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Background: Non-small cell lung cancer INSCLC) is the main type of lung cancer and NSCLC patients
always have a low 5-year survival rate. It is vital to identify a biomarker for the prognosis of NSCLC patients.
AT-rich interaction domain la (ARIDI1A) is a tumor suppressor that is involved in the progression of a
variety of tumors.

Methods: The ARIDIA protein level in NSCLC tissues and paracancerous normal lung (PCNL) tissues
were detected with immunohistochemistry (ITHC) and western blotting (WB). The y’ test and Spearman’s
rank correlation analysis were carried out to examine the association between ARIDI1A expression and the
clinicopathological features of NSCLC. The Kaplan-Meier method and log-rank test were used to compare
overall survival (OS) in the ARID1A low expression group and the ARID1A high expression group.
Results: The results of WB and IHC demonstrated that the ARIDIA protein level was significantly
reduced in NSCLC tissues compared with PCNL tissues (P<0.05). The low expression of ARIDIA in
NSCLC tissues was significantly associated with poor differentiation (P=0.005), smoking (P<0.001),
lymphatic invasion (P=0.013), distant metastasis (P=0.010), and high TNM stage (P=0.001). The overall five-
year survival rate of NSCLC patients was lower in the ARIDIA low expression group than in the ARIDIA
high expression group. Multivariate analysis showed that the expression of ARID1A had an independent
prognostic impact on OS (P=0.024).

Conclusions: ARIDIA may be a novel biomarker for predicting the prognosis of NSCLC patients.
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Introduction

As the leading global cause of cancer-related death, lung
cancer receives a considerable amount of attention from
clinicians and researchers. Non-small cell lung cancer
(NSCLC) comprises 80% of all lung cancer cases (1).
Lung cancer patients may be treated through surgery,
chemotherapy, radiotherapy, or best supportive care
(BSC) (2). Despite the progress that has been made

© Translational Cancer Research. All rights reserved.

in understanding the biological characteristics of lung
cancer and in generating new lung cancer therapies, the
S-year overall survival (OS) rate is suboptimal for lung
cancer patients (3). Therefore, novel effective treatments
are urgently needed to be developed. Numerous efforts
have been made to improve the treatment efficacy for
patients with advanced NSCLC. Identifying the biological
and molecular diversity of lung cancer would help to
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improve traditional treatment modalities and support the
development of novel targeted therapies.

AT-rich interaction domain 1A (ARID1A) is a tumor
suppressor gene. Some studies have found that when its
expression is dysregulated, ARIDIA is involved in the
progression of various tumors (4), such as the ovarian,
endometrial epithelium (5), esophageal (6), breast (7),
gastric (8), liver (9), pancreatic (10), bladder, and prostate
cancer (11). However, there is little information regarding
the role ARIDIA plays in NSCLC, and the relationship
between ARID1A and the clinicopathological features and
prognosis of NSCLC patients has yet to be fully clarified.
This study aimed to observe the expression of ARIDIA in
tumor specimens from human NSCLC patients and assess
the clinicopathological significance of ARID1A in NSCLC,
in an attempt to discover the potential impact of ARID1A
on the occurrence of NSCLC.

We present the following article in accordance with the
REMARK reporting checklist (available at http://dx.doi.
org/10.21037/tcr-20-2263).

