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Gastric cancer (GC) is an aggressive malignant tumor and causes a significant number of
deaths every year. With the coming of the age of cancer immunotherapy, search for a new
target in gastric cancer may benefit more advanced patients. Melanoma-associated
antigen-A3 (MAGEA3), one of the members of the cancer-testis antigen (CTA) family, was
considered an important part of cancer immunotherapy. We evaluate the potential role of
MAGEA3 in GC through the TCGA database. The result revealed that MAGEA3 is
upregulated in GC and linked to poor OS and lymph node metastasis. MAGEA3 was
also correlated with immune checkpoints, TMB, and affected the tumor immune
microenvironment and the prognosis of GC through CIBERSORT, TIMER, and Kaplan-
Meier plotter database analysis. In addition, GSEA-identified MAGEA3 is involved in the
immune regulation of GC. Moreover, the protein-protein interaction (PPI) networks of
MAGEA3 were constructed through STRING database and MAGEA3-correlated miRNAs
were screened based on the joint analysis of multiple databases. In terms of experimental
verification, we constructed pET21a (+)/MAGEA3 restructuring plasmids and transformed
to Escherichia coli Rosetta. MAGEA3 protein was used as an antigen after being
expressed and purified and can effectively detect the specific IgG in 93 GC patients’
serum specimens with 44.08% sensitivity and 92.54% specificity. Through further
analysis, the positive rate of MAGEA3 was related to the stage and transfer number of
lymph nodes. These results indicated that MAGEA3 is a novel biomarker and correlated
with lymph node metastasis and immune infiltrates in GC, which could be a new target
for immunotherapy.
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INTRODUCTION

Gastric cancer (GC) is an aggressive and devastating disease,
with more than 1 million new cases a year, and remains the
fourth cause of cancer-related death, although the mortality and
mortality were declining gradually (1). Despite the progress
made in the management of gastric cancer over decades,
prognosis remains poor, and the 5-year survival in patients
with metastatic disease is 5.3% (2). Many factors contribute to
the risk of gastric cancer; infection with Helicobacter pylori is the
main cause and confirmed as the first biological carcinogen by
WHO (3–5). Epstein-Barr virus (EBV) infection (6),
environmental and genetic factors, obesity, and smoking also
contribute to the development of stomach cancer (7, 8). At
present, carcinoembryonic antigens including CEA and CA19-
9 are the most widely used gastric cancer detection markers in
clinical practice (9, 10). However, these markers lack the
sensitivity and specificity needed to assess the diagnosis and
prognosis of gastric cancer; thus, many other tumor markers
have been discovered and proved their potential efficacy as
diagnostic and prognostic tools in gastric cancer. However,
these markers are also having problems, such as, insufficient
sensitivity that needs further clinical verification (11).
Traditional cancer therapies like surgery and chemoradiation
therapy are limited to the treatment of advanced gastric cancer
patients, so innovative approaches are desperately needed.
Immunotherapy offers a different approach and is an
alternative treatment option for those patients, and many
clinical trials are in progress (12). The purpose of this study is
to find a target that plays a role in detection and immunotherapy.

