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ABSTRACT

A variety of melanoma-associated antigen-A (MAGE-A) protein are commonly
detected in lung cancers. Their biological function is not well characterized but may
involve cell cycle progression and the regulation of apoptosis. We hypothesized
that MAGE-A9 is involved in the regulation of apoptosis. To test this hypothesis,
we evaluated MAGE-A9 protein expression by immunohistochemical staining and we
assessed the relationship between the expression of MAGE-A9 and clinical pathological
parameters. In addition, we investigated the effect of MAGE-A9 down-regulation in
lung adenocarcinoma. The results showed that a high expression level of MAGE-A9
protein in lung adenocarcinoma tumor cells was related to larger tumor diameter
(P = 0.013) and poor differentiation (P = 0.029). Cox regression analysis revealed
that the expression of MAGE-A9 in lung adenocarcinoma tumor cells (P < 0.001) is an
independent prognostic factor in five-year survival rates. NSCLC cells with silenced
MAGE-A9 had decreased cell proliferation, migration and invasion in cell culture
compared to corresponding control cells. The NSCLC cells showing down-regulated
MAGE-A9 induced the expression of apoptosis-associated proteins. In addition,
MAGE-A9 was associated with resistance to conventional chemotherapeutic agents.
Our findings provide evidence that MAGE-A9 could be a potential therapeutic target
in NSCLC.

INTRODUCTION

Lung cancer is the most frequently occurring
type of cancer and is the leading cause of cancer deaths
worldwide. Lung cancer can be divided into two types:
non-small cell lung cancer (NSCLC) and small cell
lung cancer (SCLC) [1-3]. The prognosis for NSCLC
patients is highly dependent on the stage at diagnosis.
Despite efforts to develop early screening tools, a
majority of tumors are detected at an advanced stage,
and approximately 85% of these cancers are identified
as NSCLC [3-4]. Although multi-model treatment
strategies including surgery, chemotherapy, radiotherapy
and immunotherapy are used, the prognosis of these
patients remains poor, with a 5-year overall survival rate
of approximately 10% and a median survival time of 16
to 18 months [2, 5]. With recent developments in gene

transfer technology, gene- targeted therapy is expected to
become the good treatment for NSCLC [6]. Therefore, it
is necessary to explore novel biological molecular markers
for predicting the progression of NSCLC and aiding
targeted therapy.

The MAGE (melanoma-associated antigen) gene is
part of a group of tumor-associated antigens and was the
first discovered for melanoma. The family is composed
of genes that all share a homologous MAGE-conserved
domain of approximately 200 amino acids. In humans,
the family contains 37 protein-coding genes. Based on
differences in tissue-specific gene expression and gene
structure, MAGE genes are classified as type I (MAGE-A,
MAGE-B, and MAGE-C) and type II (MAGE-D,
MAGE-E, MAGE-F, MAGE-H, MAGE-L and NDN)
genes [7-8]. Type II MAGEs are almost universally
expressed in normal tissues and cancer cells [9-10]. Type

www.impactjournals.com/oncotarget

4871

Oncotarget



I MAGE genes expression is restricted to a small number
of normal tissues such as spermatocytes, placenta, and
certain stages of embryonic development [9-10]. Type
I MAGE genes are silent or expressed at low levels in
normal adult tissues but are re-expressed in selected
tumor types [11—12]. Because of this particular expression
pattern, type I MAGE genes are categorized as members
of the cancer/testis antigen (CTAg) gene family [13—15].
Its potential immunogenicity offers possible research
directions that may lead to a therapeutic vaccine [16—19].
Because MAGE genes are not expressed in normal adult
tissues, except in testes and placenta, where they are
expressed in a large variety of neoplastic lesions, MAGE
genes are considered tumor-specific antigens and ideal
targets for cancer immunotherapy [20-21]. These antigens
are presented on the cell surface by MHC-II molecules and
identified by cytotoxic T lymphocytes (CTLs). Therefore,
this is an ideal target molecule for CTL mediated-specific
immune therapy [22-23].

MAGE-A is a multigene family consisting of 12
homologous genes MAGE-A1 to MAGE-A12 located
at chromosome Xq28 [15, 24]. Studies have shown
some of the MAGE-A genes are expressed in NSCLC
and have become targets for lung cancer immuno-
therapy [25-27]. MAGE-A9 is frequently expressed in
urinary tumors and can provide prognostic information
in bladder cancer and renal cell carcinoma. In addition,
MAGE-A9 is overexpressed in laryngeal squamous cell
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carcinoma, cutaneous T-cell lymphomas, esophageal
adenocarcinomas, and hepatocellular carcinoma [28-34].
To the best of our knowledge, MAGE-A9 expression in
lung adenocarcinoma and its correlation with clinical
parameters have not been evaluated to date. Thus, we
detected MAGE-A9 expression in lung adenocarcinoma
samples to analyze the associations between MAGE-A9
expression and clinicopathologic data in a group of
patients with lung adenocarcinoma. In addition, we
explored the effect of MAGE-AS9 silencing in vitro.