Methods
Patient samples

Tumor specimens were collected from 108 patients (56 men
and 52 women) with NSCLC who were treated in the
Department of Thoracic Surgery at Jiangxi Chest Hospital
between April, 2008, and April, 2009. The average age
of the patients at the time of surgery was 61 years (range,
42-81 years) old. None of the patients had received
chemotherapy or radiotherapy before surgery. 1uble 1 shows
the patients’ characteristics and clinicopathological features.
The 108 NSCLC cases were diagnosed by two experienced
pathologists according to the histological classification
criteria of the World Health Organization. All cases were
staged and graded according to the 7th edition [2009] of
the tumor, node, metastasis (TINM) classification system
of the International Union Against Cancer (UICC) (12).
The patients underwent radiological examination to
determine whether there was distant metastasis. The 108
tumor specimens and 108 paracancerous normal lung
(PCNL) tissues specimens were removed from the resected
lung tissue at the time of surgery. The PCNL tissue was
evaluated microscopically to determine the presence of
normal cells and absence of atypical proliferative cells
and was collected more than 5 cm from the edge of the
tumor. The tissue specimens were excised within half an
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hour, and then divided into two parts: one part was frozen
in liquid nitrogen for western blotting and the other part
was fixed in 10% formalin for immunohistochemistry. In
addition, 20 normal lung tissues were obtained from healthy
living donors in our hospital. The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). The study was approved by Ethics Committee of
Jiangxi Chest Hospital, Gan Xiong Lun Shen Zi [2016]
No.4. Because of the retrospective nature of the research,
the requirement for informed consent was waived.

Immunobistochemistry

Paraffin-embedded specimens were cut into 4-pm sections.
Then, the protein expression of ARIDA1 was detected
using immunohistochemistry with polyclonal rabbit anti-
ARID1A antibody (HPA005456; Sigma-Aldrich, St Louis,
MO, USA). The tissues were deparaffinized in xylene and
rehydrated in alcohol. Following that, they were infiltrated
in 3% hydrogen peroxide for 5 min. The sections were
heated (100 °C) in 0.01 mol/L sodium citrate buffer (pH
6.0) for 30 min and rinsed 3 times for 5 min in phosphate
buffered saline (PBS). The sections were incubated
overnight at 4 °C with anti-ARID1A antibody diluted 1:200,
and then incubated again with biotin-labeled secondary
immunoglobulin at room temperature for 2 h. Finally, the
color was developed with diaminobenzidine (DAB; DAKO,
Glostrup, Denmark).

Three researchers used an Olympus BX51 microscope
(Olympus, Center Valley, PA) to determine the
immunohistochemical staining score (ISS) based on
staining intensity and frequency. The staining intensity
(SI) was classified as follows: 0 (negative); 1 (weak); 2
(moderate); and 3 (strong). The staining frequency (SF)
was classified as 0 (no stained cells); 1 (1-25% of stained
cells); 2 (25-50%); 3 (51-75%); and 4 (>75%). ISS values
were obtained using the following calculation method: ISS
= SI x SF. Immunoreactivity was classified according to
ISS as: 0, negative (-); 1-4, weak (+); 5-8, moderate (++);
and 9-12, strong (+++). The observers who evaluated the
immunohistochemical staining results were kept blinded to
the clinical characteristics and pathological parameters of
the patients and each observers obtained similar results.

Western blotting

Total protein was extracted with lysate containing protease
inhibitors, and western blotting was performed on 32
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Table 1 Clinicopathological correlations of ARID1A protein expression in NSCLC tissues

ARID1A expression

Clinical parameters Total Y P value®
High level Low-moderate level Absent

Sex 0.059 0.971
Male 56 5 23 28
Female 52 4 22 26

Age (years) 3.069 0.216
>50 50 2 24 24
<50 58 7 21 30

Tumor size (cm) 2.333 0.312
<3 62 3 27 32
>3 46 6 18 22

Histological type 2.192 0.334
Squamous cell carcinoma 51 4 25 22
Adenocarcinoma 57 5 20 32

Smoking 22.140 <0.001*
Yes 60 6 36 18
No 48 3 9 36

Differentiation 10.800 0.005*
Well/moderate 70 8 35 27
Poor 38 1 10 27

Lymphatic invasion 8.756 0.013*
Negative 65 7 33 25
Positive 43 2 12 29

Distant metastasis 9.267 0.010*
Mo 71 7 36 28
M1 37 2 9 26

TNM stage 13.768 0.001*
Stage I/11 63 7 34 22
Stage III/IV 45 2 11 32

° statistical analyses were performed by the Pearson X2 test; *, P<0.05 was considered significant. ARIDIA, AT-rich interaction domain 1a;

NSCLC, non-small cell lung cancer.