Cancer testis antigens (CTA) are antigens that are usually
only expressed in testis and placenta and various tumor types
(13). Melanoma-associated antigen-A3 (MAGEA3), as a main
member of CTA, is located on chromosome Xq28. The
expression of MAGEA3 is modulated by DNA methylation or
histone acetylation (14–16). Many research have reported the
abnormal expression of MAGEA3 in many tumor types (17–21).
The characteristics of differential expression in normal and
cancer tissues make MAGEA3 an ideal target for antitumor
vaccines and carried out various clinical trials (22–25). However,
the two largest phase III clinical trials targeting MAGEA3
immunotherapeutic as an adjuvant therapy for stage III
melanoma and nonsmall cell lung cancer failed (26, 27), which
is stagnating the progress of immunotherapeutic, and research
on MAGEA3 also have declined. In our previous study, we have
identified epitopes from MAGEA3 protein and found that
patients with gastric cancer had higher reactivity to these
epitopes (28); we also found that MAGEA3 multiepitope
vaccine can induce humoral and cellular immune responses in
mice (29), so we still believe MAGEA3 is an important target for
GC diagnosis and immunotherapy. In this research, we analyzed
the relationship between MAGEA3 and gastric cancer patients’
prognosis through the Cancer Genome Atlas (TCGA) database
and investigated the effect of MAGEA3 expression on immune
cell infiltration, further screening out MAGEA3-related proteins
and interacting miRNA. We further use purified MAGEA3
protein for the detection of specific antibodies in the serum of
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GC patients to prove that MAGEA3 is related to the progression
of gastric cancer. Our findings provide novel insights into the
role of MAGEA3 in GC, thereby highlighting the underlying
mechanism of MAGEA3 influencing immune cell interaction
with tumors and providing preliminary preparations for the
detection and immunotherapy of MAGEA3 in gastric cancer.
METHODS

Gastric Cancer Patients in TCGA
RNA sequence profiles and clinical data of 375 GC patients and
32 normal controls were downloaded through the TCGA
database (https://genome-cancer.ucsc.edu/). Subsequently,
analysis includes clean data and cancer dataset divided into 2
groups by median.

TIMER Analysis
TIMER is a comprehensive website (https://cistrome.shinyapps.
io/timer/) that can analyze the differences in gene expression and
the levels of immune invasion in different tumors (30). We first
explored the expression of MAGEA3 in pan-cancer. “SCNA
module,” “Gene module,” and “Survival module” were then
applied to evaluate the association between MAGEA3 and
immune infiltration and clinical outcome. Finally, the
correlation of MAGEA3 with the markers of immune cells in
GC was verified.

Kaplan-Meier Plotter Analysis
The Kaplan-Meier plotter website (http://kmplot.com/) can
explore the impact of gene on patient survival in more than 20
cancer types, including gastric cancer (n = 1,440). We explore the
association between MAGEA3 expression and prognosis of GC
in the related immune cell subgroups.

Immune Checkpoints and TMB and
MSI Analyses
To predict the part of patients who would benefit from immune
checkpoint inhibitors (ICI) or agonists, we compared the
differential expression of immune checkpoints between
MAGEA3 high group and MAGEA3 low group. PDCD1 (PD-1),
CD274 (PD-L1), CTLA4, SIGLEC15, IDO1, HAVCR2, LAG3, and
PDCD1LG2 were chosen as immune checkpoints.

Tumor mutational burden (TMB) and microsatellite instability
(MSI) have been viewed as biomarkers for predicting the
therapeutic response to immunotherapy (31). We used
Spearman’s correlation analysis to describe the correlation
between nonnormal distributed quantitative variables.

CIBERSORT Analysis
We used the CIBERSORT to analyze the normalized data filtered
by Perl programming language and obtained the immune cell
infiltration matrix. We then used “corrplot” package to draw a
correlation heatmap to visualize the correlation of 22 types of
infiltration and used “ggplot2” package to draw violin diagrams
to visualize the differences in immune cell infiltration in different
MAGEA3 groups.
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Gene Set Enrichment Analysis
Gene set enrichment analysis (GSEA) was performed using the
Java GSEA desktop application. In this study, GSEA v4.1.0
software was used to identify immunological features in
different MAGEA3 groups. The random combination was set
for 1,000 times. NOM p-value <0.05 and FDR <0.05, |NES|>1
were considered significant enrichment.

PPI Network Construction
The R package “Limma” was used to identify DEGs between
MAGEA3 high group and MAGEA3 low group. An adjusted p <
0.05 and |log2FC|>1was used as cutoff values. The STRING website
(http://string-db.org) (32) was used to construct an interactive
network of DEGs and subsequently was visualized by Cytoscape
software. We then filtered out the module that MAGEA3 was
involved in through the MCODE plugin. We also listed MAGEA3-
binding proteins with the experimental evidence identification
based on the STRING database. Then screened out the possible
proteins that may interact with MAGEA3 base on the intersection
of the results of STRING and MCODE.

