node-metastasis
(TNM) based on the TNM classification of malignant tumors by the
International Union Against Cancer (Sobin et al. 2009). The Ethics
Committee at Tohoku University School of Medicine approved the
study protocol (Accession No. 2012-1-213), and informed consent
was obtained from individual patients before surgery.

Immunohistochemistry

We conducted immunohistochemistry using a rabbit anti-
ARID1A polyclonal antibody (1:500 dilution; Sigma-Aldrich, USA)
and mouse E-cadherin monoclonal antibody (1:200 dilution; Zymed,
USA). After surgery, resected specimens were fixed using 10% for-
malin solution and embedded in paraffin. The paraffin blocks con-
taining surgical specimens were sectioned (3 um thickness). Sections
were then mounted on slides, deparaffinized in xylene, and dehy-
drated in ethanol. Antigen-retrieval was performed by autoclaving
the slides for 5 min at 121°C, for both ARID1A and E-cadherin stain-
ing. The slides were then washed with PBS and incubated at room
temperature with a protein blocking solution (Histofine Kit; Nichirei,
Tokyo, Japan), and then all slides were reacted with primary antibod-
ies overnight at 4°C. We blocked endogenous peroxidase activity by
applying 0.3% hydrogen peroxidase to the slides for 30 min at room
temperature. Subsequently, for ARID1A labeling, the slides were
incubated with biotinylated goat antirabbit IgG (Nichirei) and then
with horseradish peroxidase-conjugated streptavidin (Nichirei). For
E-cadherin labeling, slides were incubated with peroxidase-labeled
polymer conjugated to goat anti-rabbit IgG (Dako, Denmark). Lastly,
the antigen-antibody complex was visualized using 3,3’-diaminoben-

Table 1. Characteristics of esophageal squamous cell carci-
noma patients.

Group n

Age <63.1 44

(mean = 63.1 years old) >63.1 39

Sex Male 70

Female 13

Tumor size <479 47

(mean = 47.9 mm) >47.9 36

Tumor differentiation Well 17

Moderate 51

Poor 15

'Growth pattern Expansive ('INFa) 21

Intermediate (INFb) 50

Infiltrative (INFc) 12

Lymphatic invasion ly0 25

ly1-3 58

Venous invasion v0 25

vl-3 58

“Tumor depth Tl 17

T2 9

T3 54

T4 3

‘Lymph node metastasis NO 26

N1 32

N2 16

N3 9

“Distant metastasis MO 77

M1 6

*Pathological stage 1A 9
1B

1A 15

1IB 11

1A 22

111B 8

1mc 11

v 6

fGrowth pattern based on Japanese Classification of
Esophageal Cancer, 10th edition (Japan Esophageal Society
2009).

fTumor-node-metastasis (TNM) classification based
on the 7th edition of the TNM classification of malignant
tumors (Sobin et al. 2009).

SAll cases of distant metastasis revealed only metas-
tasis of the supraclavicular lymph nodes.

INF, infiltrative growth pattern.

zidine (1 mmol/L, in 50 mol/L Tris-HCI buffer, pH 7.6, and 0.006%
H,0,) and counterstained using hematoxylin. Gastric mucosa or
breast cancer tissue was used as a positive control for ARIDI1A or
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E-cadherin expression, respectively.

Evaluation of immunohistochemistry

Each specimen was analyzed by two researchers (Y.O. and Y.N.)
in a blinded manner, where the researchers had no prior knowledge of
the patient’s clinical data or outcome. ARIDIA and E-cadherin
expression was confirmed by nuclear and membrane immunopositiv-
ity, respectively. Five different high-power fields were analyzed per
slide, each field including more than 100 carcinoma cells. An H-score
was calculated according to the percentage of positive cells and rela-
tive immuno-intensity. Relative immuno-intensity was evaluated and
scored according to the following criteria: 0, completely negative; 1+,
weak; 2+, moderate, and 3+, marked immunoreactivity. The H-score
was calculated by multiplying the percentage of positive cells to the
immuno-intensity score (H-scored ranged from 0 to 300).