randomly selected paired NSCLC and PCNL tissue
specimens. The total protein was separated using glycine-
SDS-polyacrylamide gel and transferred to polyvinylidene
fluoride (PVDF) membranes. The PVDF membranes were
blocked with TBST (tris-buffered saline containing 0.1%
Tween-20) containing 5% skim milk for 2 h. Polyclonal
rabbit anti-human ARIDIA (Sigma-Aldrich, St. Louis, MO,
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USA) was diluted 1:200, rabbit anti-p-actin (Sigma-Aldrich,
St. Louis, MO, USA) was used as an internal reference at
a dilution of 1:1,000. Then, the PVDF membranes were
incubated with the diluted antibody at 4 °C overnight. The
next day, the membranes were washed 3 times in TBST
for 5 min each, and then incubated with a peroxidase-
conjugated goat anti-rabbit secondary antibody (1:1,000

Transl Cancer Res 2020;9(8):4896-4905 | http://dx.doi.org/10.21037/tcr-20-2263



Translational Cancer Research, Vol 9, No 8 August 2020

dilution, Sigma-Aldrich) at room temperature for 2 h. The
color was developed using a chemiluminescence system
(Pierce, Rockford, IL, USA), and the film was displayed
by enhanced chemiluminescence (Amersham Biosciences,

Piscataway, NJ, USA).

Predictor and patient follow-up

After surgery, each patient was scheduled for follow-up
examination, including physical examination, complete
blood count, liver and kidney function examination and
chest X-ray examination. The patients were follow-up
once every 4 months for the first year, once every 6 months
for the second year, and once a year thereafter. Outcome
variables included tumor progression and cancer-related
death. Event cases included patients whose tumors
progressed or patients who died from metastasis cancer.
Reviewed cases included patients for whom no endpoints
were observed or patients for whom outcome status data
were not available in the medical records. OS was measured
from diagnosis to death or last follow-up (5 years). Patient
deaths were determined by family report and verified by
a review of the public records. The median follow-up of
surviving patients was 31 months (range, 2-63 months).

Statistical analysis

Statistic data were analyzed using the SPSS 19.0
(SPSS, Chicago, IL, USA). Descriptive statistics data
were expressed as mean + SD (standard deviation) and
significance was defined as P<0.05. The correlation
between ARID1A expression and the clinicopathological
features of the NSCLC patients was analyzed using the y’
test. Spearman’s rank correlation analysis was carried out
to examine the relationship between ARID1A expression
and TNM stage. The Kaplan-Meier method was used to
calculate survival, and differences in survival between groups
were examined using log-rank analysis. Multivariate analysis
of several independent prognostic factors was performed
using Cox proportional hazards regression models.

Results
Protein expression level of ARID1A

First, the protein expression of ARID1A in 108 NSCLC
tissues and PCNL tissues and 20 normal lung tissues by
immunohistochemistry was observed. Positive ARID1A
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protein expression was detected in all normal lung tissues,
91.7% (99/108) of PCNL tissues (Figure 14,B), and 50.0%
(54/108) of NSCLC tissues. ARID1A protein levels were
low in most of the NSCLC tissues (Figure 1C,D). Table 2
illustrates the results of immunohistochemistry. The ISS
of the NSCLC tissues was significantly lower than that of
the PCNL tissues or the normal control group (P<0.001).
There was no statistical significance between the PCNL
tissue and the normal control group (P>0.05).

Then the 32 pairs of NSCLC tissues and PCNL
tissues were randomly selected, and western blotting was
performed to detect the protein expression of ARIDIA.
The results were similar to those of immunohistochemistry.
The ARIDIA protein expression value was expressed as
the ratio of ARID1A/B-actin intensity. Compared with the
PCNL tissues, 78.1% (25/32) of the NSCLC tissues had
decreased ARID1A protein expression. Figure 24 illustrates
the western blotting results of six typical cases. The mean
protein expression level of ARIDIA in the 32 NSCLC
tissues was significantly lower than that in the PCNL tissues
(P<0.05, Figure 2B).