Candidate miRNA Prediction
To predict the miRNAs that may target MAGEA3, five target
gene prediction websites were analyzed, including, ENCORI,
TargetScan, miRmap, mirDIP, and mircoT. We then used Venn
to conduct an intersection analysis. The ENCORI website was
use to further verify the miRNA in gastric cancer.

Construction of pET21a(+)/MAGEA3
Recombinant Plasmid and Expression
and Purification
The full-length gene sequence of MAGEA3 was optimized by a
prokaryotic codon (www.jcat.de) and synthesized by Shanghai
Biological Engineering Co., Ltd. MAGEA3 was then cloned
into prokaryotic expression vector pET21a(+) to obtain a
recombinant plasmid: pET21(+)/MAGEA3. In order to express
recombinant proteins, Escherichia coli Rosetta transformed with
positive plasmid was induced under 1 mmol/l IPTG at 30°C.
Bacteria were then collected and washed once with PBS. The
lysate was sonicated, and then centrifuged at 10,000×g for 10
min, and the supernatant was collected. The purification of
MAGEA3 proteins were performed according to the procedure
recommended by Qiagen (Hilden, Germany).

Western Blot Assay
To confirm the presence and molecular mass of the MAGEA3
protein, Western blotting was performed using anti-His tag mAb.
MAGE3 proteins were separated by 12% SDS-PAGE, transferred
to a nitrocellulose membrane, and blocked with 5% nonfat milk in
TBS at 37°C for 60 min. After washing with PBST, the membrane
was incubated with 1:8,000 diluted anti-His mAb for 2 h. After
washing, the filters were further incubated with 1:10,000 diluted
HRP-conjugated goat anti-mouse IgG, and protein bands were
visualized with 3,3′-diaminobenzidine tetrahydrochloride (DAB)
kit according to the manufacturer’s instructions.
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Serum Specimens
The study included 93 GC patients, 107 chronic gastritis
patients, and 108 healthy controls recruited from The First
Affiliated Hospital of Wenzhou Medical University between
February 2016 and December 2016. The three groups were
matched for age and gender. Cancer patients who received
radiation or chemotherapy before surgery were excluded.
Histopathological data from surgical specimens were
confirmed by the Department of Pathology. The study was
approved by the Human Research Ethics Committee of The
First Affiliated Hospital of Wenzhou Medical University, and
written informed consent was obtained.

ELISA Assay
Purified MAGEA3 protein and 1:200 diluted serum specimens
were added to ELISA plates as first antibody; 1:10,000 diluted
HRP-labeled human IgG was taken as secondary antibody. Three
replicates were run for each sample. The results were quantified
by recording the absorbance at 490 nm. Cutoff value = the mean
A value of the healthy control + 3SD (33). Meanwhile, the study
also analyzed the relationship between the positive rate of
MAGEA3 antibodies in GC patients and clinicopathological
features such as the TNM staging, pathological differentiation
type, and transfer number of lymph nodes.

Statistical Analysis
Statistical analyses were performed by R-3.5.3 and IBM SPSS
Statistics 23. The experimental data were expressed as mean ±
SD. Differences between two groups were assessed using the t-
test. c2 test was performed to compare the difference of positive
rate of MAGE-A3 antibodies in different groups.
RESULTS

The mRNA Expression Level and
Prognostic Value of MAGEA3 in
Gastric Cancer
The mRNA expression of MAGEA3 in pan-cancer was first
analyzed on the TIMER website. Higher expression of MAGEA3
was observed in GC (Figure 1A). A total of 32 normal controls
and 375 gastric cancer patients were downloaded from TCGA
database in March 2021. As shown in Figure 1B, MAGEA3
expression in the GC group is significantly higher than in the
normal group (p < 0.01) in the TCGA. Similar upregulation of
MAGEA3 expression was observed in GEPIA.