In order to analyze the association between protein expression
status and ESCC patient survival, slides with H-scores lower than the
median were tentatively categorized as the “low expression group,”
while those with H-scores greater than the median were the “high
expression group.”

Statistical analysis

We used a Student’s #-test and one-way ANOVA to analyze the
correlation between ARID1A or E-cadherin expression and the fol-
lowing clinicopathological factors: tumor size, tumor differentiation,
growth pattern, tumor depth, pathological stage, extent of invasion,
and metastasis. If the clinicopathological variable consisted of more
than 3 factors, we used the one-way ANOVA method. To evaluate the
correlation between ARIDI1A and E-cadherin expression, the
Spearman rank correlation coefficient was used. P < 0.05 was con-
sidered statistically significant. Survival curves were determined
using the Kaplan-Meier method, and statistical significance was cal-
culated using a log-rank test. All the statistical analyses were per-
formed using JMP Prol1 software (SAS Institute, Cary, CA, USA).

Results

ARIDIA and E-cadherin immunoreactivity in ESCC
patients

In carcinoma cells, we detected ARID1A immunoreac-
tivity in the nucleus (Fig. 1), while E-cadherin was mainly
expressed in the cell membrane (Fig. 2). ARIDIA was
almost homogenously detected in the tumor area examined.
Median H-scores of ARIDIA and E-cadherin expression
were 100.6 (= 5.40) and 13.6 (+ 2.79), respectively. The
distribution of ARID1A and E-cadherin H-scores are sum-
marized in Table 2.

The correlation between the status of ARID1A or E-cadherin
expression and clinicopathological factors of ESCC
patients

The average H-score of tumors with an expansive
growth pattern (INFa), intermediate growth pattern (INFb),
and infiltrative growth pattern (INFc) were 122.6 (+ 10.4),
106.6 (£ 6.7), and 74.7 (£ 13.7), respectively. There was a
significant positive correlation between ARID1A expression
and the growth pattern of cancer in ESCC patients (P =
0.025; Table 3). The ARIDIA expression status of INFc
tumors was significantly lower than tumors with INFa (P <
0.01) or INFb (P < 0.05) (Fig. 3). In contrast, E-cadherin
status did not correlate with the infiltrative growth pattern
of ESCC (Table 3). No other clinicopathological factor sig-
nificantly correlated with ARID1A expression status (Table
3), except that lower ARID1A status tended to be correlated
with increased tumor size and prevalence of distant metas-
tasis (P = 0.071 and 0.051, respectively). Lymph node
metastasis and E-cadherin status also tended to be corre-
lated but did not reach statistical significance (P = 0.081)

ARID1A

A: positive control
B: 0; negative

C: 1+; week

D: 2+; moderate
E: 3+; marked

(A-E) Immunoreactivity of ARID1A was detected in the nuclei. The positive control (gastric mucosa) illustrated in (A).
Negative staining (score 0) in tumor cells illustrated in (B). Week staining (score 1+) illustrated in (C). Moderate stain-
ing (D) was defined as more clearly staining than 1+ in nuclei, but distribution was heterogeneously (yellow arrows).
Marked staining (E) was defined as strong and homogenously staining in nuclei (red arrows). Scale bars represent 100

pm.
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B Z
' E-cadherin
A: positive control
B: 0; negative
C: 1+; week
D: 2+; moderate
E: 3+; marked
C D
Fig. 2. Immunoreactivity and the localization of E-cadherin in esophageal squamous cell carcinoma tissues.
Immunoreactivity of E-cadherin was detected in the cell membrane. The positive control (breast cancer) illustrated in
(A). Tumor cells are illustrated according to immunointensity (B-E). Scale bars represent 100 um.
Table 2. Distribution of ARID1A and E-cadherin immunostaining (H-score).
H;j 1
Range Mean Median SE High Low
expression expression
ARID1A 20.8-233.4 106.1 +5.40 42 (51%) 41 (49%)
E-cadherin 0.4-122 20.9 +2.79 41 (49%) 42 (51%)

ARID1A expression (H-score)

fHigh and low expression groups were classified according to the median values.