RESULTS

The expression of MAGE-A9 in lung
adenocarcinoma by IHC analysis

Our previous research showed high expression
of MAGE-A9 in tumor and stromal cells of non-small
cell lung correlates with poor survival [35]. Here we
performed IHC analysis to examine MAGE-A9 expression
in lung adenocarcinoma. Positive staining for MAGE-A9
was mainly localized to tumor cells in the cytoplasm and
the nucleus at different levels. High MAGE-A9 expression
was detected in 42.78% of lung adenocarcinoma tissues
(77/180) compared to 22.34% of matched tumor-adjacent
tissues (21/94) (y* = 11.226, P = 0.001). Typical IHC
staining patterns for MAGE-A9 in lung adenocarcinoma
are shown in Figure 1.
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Figure 1: Representative patterns of MAGE-A9 protein expression in lung adenocarcinoma and adjacent noncancerous
tissues. (A1) and (A2) show positive staining in the cytoplasm and nucleus. (B1) and (B2) show a negative IHC reaction. Original

magnification: (A1-B1) x40; and (A2-B2) x400.
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The association between MAGE-A9 expression
and clinicopathological parameters

The relationship between high MAGE-A9
expression and the clinicopathological features in 180
cases of lung adenocarcinoma are shown in Table 1. The
high expression of MAGE-A9 in lung adenocarcinoma
tumors was significantly associated with differentiation
(> =4.759, P = 0.029) and tumor diameter (3> = 6.205,
P = 0.013). By contrast, no statistically significant
association was found for gender, age, lymph-node
metastasis and TNM Classification.

Survival analysis

Several known predictive factors of poor outcome
in NSCLC were assessed to confirm that our cohort
of patients was representative of those with NSCLC
(Table 2). As expected, MAGE-A9 protein overexpression
(P < 0.001) was significantly associated with 5-year
survival by Cox regression univariate analysis. In addition,
correlations with other prognostic factors such as gender
(P =0.002), tumor diameter (P = 0.001), differentiation
(P =10.001), lymph node metastasis (P = 0.002) and TNM
classification (P = 0.001) were also statistically significant.
All of these factors were included in a multivariable
analysis. High MAGE-A9 expression in tumor tissue
(P < 0.001), male (P = 0.007), poor differentiation
(P =0.001) and lymph node metastasis (P = 0.037) were
identified as independent predictive factors in the poor
outcome of lung adenocarcinoma. Kaplan-Meier survival
curves again showed that high MAGE-A9 expression
corresponded with a significantly shorter survival time
compared with those showing no or low MAGE-A9
protein expression (Figure 2).

The association of MAGE-A9 expression with
NSCLC

We examined MAGE-A9 protein expression in
four NSCLC cell lines (SPC-A-1, A549, NCI-H1975
and NCI-H1650). Western blot results showed higher
expression of MAGE-A9 in the SPC-A-1 and NCI-H1975
cell lines than in the A549 and NCI-H1650 cell lines
(Figure 3A).

The effect of decreased MAGE-A9 expressionon
cell proliferation, migration and the invasiveness
of lung carcinoma cells

We explored the functional consequence of altering
the expression of MAGE-A9 in NSCLC cell lines by
examining three different sequences of siRNA targeting
human MAGE-A9 and negative control siRNA. Western

blot analysis identified MAGE-A9#3 as the most potent
sequence for silencing (Figure 3B). We transfected
MAGE-A9#3 siRNA into SPC-A-1 and NCI-H1975 cell
lines, which had shown high MAGE-A9 protein expression.
The transfected cells were named SPC-A-1-MAGE-A9 and
NCI-H1975-MAGE-A9, and the corresponding negative
controls were named SPC-A-1-NC and NCI-H1975-NC.
Subsequently, we evaluated the cell proliferation,
migration and invasion of the two experimental cell
lines. Cell lines silenced with MAGE-A9 siRNA (SPC-
A-1-MAGE-A9 and NCI-H1975-MAGE-A9) had lower
proliferative abilities than the corresponding controls and
normal controls (Figure 3C and 3D). In the migration
and invasion assays, fewer SPC-A-1-MAGE-A9 and
NCI-H1975-MAGE-A9 cells migrated through the
membrane in the migration chamber with or without the
Transwell-precoated Matrigel compared to corresponding
control cells (Figure 3E and 3F) , and the difference was
statistically significant (P < 0.05). These results indicated
that silencing of MAGE-A9 expression decreased the cell
proliferation, migration and invasion of NSCLC cells.

MAGE-A9 expression and apoptosis

To explore the underlying mechanism by which
MAGE-A9 induces lung tumor growth, apoptosis-
associated protein expression was analyzed in MAGE-A9
silenced cells. Expressions of the pro-apoptotic protein
Bax, Caspase- 3, Caspase-7, Caspase-9 and Apoptosis
Western Blot Cocktail were increased at different degrees
in SPC-A-1-MAGE-A9 and NCI-H1975-MAGE-A9 cells,
compared to corresponding control cells (Figure 4A). Our
results suggest that silencing MAGE-A9 expression might
promote apoptosis in NSCLC cells.