The relationship between ARID1A expression and the
clinicopathological features of NSCLC

Table 1 illustrates the relationship between the expression
of ARIDIA and the main clinicopathological features of
the NSCLC patients. A significant correlation was found
between the decrease in ARIDIA expression and smoking
(P<0.001), histological differentiation (P=0.005), lymphatic
invasion (P=0.013), distant metastasis (P=0.010), and TNM
stage (P=0.001). However, the expression of ARIDIA in
NSCLC tissues was not significantly correlated with age,
gender, tumor size, or histological type (P>0.05).

Next, Spearman’s rank correlation analysis was used to
explore the relationship between the expression of ARIDIA
in NSCLC tissues and TNM stage. Table 3 illustrates
that the expression of ARID1A was negatively correlated
with TNM stage; the more advanced the TNM stage, the
lower the expression level of ARIDIA in NSCLC tissue
(rs=-0.366, P<0.001).

The expression of ARID1A and survival rates

Figure 3 illustrates the prognostic impact of ARIDIA on
OS. Based on the results of immunohistochemistry, the
NSCLC patients were divided into the ARID1A negative
and weak positive (- to +) groups and the ARIDI1A strong
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Figure 1 Immunohistochemical images of ARID1A in NSCLC, PCNL and normal lung tissue (x400). (A) Normal lung tissues; (B) PCNL;
(C,D) NSCLC: weak expression in (C) and negative in (D). ARIDIA, AT-rich interaction domain 1a; NSCLC, non-small cell lung cancer;

PCNL, paracancerous normal lung.

Table 2 ARID1A expression compared in NSCLC, paracancerous and lung normal tissues

ARID1A expression

Clinical parameters Number Positive rate (%)
- + ++ +++

NSCLC" 108 54 32 13 9 50.0

Paracancerous tissues’ 108 9 27 32 40 91.7

lung normal tissues’ 20 0 2 6 12 100.0

Statistical analyses were performed by the Pearson x2 test; P<0.05 is considered significant. a/b: P<0.05 (x2=60.201, P<0.001); a/c: P<0.05
2 2
(x =43.573, P<0.001); b/c: P>0.05 (x =5.534, P=0.137). ARIDIA, AT-rich interaction domain 1a; NSCLC, non-small cell lung cancer.

positive expression (+ to +++) groups. In the negative and
weak positive (- to +) groups, there were 86 cases, out of
whom 53 died; the 5-year OS rate was 53.6%. In the strong
positive expression group (++ to +++) group, there were
22 cases, out of whom 10 died; the 5-year OS rate was
79.2%. The results showed that the lower the expression of
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ARID1A, the worse the prognosis of the patients (Figure 34,
x'=134.448, P<0.001). Next, the survival time was analyzed
based on ARIDI1A expression. The expression of ARID1A
had no significant relationship with OS in stage I patients
(Figure 3B; x’=2.378, P=0.123). However, in patients
with stages II to IV, the lower the ARID1A expression,

Transl Cancer Res 2020;9(8):4896-4905 | http://dx.doi.org/10.21037/tcr-20-2263



Translational Cancer Research, Vol 9, No 8 August 2020

A 1 2 3

ARID1A

B R
B-actin D R T

4 5 6
T N

T N T N
S - -
B-actin .----

4901

0.035 1
0.030 1
0.025 1
0.020 1

0.015 9

0.010 1

ARID1A protein/B-actin

0.005 +

NSCLC PCNL

Figure 2 ARIDIA protein level was analyzed by western blotting in NSCLC (T) and PCNL (N). (A) Expression results of ARID1A in 6
groups; (B) the values represent the ratio of ARID1A/B-actin. *, P<0.05, compared with NSCLC. ARIDIA, AT-rich interaction domain 1a;

NSCLC, non-small cell lung cancer; PCNL, paracancerous normal lung.