ISE, standard error.

* %
250 | |
*
- ﬁ
-
200+ : .
. ‘.
150 - .
i | 9'.. .
100 .
50.
1 **p <001
*P<0.05
0
INFa INFb INFc

Infiltrative growth pattern

Fig. 3. The expression status of ARIDIA is associated with

the infiltrative growth pattern of esophageal squamous
cell carcinoma.
The mean ARIDIA expression in patients with INFc was
significantly lower than in those with INFa (P < 0.01) or
INFb (P < 0.05). In the graph, the dots represent the dis-
tribution of patients, error bars represent standard error.

(Table 3). Importantly, ARIDIA and E-cadherin expression
levels were not correlated (Fig. 4).

The association between ARIDIA or E-cadherin status and
patient survival

We used the Kaplan-Meier method to investigate
whether ARID1A or E-cadherin expression levels were
associated with patient survival rate. However, the overall
survival and cause-specific survival rates were not signifi-
cantly different between patients in the high and low
expressing ARIDIA groups (Fig. SA and B). However,
patients with tumors expressing low levels of E-cadherin
exhibited significantly lower survival rates than those with
high expression (Fig. 5C and D). We also evaluated the
survival data of the patients according to their tumor growth
patterns. INFc group tended to be associated with a lower
survival rate but this did not reach statistical significance
(Fig. 6).

Discussion

In present study, we investigated the relationship
between ARIDIA expression status, clinicopathological
factors of ESCC tumors, and patient survival rate.
E-cadherin expression was also evaluated because a rela-
tionship between the loss of ARIDIA expression and
reduced E-cadherin expression was recently reported in
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Table 3. Correlation between ARID1A and E-cadherin expression and clinicopathological factors.

. ARID1A E-cadherin
Variable (+ SE) P-value (+ SE) P-value
Tumor size (mm) <479 114.6 (£7.1) 222 (+£3.7)
P=.071 P=.606
>479 94.9 (+8.1) 19.3 (+4.3)
Tumor differentiation Well 118.6 (= 12.0) 18.0 (£ 6.1)
Moderate 103.4 (£ 6.9) P=.500 24.6 (+3.54) P=.200
Poor 100.9 (£ 12.8) 11.8 (£6.5)
Growth pattern INFa 122.6 (£ 10.4) 21.0 (+5.6)
INFb 106.6 (£ 6.7) P=.025*% 22.3(£3.6) P=.669
INFc 74.7 (£ 13.7) 149 (x=7.4)
Lymphatic invasion ly0 98.3 (9.9 224 (5.1
vmp g ( ) P=.349 ( ) P=.731
lyl-3 109.4 (£ 6.5) 20.3 (£3.4)
Vessel invasion v0 104.7 (£ 9.9) 21.8 (£5.1)
P=.872 P=.3834
v1-3 106.6 (+ 6.5) 20.5 (£3.4)
Tumor depth T1/T2 111.1 (£9.7) 23.4 (+5.0)
P=.36 P=.554
T3/T4 103.8 (£ 6.5) 19.8 (£3.4)
Lymph node metastasis NO 100.0 (£9.9) 28.4 (£5.0)
P=.467 P=.081
N1-3 108.7 (£ 6.5) 17.7 (£3.3)
Distant metastasis MO 109.0 (£5.5) 21.5(£2.9)
P=.051 P=.460
M1 68.4 (+19.7) 13.5 (£ 10.4)
Pathological stage /11 105.9 (£ 8.3) 22.4 (+£4.3)
P=.972 P=.644
/v 106.2 (+7.2) 19.8 (£3.7)
INF, infiltrative growth pattern.
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Fig. 4. The relationship between ARID1A and E-cadherin expression.