MAGE-A9 overexpression confers resistance to
chemotherapy-induced apoptosis

We investigated the association between MAGE-A9
expression and chemoresistance to four chemotherapeutic
agents in NSCLC cells and explored whether MAGE-A9
plays a role in drug-induced apoptosis. MAGE-A9
depletion in SPCA-1-MAGE-A9 and NCI-H1975-
MAGE-A9 cells contributed to an increased apoptotic
response to various levels of chemotherapeutic reagents that
are commonly used for lung cancer including GEM, DDP,
Taxol and PEM (Figure 4B and 4C: P < 0.05, part data
not shown). Specifically, the IC50 in SPC-A-1-MAGE-A9
and NCI-H1975-MAGE-A09 cells was lower than in control
cells (Figure 4D P < 0.05). Hence, the down-regulation of
MAGE-A9 might increase the sensitivity of NSCLC cells
to chemotherapeutic reagents and may be related to our
above demonstration that decreased MAGE-A9 expression
could induce tumor cell apoptosis.
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Table 1: Association of MAGE-A9 expression with the clinical characteristics of lung

adenocarcinoma
Characteristic n ex;;:avsvs?(:‘nn((‘)’ %) expr(eI;Isi;o:)l:l (%) Pearson y* P value
Total 180 103 (57.22) 77 (42.78)
Gender
Male 91 46 (50.55) 45 (49.45)
Female 89 57 (64.04) 32 (35.96) 3347 0.067
Age
<60 years 82 48 (58.54) 34 (41.46)
> 60 years 98 55 (56.12) 43 (43.88) 0106 0744
Differentiation
Well and Moderately 156 95 (60.90) 61 (39.10)
Poorly 22 8(36.36) 14 (63.64) 4.759 0.029*
Unknown 2 0 2
Tumor size
<3cm 101 66 (65.35) 35 (34.65)
>3 cm 79 37 (46.84) 42 (53.16) 6205 00137
Lymph node metastasis
Yes 71 37 (52.11) 34 (47.89)
No 101 61 (60.40) 40 (39.60) 1.167 0.280
Unknown 8 5 3
TNM Classification
I 107 68 (63.55) 39 (36.45)
i 43 22 (51.16) 21 (48.84) 4.760 0.093
I and IV 30 13 (43.33) 17 (56.67)
*P <0.05.
DISCUSSION It has been reported that MAGE expression is

Lung cancer is diagnosed at an advanced stage in
most patients, which is the primary reason for the high
mortality rate. Therefore, early detection of lung cancer
is a major issue. New molecular targets for diagnosis and
therapy are urgently needed to improve the prognosis for
lung cancer patients. Recently, MAGE-A family members
have been identified as promising immunotherapeutic
targets for tumor therapy because they are strictly tumor
specific [36—-37]. Several basic clinical studies involving
melanoma, esophagus cancer and lung cancer have utilized
MAGE-A antigens and have shown encouraging results
[38—40]. Although the normal physiological function of
MAGE-A antigens remains unknown, their contribution to
tumor development has been investigated recently.

directly regulated by microRNAs, such as miR-34a, and
that MAGE-A proteins can inhibit p53 function through
direct and indirect mechanisms. The p53 tumor suppressor
plays a protective in some tumors by coordinating changes
in gene expression, which can lead to the elimination
of cancer cells. Mage-A may block the association of
p53 with its cognate sites in chromatin. Silencing of
Mage-A expression leads to the up-regulation of several
p53-responsive genes. These data reveal the novel
mechanism by which Mage-A may suppress the p53
transcriptional program during tumor development [41].
MAGE-A inhibited apoptosis in proliferating malignancy
cells through at least two novel mechanisms: inhibition of
the up-regulation of Bax by a p53-dependent mechanism
and maintenance of survivin expression by p53-dependent
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Table 2: Univariate and multivariable analyses of prognostic factors in lung adenocarcinoma for
S-year survival

Univariate analysis Multivariate analysis
Variable
HR P value 95% CI HR P value 95% CI

MAGE-A9 expression

High vs low 4.728 0.001* 2.989-7.477 3.356 0.001* 2.093-5.380
Gender

Male vs female 0.510 0.002* 0.330-0.788 0.533 0.007* 0.337-0.845
Age (years)

<60 vs> 60 1.308 0.220 0.851-2.010
Tumor size (cm)

<3vs>3 2.575 0.001%* 1.669-3.972 1.616 0.066 0.968—-2.700
Differentiation

X)‘erllind mod vs 3.422 0.001* 2.247-5211 2.780 0.001* 1.741-4.439
Lymph node metastasis

Yes vs no 1.964 0.002* 1.274-3.027 1.757 0.037* 1.035-2.983
TNM classification

xﬁ: H/Sli,mge fvs 1.461 0.001* 1.163-1.835 0.907 0.590 0.636-1.293

*P < 0.05; CI, confidence interval; HR, hazard ratio.
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Figure 2: Analysis of lung adenocarcinoma patient survival using the Kaplan-Meier method. (A) The high MAGE-A9
expression group (green line) has a significantly lower survival rate than the low/no MAGE-A9 expression group (blue line). (B) Overall
survival in female cases was significantly longer than in male cases. (C) Overall survival in cases with no lymph-node metastasis was
significantly longer than in cases with lymph-node metastasis. (D) Survival curves based on differentiation. Differentiation = 1 is the
well-differentiated group (blue line); differentiation = 2 is the moderately differentiated group (green line); differentiation = 3 is the poorly
differentiated group (brown line).
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and independent mechanisms. Silencing of MAGE-A
resulted in a loss of p53 ubiquitination and stabilization
of p53 protein, thereby increasing the expression of Bax.
Survivin was down-regulated in tumor cells after MAGE-A
silencing regardless of the p53 status. These results strongly
suggest that MAGE-A is an antagonist of p53-dependent
pro-apoptotic transcriptional regulation [42].