Table 3 Correlation analysis ARTD1A expression in NSCLC and TNM stage

NEDD9 expression

TNM stage Total rs P value’
- + ++ +++

| 8 8 7 5 28 -0.366 <0.001*

Il 14 17 2 2 35

1 14 3 1 2 20

\Y, 18 4 3 0 25

Total 54 32 13 9 108 - -

° statistical analyses were performed by the Pearson X2 test; *, P<0.05 was considered significant. ARIDIA, AT-rich interaction domain 1a;

NSCLC, non-small cell lung cancer.

the shorter the OS of the patients (Figure 3C, x'=50.727,
P<0.001; Figure 3D, y’=103.971, P<0.001; Figure 3E,
%’=60.714, P<0.001). These results indicate that ARID1A
may have a considerable impact on patients with advanced
NSCLC.

Table 4 illustrates the Cox regression analysis that was
performed to investigate differences in response rates
between patients with certain clinical factors. Univariate
analysis revealed clinical variables, including tumor
stage (P=0.035), lymphatic infiltration (P=0.044), tissue
differentiation (P=0.033), tumor size (P=0.035), smoking
(P=0.043), and ARIDI1A expression (P=0.011) were
significantly correlated with OS. Multivariate analysis
showed that the expression of ARID1A could be used as an
independent predictor of OS in NSCLC patients.
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Discussion

As the most common cause of cancer-related death, lung
cancer is a disease of global concern. The most common
cause of lung cancer is smoking, and is associated with
environmental exposures (including secondhand smoke,
pollution, and occupational carcinogens) as well as genetic
susceptibility (13). NSCLC is a molecularly heterogeneous
disease, and understanding its biological characteristics
is essential for the treatment and prognosis of cancer.
A number of molecular markers have been found to
be strongly associated with poor prognosis in patients
with NSCLC, such as over-expression of growth factor
receptor (14) and low-expression of xeroderma pigmentosum
group G (15). Compared with normal lung tissues, we
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Figure 3 Kaplan-Meier overall survival analysis of NSCLC patients. (A) All 108 NSCLC patients; (B,C,D,E) NSCLC patients TNM stage:
(B) TNM L; (C) TNM II; (D) TNM III; (E) TNM IV. NSCLC, non-small cell lung cancer.

Table 4 Cox proportional hazards model analysis of prognostic factors

Univariate analysis

Multivariate analysis

Variables A a
HR 95% Cl P value HR 95% Cl P value
Age 1.456 0.898-2.639 0.172 - - -
Sex 0.878 0.396-1.568 0.588 - - -
Histological type 0.665 0.254-1.627 0.643 - - -
TNM stage 2.021 1.050-3.887 0.035* 2.357 0.695-3.895 0.064
Lymphatic invasion 2.594 1.368-3.215 0.044* 1.205 0.224-2.350 0.724
Differentiation 2.050 1.002-3.886 0.033* 1.996 0.014-3.635 0.442
Tumor size 1.776 1.050-2.534 0.035* 2.187 0.352-4.136 0.822
Smoking 2.661 1.362-3.199 0.043* 1.535 0.091-3.235 0.075
ARID1A expression 2.889 1.224-5.127 0.011* 2.357 1.315-4.895 0.024*

° statistical analyses were performed by the Cox regression analysis; *, P<0.05 was considered significant.
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found that the expression of ARID1A was lower in NSCLC
tissues, and that low expression of ARIDIA was closely
related to poor prognosis of NSCLC patients, and our study
provided a basis for ARIDIA as a prognostic biomarker for
NSCLC.

ARIDIA can encode the BAF250A protein, which
interacts with various other proteins, such as BRG1
and BRM adenosine triphosphatase to form SWI/SNF
chromatin remodeling complex. This complex is crucial
in regulating gene expression, cell development, cell
differentiation, and tumor suppression. BAF250A is one
of the subunits of the SWI/SNF complex (5). Moreover,
the discovery that ARIDI1A is dysregulated in a variety of
cancers has recently led to it becoming a research hotspot
(5-11), and there is increasing evidence that ARID1A
may function as a tumor suppressor (16). Dysregulation
of ARIDIA expression has been observed in many
gynecological and non-gynecological tumors. We also
found dysregulation of ARIDI1A expression in NSCLC.
Immunohistochemistry and western blotting demonstrated
that the expression of ARIDIA in NSCLC tissues was
decreased significantly compared with PCNL tissues and
normal lung tissues. To be specific, the lower the protein
expression level of ARIDIA in NSCLC tissues, the worse
the tumor differentiation. Furthermore, the expression
level of ARIDIA was also negatively correlated with some
other important clinical parameters in the specimens, such
as lymph node infiltration, distant metastasis, and TNM
stage (all P<0.05). Therefore, ARID1A may be a potential
diagnostic biomarker for NSCLC. These results also
suggest that ARID1A may inhibit the cancer progression of
NSCLC.