The correlation between ARID1A and E-cadherin expression was not significant. The Spearman rank correlation coeffi-

cient was 0.02 and P-value was 0.585.
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Fig. 5. Patient survival curves, generated using the Kaplan-Meier method.
(A, B) Overall and cause-specific survival were not significantly different in the patients with high or low ARID1A
immunoreactivity. (C, D) However, a statistically significant difference in both overall and cause-specific survival was
determined in the patients according to their E-cadherin status.
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Fig. 6. Patient survival curves according to infiltrative growth patterns.
The INFc group had a reduced survival rate compared with the INFa and INFb groups, but the difference was not statis-
tically significant in both the overall (A) and cause-specific survival (B).

gastric cancer (Yan et al. 2014).

Interestingly, in the present study, ARID1A expression
was significantly decreased in ESCC tumors with INFc (the
infiltrative growth pattern). In addition, the ARIDIA
expression status in patients with INFc tumors was signifi-
cantly lower than that in patients with INFa or INFb tumor
growth patterns. The infiltrative growth patterns were clas-
sified according to the Japanese Classification of
Esophageal Cancer (Japan Esophageal Society 2009). The
growth patterns of carcinoma tissues have important impli-
cations in patient prognosis. Indeed, infiltrative growth pat-

terns are recognized as an important prognostic factor in
several carcinomas, including ESCC (Maehara et al. 1994;
Ooki et al. 2007; Morikawa et al. 2012). In our present
study, the cause-specific survival rate tended to be lower in
the INFc group compared to the INFa and INFb groups but
this difference did not reach statistical significance. This
could be due to the relatively small sample size of the
patients examined, as there were only 12 patients in the
INFc group. Therefore, at least for the primary lesion, the
results of our present study indicate that decreased ARIDIA
expression may contribute to infiltrative growth in ESCC
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tumors.

Unexpectedly, the status of ARID1A did not correlate
with E-cadherin status nor did E-cadherin status correlate
with the infiltrative growth pattern in our present study. In
contrast to our results, a previous study reported decreased
E-cadherin expression as a possible mechanism underlying
the infiltrative growth pattern characterized in ESCC
(Kadowaki et al. 1994). A recent report showed that
reduced ARID1A expression was associated with epithelial-
mesenchymal transition through the repression of E-
cadherin in gastric cancer (Yan et al. 2014), suggesting that
ARIDIA could regulate E-cadherin expression via regula-
tion of gene transcription. However, in ESCC, transcrip-
tional proteins such as Slug, Snail, and Twist were well
known regulators of E-cadherin expression (Uchikado et al.
2005; Natsugoe et al. 2007; Sasaki et al. 2009; Gong et al.
2012). Therefore, the results of our present study indicated
that ARIDIA was not just a transcriptional regulator of
E-cadherin in ESCC, and the elucidation of ARIDIA func-
tion in ESCC requires further investigation.

We analyzed the survival rate of the patients according
to their ARIDIA and E-cadherin expression status. The
survival rate of patients with low E-cadherin expression
was significantly lower than that of patients with high
expression, which is consistent with a previous report (Lin
et al. 2009). However, ARID1A did not appear to influence
patient survival in ESCC. Wu et al. (2014) reviewed the
association between a better prognosis and Epstein-Barr
virus (EBV) infection or microsatellite instability that was
correlated with loss of ARIDIA. We did not specifically
test for EBV infection, which may account for our findings.

To the best of our knowledge, this is the first study to
report the expression of ARIDIA in ESCC tissue speci-
mens. Decreased ARID1A expression positively and sig-
nificantly correlated with infiltrative growth in ESCC
patients. And these findings may occur without loss of the
E-cadherin expression mechanism. However, to validate
this hypothesis, further investigation into the role of
ARIDI1A in ESCC is required.
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