In this present investigation, MAGE-A9 protein
expression in lung adenocarcinoma tissues was evaluated
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using IHC, and the results showed that 42.78% of the
cases exhibited high MAGE-A9 cytoplasmic and nuclear
expression. Consistent with a previous study, our results
support the hypothesis that cytoplasmic and nuclear
MAGE-A9 expression is present in renal cell carcinoma
[30]. Furthermore, we found that high MAGE-A9
expression in lung adenocarcinoma was significantly
correlated with differentiation and tumor diameter. For
survival analysis, our data clearly showed that high
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Figure 3: The effects of depleting the expression of MAGE-A9 on cell proliferation, migration and invasiveness of lung
carcinoma cells. (A) MAGE-A9 protein expression in four NSCLC cell lines. B-Actin was used as a loading control. (B) Western blots
were used to select the most effective silencing siRNA for targeting human MAGE-A9. (C) and (D) The proliferation ability of the two
experimental cell lines was examined using CCK-8 at 450 nm. Specifically, 5 x 10° cells were seeded in 100 pL of medium per well into
96-well plates (three wells per each group). Then, 10 pL of CCKS solution was added to the culture medium in each well after 24 h, 48 h,
72 h and 96 h. The cells were then incubated for an additional 3 h. The absorbance was determined at a wavelength of 450 nm.
(E) Migration and (F) invasion ability were presented as the total number of cells that migrated to the bottom chamber without or with the
Transwell precoated with Matrigel, as calculated in at least six random fields (total magnification x200) per filter. The lower “F” is photo
of six random fields represent invasion ability. It is corresponding to upper “F”. (*P < 0.05).
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expression of MAGE-A9 is an independent predictive
factor of poor outcomes in lung adenocarcinoma. These
results were in agreement with previous studies in renal cell
carcinoma [30] and bladder cancer [43]. A Kaplan-Meier
analysis also verified that lung adenocarcinoma patients
with high MAGE-A9 expression showed a significantly
unfavorable life span.

Our in vitro findings shed light on how MAGE-A9
promotes NSCLC tumor progression. Four NSCLC cell
lines were used to model the potential proliferative role
of MAGE-AJY silencing in NSCLC. The functional effects
of MAGE-A9 knockdown in two high-expression cell
lines were consistent: decreased proliferation, migration
and Matrigel invasion. These findings are consistent with
recent studies, which report MAGE-A9 overexpression
in breast cancer [44—45] and bladder cancer [43] and
identify MAGE-A9-enhanced tumorigenicity and tumor
growth. Although the physiological role of MAGE-A
proteins remains largely unknown, it has been shown
that DNA hypermethylation and histone deacetylation
is the underlying mechanism responsible for MAGE-A9
gene silencing [44]. Increasingly, evidence suggests
the involvement of DNA hypermethylation and histone
deacetylation in the early carcinogenesis of the lung,
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involving the regulation of apoptosis and cell-cycle
progression [46—47]. MAGE-A proteins are also more
frequently expressed in chemotherapy (paclitaxel)
resistance compared with chemotherapy-susceptible
ovarian cancer, melanoma and multiple myeloma cell
lines [48]. We observed that down-regulated MAGE-A9
expression promoted the sensitivity of four typical
chemotherapeutic agents and inhibited the growth of
cancer cells. These findings suggest that MAGE-A
expression favors tumor-cell survival and that MAGE-A
proteins function as oncoproteins. MAGE-A9 may play
a key role in drug resistance in human cancer, and this
likely occurs via multiple mechanisms. These data indicate
that MAGE-A9 is critical for the survival of proliferating
NSCLC cells and that MAGE-A9 is a promising
therapeutic target for this disease. Hence, our study
might open up a novel strategy for future cancer therapies
through the modulation of cellular MAGE-A9 activities.
In summary, we confirmed the significant
up-regulation of MAGE-A9 proteins in lung
adenocarcinoma tissues and found that high expression
levels are associated with poor prognosis. Moreover, we
revealed that RNA interference of MAGE-A9 inhibited
the proliferation, invasion and migration of NSCLC cell
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Figure 4: MAGE-A9 expression and apoptosis in vitro. (A) Western blot analysis of apoptosis-associated protein expression in
MAGE-A9 silenced cells. B-Actin was used as a loading control. (B) and (C) MAGE-A9 depletion in SPC-A-1-MAGE-A9 and NCI-H1975-
MAGE-A9 cells contributed to an increased apoptotic response to cisplatin. (Error bars = 95% confidence interval, CI; P < 0.05).
(D) Half-maximal inhibitory concentration (IC50) values of cisplatin. IC50 values were determined using CCK-8 as described above.

(Error bars = 95% CI; *P < 0.05).
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lines and restrained the tumorigenesis and development of
NSCLC. Decreased MAGE-A9 expression could induce
apoptosis as it occurs in NSCLC cells. Finally, MAGE-A9
might be associated with resistance to conventional
chemotherapy, and down-regulation of MAGE-A9 may
increase the sensitivity of chemotherapeutic reagents,
which has important implications for cancer progression
and treatment.

There are some limitations to this study. For example,
overexpression of the MAGE-A9 gene has not been
explored. Furthermore, the molecular mechanisms underlying
MAGE-A9 involvement in cell proliferation, migration and
chemosensitivity should be analyzed in vivo. If the results from
further investigations support our findings, a strategy that targets
MAGE-A9 might be expected to establish a high efficacy
chemo-immunotherapeutic approach.