"To date, the mechanism by which ARID1A expression is
dysregulated and its role in carcinogenesis have remained
unclear. Restoring wild-type expression levels of ARIDIA
can significantly suppress ovarian cancer cells and gastric
cancer cells migration and invasion (5,17). Some studies
involving leukemia cell lines have shown that knocking
out ARIDIA can increase resistance to Fas-mediated
apoptosis (18). At the molecular level, Guan ez 4/. found
that the ARID1IA/BRG1 complex binds to p53 and
regulates several downstream effectors encoded by p21 and
SMAD?3 (5). Meanwhile, ARIDIA can also regulate the
activity of the PI3K pathway in endometrial cancer cell
lines (19). When ARIDIA is overexpressed, it can inhibit
glioma cell proliferation as well as reduce the expression
of p-AKT and p-S6K through the phosphatidylinositol
3-kinase pathway (20). In a recent report, Yokoyama
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et al. demonstrated that loss of ARID1A is related to
chemoresistance in epithelial ovarian cancer (21). The
finding implies that further analysis of ARIDIA expression
status may contribute to reducing the probability of
resistance to platinum-based chemotherapy regimens, and
may also improve sensitivity to PI3K/AKT inhibitors.
PI3K/AKT inhibitors are likely to become a new way
to overcome chemoresistance in patients with ARIDIA-
deficient tumors. However, the precise mechanism by which
ARIDI1A is involved in NSCLC is not clear. Subsequent
studies should focus on the precise mechanism of ARIDI1A
in tumorigenesis, which may improve the diagnosis and
treatment of ARIDIA patients.

Our study found that the 5-year OS rates of the ARID1A
negative and weak-positive (- to +) groups were significantly
higher than that of the ARID1A strongly positive (++ to
+++) group. Spearman’s rank correlation analysis was used
and found that the lower the ARID1A in NSCLC, the
more advanced the clinical TNM stage. The results of
univariate survival analysis showed that decreased ARID1A
expression was significantly associated with prognosis. The
results of multivariate survival analysis suggested that the
expression of ARIDIA could be used as an independent
factor for predicting the prognosis of NSCLC; when
ARIDI1A expression is low, it may indicate a poor prognosis
for patients. Moreover, Spearman’s rank correlation analysis
indicated that the expression of ARIDIA in NSCLC was
negatively correlated with TNM stage; that is, the lower
the level of ARIDIA expression the later the clinical TNM
stage. These results suggest that ARID1A plays a role in
the development and progression of NSCLC. However,
other findings suggest a more complex role for ARIDIA in
tumorigenesis. For example, some SWI/SNF components
being oncogenic in some cases (22,23); ARID1A expression
levels are elevated in most liver cancer tumors compared
with adjacent non-cancerous tissues (24); and ARID1A
inactivation promotes epithelial differentiation and prolongs
survival in APC and PTEN-deficient mouse ovarian
cancer models (25). Therefore, the precise mechanism of
ARIDI1A in NSCLC warrants further investigation in order
to provide new ideas for the prognosis or treatment of

NSCLC.

Conclusions

Abnormal ARIDIA expression is common in NSCLC.
In this study, we observed that ARIDIA expression was
significantly decreased in NSCLC tissues compared to
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PCNL tissues. Compared with the ARID1A strong-positive
group, the OS of the ARID1A negative/weak-positive group
was significantly shorter. In summary, our results suggest
that the down-regulation of ARIDIA is correlated with
poor prognosis in NSCLC. ARID1A expression will play an
important role as a predictive biomarker for poor survival.
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