MATERIALS AND METHODS

Patients and resources

A panel of formalin-fixed, paraffin-embedded lung
adenocarcinoma tissues (n = 180) and corresponding
peritumoral normal tissues (n = 94) were excised
from fresh surgical samples at the Affiliated Hospital
of Nangtong University from 2004 to 2010. Clinical
data (including age, gender, differentiation, tumor
size, five-year follow-up survival records and other
information) were obtained from the medical records of
each patient. The average age of the group was 61.25 years
(range 35-81 years). The 5-year actuarial overall survival
was calculated from the date of surgery until the date
of death or the last follow-up appointment. All patients
were typed in accordance with the recent TNM stage
classification system (UICC 2009). None of the patients
received chemotherapy or radiotherapy prior to surgery.
Representative 2.0 mm tissue cores from each sample
were used to conduct TMA analysis (Shanghai Outdo
Biotech, Shanghai, China). The study was approved by
the Ethical Research Committee of the hospital.

Immunohistochemistry

For immunohistochemical analysis, tissue sections
were deparaffinized in 100% xylene and rehydrated in
graded ethanol solutions. Antigen retrieval was performed
by boiling in citrate buffer, pH 6.0, for 5 minutes in a
pressure cooker. Sections were incubated with a primary
anti-MAGE-A9 antibody (Abcam, Cambridge, UK)diluted
1:100 in TBS containing 1% bovine serum albumin at 4°C
overnight and then incubated with anti-rabbit horseradish
peroxidase-conjugated antibody at 37°C for 30 min.
MAGE-A9 immunostaining was evaluated independently
by two trained pathologists who had no knowledge of the
clinical background of the cases. The positivity of cell

staining was recorded as a percentage (0—100%). Staining
intensity was graded on a scale of 0 (negative) to 3 (strong).
The final MAGE-A9 staining score was a product of the
intensity grading and the percentage of positive cells [49].
The cutoff point for the MAGE-A9 expression score that
was statistically significant, in terms of overall survival
(OS), was set using the X-tile software program (The Rimm
Lab at Yale University, New Haven, CT) as described
previously [50]. The degree of MAGE-A9 staining was
quantified using a two-level grading system, and staining
scores were defined as follows: 0—100, no expression to
low expression; and 101-300, high expression.

Cell lines and cell culture

Human NSCLC cell lines A549, SPC-A-1,
NCI-H1975 and NCI-H1650 were purchased from the
Type Culture Collection of the Chinese Academy of
Sciences, Shanghai, China. All cell lines were maintained
in RPMI-1640 medium (HyClone, Logan City, Utah,
USA), supplemented with 10% fetal bovine serum
(FBS), and cultured at 37°C in a humidified atmosphere
containing 5% CO,.

Western blot analysis

Total protein extracts from each cell line were
obtained using a lysis buffer (Beyotime Institute of
Biotechnology, China), and the protein concentration
was determined using the BCA Protein Assay Kit with
bovine serum albumin (BSA) as the standard (Thermo
Scientific). Equal amounts of protein (20 pL per lane)
were separated by SDS-polyacrylamide gel electrophoresis
(PAGE) in 10% acrylamide gels and transferred to
polyvinylidine difluoride (PVDF) membranes (Millipore
Corporation, USA) at 300 mA for 2 h. The membrane
was blocked in 5% fat-free milk and incubated with the
following primary antibodies overnight at 4°C: mouse
monoclonal anti-MAGE-A9 (1:300 dilution; Abcam),
rabbit monoclonal anti-Bax (1:1000 dilution; Abcam),
rabbit polyclonal anti- Caspase3 (1:300 dilution; Abcam),
rabbit polyclonal anti-Caspase7 (1:1000 dilution; Abcam),
rabbit monoclonal anti-Caspase9 (1:1000 dilution; Abcam)
and Apoptosis Western Blot Cocktail (1:250 dilution;
Abcam). The secondary antibodies were horseradish
peroxidase (HRP)-conjugated goat anti-mouse antibody
(1:1000, Proteintech group, USA) and horseradish
peroxidase (HRP)-conjugated goat anti-rabbit antibody
(1:1000, Proteintech group, USA). After stripping, the
membrane was reprobed with B-actin (1:1000, Proteintech
group, USA) overnight at 4°C, followed by incubation with
a secondary antibody as stated above at room temperature
for 2 h. Bands were visualized using an enhanced
chemiluminescence system (ECL, Beyotime Institute of
Biotechnology). The data were quantified by densitometry.
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SiRNA transfection

Three different siRNA sequences targeting human
MAGE-A9 and negative control siRNA were designed by,
and obtained from, Shanghai Invitrogen Corporation. The
sequences of Si-MAGE-A9 were as follows: MAGE-A9#1
sense, 5'-GGUGGCUGAGUUGGUUCAUTT-3" and
antisense, 5'-AUGAACCAACUCAGCCACCTT-3';
MAGE-A9#2 sense, 5'-GCAAAGCCUCCGAGUUCAU
TT-3" and antisense, 5'-AUGAACUCGGAGGCUUUGC
TT-3'; MAGE-A9#3 sense, 5'-CCAGCUAUGAGAAGGU
CAUTT-3" and antisense, 5'-AUGACCUUCUCAUAGCU
GGTT-3". Cells were then transfected with Lipofectamine™
2000 (Invitrogen) according to the manufacturer’s
instructions.

Cell proliferation assays

Cell proliferation was evaluated using the Cell
Counting Kit-8 (CCK-8, Beyotime Institute of
Biotechnology) according to the manufacturer’s
instructions. Briefly, the NSCLC cells, negative control
cells and normal control cells (5 x 10%), in 100 pL of
medium per well, were seeded into 96-well plates (three
wells per each group); 10 pL of CCKS solution was
added to the culture medium in each well, and cells were
incubated for 3 h. The absorbance was determined at a
wavelength of 450 nm. The assays were repeated three
times with triplicate samples.

Transwell migration and invasion assays

For the analysis of cell invasion assays, modified
Boyden chambers consisting of Matrigel-precoated
Transwell membrane filter inserts with 8 um pores were
used in 24-well tissue culture plates (BD Biosciences,
Bedford, MA). Cells from different groups (1 x 10°)
were plated onto the top of the chamber in RPMI-1640
without FBS, and the bottom chamber was filled with
RPMI-1640 containing 10% FBS as a chemoattractant.
After 24 h of incubation in a 5% CO, humidified chamber
at 37°C, noninvading cells were removed by wiping the
upper surface of the membrane with a cotton swab, and
the filter membrane was fixed with 4% paraformaldehyde
and stained with Exam MaSiLiang blue. The degree of
invasion was quantified by counting the cells that had
migrated through the membrane in at least six random
fields (total magnification, x200) per filter. Experiments
were repeated three times in triplicate.

For cell migration, we used the modified Boyden
chambers without the Matrigel-precoated Transwell
membrane filter, using the method stated above.

Chemotherapeutic cell treatments

Gemcitabine (GEM), cisplatin (DDP), paclitaxel
(Taxol), and pemetrexed (PEM) were used at 0.1-100 uM
to determine the half-maximal inhibitory concentration
(IC50) values in cell lines, in which MAGE-A9 was
silenced, and their corresponding controls cells. Cells
(5 x 10°) were added to each well in a 96-well plate
and cultured for 24 h. Cells were then treated with
drugs for 12 h, and the medium was replaced by
fresh medium without drugs for an additional 48 h.
Cell viability was measured using a Cell Counting Kit-
8 (Beyotime Institute of Biotechnology) at 450 nm as
stated above. DMSO treatment was used as a control.
The survival of each cell line was compared with their
corresponding control cell line. Assays were repeated three
times.

Statistical analysis

Statistical analyses were performed using the SPSS
V.20.0 software (SPSS Inc. Chicago, IL, USA) and the
STATA V.9.0 software (Stata Corporation). > tests were
performed to evaluate whether MAGE-A9 expression was
correlated with clinicopathological factors. For the TMA
slides, the following clinical data were assessed: gender, age,
tumor diameter, and other clinicopathological information.
Survival curves were estimated using the Kaplan-Meier
method. The factors shown to be of prognostic significance
in the univariate models were evaluated in a multivariable
Cox regression model. For all statistical analyses, P-values
less than 0.05 were regarded as statistically significant. All
statistical tests were two-sided.

CONFLICTS OF INTEREST

None.

Editorial note

This paper has been accepted based in part on
peer-review conducted by another journal and the authors’
response and revisions as well as expedited peer-review in
Oncotarget.

REFERENCES

1. Ulahannan SV, Brahmer JR. Antiangiogenic agents
in combination with chemotherapy in patients with
advanced non-small cell lung cancer. Cancer Invest. 2011;
29:325-337.

2. Cullen MH, Billingham LJ, Woodroffe CM, Chetiyawardana AD,
Gower NH, Joshi R, Ferry DR, Rudd RM, Spiro SG,
Cook JE, Trask C, Bessell E, Connolly CK, et al.

www.impactjournals.com/oncotarget

4879

Oncotarget



10.

I1.

13.

14.

15.

16.

Mitomycin, ifosfamide, and cisplatin in unresectable
non-small-cell lung cancer: effects on survival and quality
of life. J Clin Oncol. 1999; 17:3188-3194.

Cagle PT, Allen TC, Dacic S, Beasley MB, Borczuk AC,
Chirieac LR, Laucirica R, Ro JY, Kerr KM. Revolution in
lung cancer: new challenges for the surgical pathologist.
Arch Pathol Lab Med. 2011; 135:110-116.

Spira A, Ettinger DS. Multidisciplinary management of lung
cancer. N Engl J Med. 2004; 350:379-392.

Gao W, Liu L, Lu X, Shu Y. Circulating microRNAs:
possible prediction biomarkers for personalized therapy of
non-small-cell lung carcinoma. Clin Lung Cancer. 2011;
12:14-17.

Mitsudomi T. Advances in target therapy for lung cancer.
Jpn J Clin Oncol. 2010; 40:101-106.

Zhao Q, Caballero OL, Simpson AJ, Strausberg RL.
Differential evolution of MAGE genes based on expression
pattern and selection pressure. PLoS One. 2012; 7:¢48240.
Sang M, Wang L, Ding C, Zhou X, Wang B, Lian Y,
Shan B. Melanoma-associated antigen genes - an update.
Cancer Lett. 2011; 302:85-90.

Barker PA, Salehi A. The MAGE proteins: emerging roles
in cell cycle progression, apoptosis, and neurogenetic
disease. J Neurosci Res. 2002; 67:705-712.

Osterlund C, Tohonen V, Forslund KO, Nordqvist K.
Mage-b4, a novel melanoma antigen (MAGE) gene
specifically expressed during germ cell differentiation.
Cancer Res. 2000; 60:1054-1061.

Scanlan MJ, Simpson AJ, Old LJ. The cancer/testis genes:
review, standardization, and commentary. Cancer Immun.
2004; 4:1.

Simpson AJ, Caballero OL, Jungbluth A, Chen YT, Old LJ.
Cancer/testis antigens, gametogenesis and cancer. Nat Rev
Cancer. 2005; 5:615-625.

Morgan RA, Chinnasamy N, Abate-Daga D, Gros A,
Robbins PF, Zheng Z, Dudley ME, Feldman SA, Yang JC,
Sherry RM, Phan GQ, Hughes MS, Kammula US,
et al. Cancer regression and neurological toxicity following
anti-MAGE-A3 TCR gene therapy. J Immunother. 2013;
36:133-151.

van der Bruggen P, Traversari C, Chomez P, Lurquin C,
De Plaen E, Van den Eynde B, Knuth A, Boon T. A gene
encoding an antigen recognized by cytolytic T lymphocytes
on a human melanoma. Science. 1991; 254:1643-1647.

Chen YT, Scanlan MJ, Sahin U, Tureci O, Gure AO,
Tsang S, Williamson B, Stockert E, Pfreundschuh M,
Old LJ. A testicular antigen aberrantly expressed in human
cancers detected by autologous antibody screening. Proc
Natl Acad Sci U S A. 1997; 94:1914-1918.

Scanlan MJ, Gure AO, Jungbluth AA, Old LJ, Chen YT.
Cancer/testis antigens: an expanding family of targets for
cancer immunotherapy. Immunol Rev. 2002; 188:22-32.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Caballero OL, Chen YT. Cancer/testis (CT) antigens:
potential targets for immunotherapy. Cancer Sci. 2009;
100:2014-2021.

Brichard VG, Lejeune D. GSK’s antigen-specific cancer
immunotherapy programme: pilot results leading to Phase
III clinical development. Vaccine. 2007; 25:B61-71.

Bodey B. Cancer-testis antigens: promising targets for
antigen directed antineoplastic immunotherapy. Expert Opin
Biol Ther. 2002; 2:577-584.

Lucas S, De Smet C, Arden KC, Viars CS, Lethe B,
Lurquin C, Boon T. Identification of a new MAGE gene
with tumor-specific expression by representational
difference analysis. Cancer Res. 1998; 58:743-752.

Lurquin C, De Smet C, Brasseur F, Muscatelli F,
Martelange V, De Plaen E, Brasseur R, Monaco AP, Boon T.
Two members of the human MAGEB gene family located
in Xp21.3 are expressed in tumors of various histological
origins. Genomics. 1997; 46:397—408.

Bao L, Dunham K, Lucas K. MAGE-A1, MAGE-A3, and
NY-ESO-1 can be upregulated on neuroblastoma cells to
facilitate cytotoxic T lymphocyte-mediated tumor cell
killing. Cancer Immunol Immunother. 2011; 60:1299-1307.

Lorenzi S, Forloni M, Cifaldi L, Antonucci C, Citti A,
Boldrini R, Pezzullo M, Castellano A, Russo V, van der
Bruggen P, Giacomini P, Locatelli F, Fruci D. IRF1 and
NF-kB restore MHC class I-restricted tumor antigen
processing and presentation to cytotoxic T cells in
aggressive neuroblastoma. PLoS One. 2012; 7:¢46928.

Chomez P, De Backer O, Bertrand M, De Plaen E, Boon T,
Lucas S. An overview of the MAGE gene family with the
identification of all human members of the family. Cancer
Res. 2001; 61:5544-5551.

Peikert T, Specks U, Farver C, Erzurum SC, Comhair SA.
Melanoma antigen A4 is expressed in non-small cell
lung cancers and promotes apoptosis. Cancer Res. 2006;
66:4693-4700.

Karimi S, Mohammadi F, Porabdollah M, Mohajerani SA,
Khodadad K, Nadji SA. Characterization of melanoma-
associated antigen-a genes family differential expression
in non-small-cell lung cancers. Clin Lung Cancer. 2012;
13:214-219.

Tajima K, Obata Y, Tamaki H, Yoshida M, Chen YT,
Scanlan MJ, Old LJ, Kuwano H, Takahashi T, Mitsudomi T.
Expression of cancer/testis (CT) antigens in lung cancer.
Lung Cancer. 2003; 42:23-33.

Gu X, Fu M, Ge Z, Zhan F, Ding Y, Ni H, Zhang W,
Zhu'Y, Tang X, Xiong L, Li J, Qiu L, Mao Y, et al. High
expression of MAGE-A9 correlates with unfavorable
survival in hepatocellular carcinoma. Sci Rep. 2014; 4:6625.

Bergeron A, Picard V, LaRue H, Harel F, Hovington H,
Lacombe L, Fradet Y. High frequency of MAGE-A4 and
MAGE-A9 expression in high-risk bladder cancer. Int J
Cancer. 2009; 125:1365—-1371.

WWW

.impactjournals.com/oncotarget

4880

Oncotarget



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Hatiboglu G, Pritsch M, Macher-Goeppinger S, Zoller M,
Huber J, Haferkamp A, Pahernik S, Wagener N,
Hohenfellner M. Prognostic value of melanoma-associated
antigen A9 in renal cell carcinoma. Scand J Urol.
2013;47:311-322.

Eichmuller S, Usener D, Thiel D, Schadendorf D. Tumor-
specific antigens in cutaneous T-cell lymphoma: expression
and sero-reactivity. Int J Cancer. 2003; 104:482-487.

Lin J, Lin L, Thomas DG, Greenson JK, Giordano TJ,
Robinson GS, Barve RA, Weishaar FA, Taylor JM,
Orringer MB, Beer DG. Melanoma-associated antigens in
esophageal adenocarcinoma: identification of novel MAGE-A10
splice variants. Clin Cancer Res. 2004; 10:5708-5716.

van Duin M, Broyl A, de Knegt Y, Goldschmidt H,
Richardson PG, Hop WC, van der Holt B, Joseph-Pietras D,
Mulligan G, Neuwirth R, Sahota SS, Sonneveld P. Cancer
testis antigens in newly diagnosed and relapse multiple
myeloma: prognostic markers and potential targets for
immunotherapy. Haematologica. 2011; 96:1662—1669.

Han L, Jiang B, Wu H, Zhang S, Lu X. Expression and
prognostic value of MAGE-A9 in laryngeal squamous cell
carcinoma. Int J Clin Exp Pathol. 2014; 7:6734-6742.
Huang J, Zhang X, Tang Q, Zhang F, Li Y, Feng Z, Zhu J.
Prognostic significance and potential therapeutic target of
VEGFR?2 in hepatocellular carcinoma. J Clin Pathol. 2011;
64:343-348.

Camp RL, Dolled-Filhart M, Rimm DL. X-tile: a new bio-
informatics tool for biomarker assessment and outcome-
based cut-point optimization. Clin Cancer Res. 2004;
10:7252-7259.

Zhang S, Zhai X, Wang G, Feng J, Zhu H, Xu L,
Mao G, Huang J. High expression of MAGE-A9 in
tumor and stromal cells of non-small cell lung cancer was
correlated with patient poor survival. Int J Clin Exp Pathol.
2015; 8:541-550.

Sang M, Lian Y, Zhou X, Shan B. MAGE-A family:
attractive targets for cancer immunotherapy. Vaccine. 2011;
29:8496-8500.

Tsai JR, Chong IW, Chen YH, Yang MJ, Sheu CC,
Chang HC, Hwang JJ, Hung JY, Lin SR. Differential
expression profile of MAGE family in non-small-cell lung
cancer. Lung Cancer. 2007; 56:185-192.

Lin H, Mao Y, Zhang DW, Li H, Qiu JR, Zhu J, Chen RJ.
Selection and characterization of human anti-MAGE-A1
scFv and immunotoxin. Anticancer Agents Med Chem.
2013; 13:1259-1266.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Forghanifard MM, Gholamin M, Farshchian M,
Moaven O, Memar B, Forghani MN, Dadkhah E, Naseh H,
Moghbeli M, Raeisossadati R, Abbaszadegan MR. Cancer-
testis gene expression profiling in esophageal squamous
cell carcinoma: identification of specific tumor marker and
potential targets for immunotherapy. Cancer Biol Ther.
2011; 12:191-197.

Mellstedt H, Vansteenkiste J, Thatcher N. Vaccines for the
treatment of non-small cell lung cancer: investigational
approaches and clinical experience. Lung Cancer. 2011;
73:11-17.

Marcar L, Maclaine NJ, Hupp TR, Meek DW. Mage-A
cancer/testis antigens inhibit p53 function by blocking
its interaction with chromatin. Cancer Res. 2010; 70:
10362-10370.

Nardiello T, Jungbluth AA, Mei A, Diliberto M, Huang X,
Dabrowski A, Andrade VC, Wasserstrum R, Ely S,
Niesvizky R, Pearse R, Coleman M, Jayabalan DS, et al.
MAGE-A inhibits apoptosis in proliferating myeloma cells
through repression of Bax and maintenance of survivin.
Clin Cancer Res. 2011; 17:4309-4319.

Picard V, Bergeron A, Larue H, Fradet Y. MAGE-A9 mRNA
and protein expression in bladder cancer. Int J Cancer. 2007;
120:2170-2177.

Hou SY, Sang MX, Geng CZ, Liu WH, Lu WH, Xu YY,
Shan BE. Expressions of MAGE-A9 and MAGE-A11 in
breast cancer and their expression mechanism. Arch Med
Res. 2014; 45:44-51.

Xu X, Tang X, Lu M, Tang Q, Zhang H, Zhu H, Xu N,
Zhang D, Xiong L, Mao Y, Zhu J. Overexpression of
MAGE-AD9 predicts unfavorable outcome in breast cancer.
Exp Mol Pathol. 2014; 97:579-584.

Jang SJ, SoriaJC, Wang L, Hassan KA, Morice RC, Walsh GL,
Hong WK, Mao L. Activation of melanoma antigen tumor
antigens occurs early in lung carcinogenesis. Cancer Res.
2001; 61:7959-7963.

Sakurai T, Itoh K, Higashitsuji H, Nagao T, Nonoguchi K,
Chiba T, Fujita J. A cleaved form of MAGE-A4 binds to
Miz-1 and induces apoptosis in human cells. J Biol Chem.
2004; 279:15505-15514.

Duan Z, Duan Y, Lamendola DE, Yusuf RZ, Naecem R,
Penson RT, Seiden MV. Overexpression of MAGE/GAGE
genes in paclitaxel/doxorubicin-resistant human cancer cell
lines. Clin Cancer Res. 2003; 9:2778-2785.

www.impactjournals.com/oncotarget

4881

Oncotarget