Since MAGEA3 is abnormally highly expressed in tumor
sample, we subsequently investigated the influence of MAGEA3
expression on GC patients’ prognosis and clinicopathology.
According to prognostic results from the TIMER database and
Kaplan-Meier plotter database (Figure 1C), our results indicated
that higher expression of MAGEA3 associated with poorer
overall survival (OS) in GC patients (p < 0.05). We further
evaluated the expression of MAGEA3 in GC patients with
different N-stage. As shown in Figure 2, the expression of
MAGEA3 in N+ was higher than that in N0 (p < 0.05), which
December 2021 | Volume 11 | Article 784925
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may indicate that MAGEA3 expression is correlated to lymph
node metastasis.

Relationship Between MAGEA3
Expression and Tumor-Infiltrating
Immune Cells
Immune checkpoint inhibitors (ICI), a milestone in the field of
cancer immunotherapy, has already improved treatment effect and
survival in many cancer patients (34, 35). According to the
Frontiers in Oncology | www.frontiersin.org 4
expression level of MAGEA3, GC patients were divided into
MAGEA3-high group (n = 188) and MAGEA3-low group (n =
187). Compared with the MAGEA3 low-expression group, the
expression of immune checkpoint-related mRNA included CD274
(PD-L1), PDCD1 (PD-1), CTLA4, HAVCR2 (TIM-3), LAG3,
PDCD1LG2 (PD-L2), and TIGIT, deregulated significantly
(Figure 3A). We also found the expression of MAGEA3 correlates
with TMB (Figure 3B), so we assume that the expression of
MAGEA3 affects the immune status in gastric cancer. We further
FIGURE 2 | MAGEA3 expression increased significantly in gastric cancer–caused lymph node metastasis. *p < 0.05.
A

B C

FIGURE 1 | Expression of MAGEA3 in gastric cancer. (A) MAGEA3 expression in different types of cancer was investigated with the TIMER database. (B) Increased
expression of MAGEA3 in gastric cancer compared to normal tissues in the GEPIA and TCGA database. (C) Correlation between MAGEA3 and prognosis of gastric
cancer in TIMER and Kaplan-Meier plotter database. *p < 0.05; **p < 0.01; ***p < 0.001.
December 2021 | Volume 11 | Article 784925
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used CIBERSORT to explore the distribution of 22 types of immune
cells in GC samples. The corHeatmap (Figure 4A) result showed
that T-cell CD4 memory is activated and T-cell CD8 had a positive
correlation (value = 0.49). T-cell CD8 had a negative correlation
with macrophages M0 (value = −0.45). Correlation heatmap
(Supplementary Figure S1) summarized the results obtained from
69 filtered gene expression matrix, and the relative percent of the 22
immune cells is shown in Figure 4B. Compared with theMAGEA3-
low group, the violin plot of the immune cell showed that,
macrophages M0, master cells activated infiltrated statistically
more, while T-cell CD8, mast cells resting infiltrated statistically
less (Figure 4C).

MAGEA3 Expression Is Correlated With
Immune Infiltration Level in GC in TIMER
Tumor-infiltrating lymphocytes (TILs)were viewed as a prognostic
feature inmanyprimarymalignancies (36). In theTIMERdatabase,
the “SCNA” module results showed that altered MAGEA3 gene
copy numbers seemed to associate with several immune cell
infiltration levels, including CD8+ T cells, CD4+ T cells, B cells,
dendritic cells (DCs), neutrophil, and macrophages in GC
(Figure 5A). The “Gene” module results then showed that
MAGEA3 expression has negative correlation with infiltration of
CD8+T cells (R = −0.24, p = 2.96e−06), neutrophil (R= −0.165, p=
1.4e−03). Dendritic cells (R = −0.171, p = 9.47e−07) (Figure 5B).

The Association Between MAGEA3 and
Immune Marker Expression
We explored the link between MAGEA3 expression and various
immune markers in GC through the TIMER and TISIB databases,
which included 28 TILs, immune stimulatory or inhibitory genes
(including immune checkpoint gene sets), chemokine, chemokine
receptors, andMHCgenes (Table 1; SupplementaryTables S1, S2;
Supplementary Figure S2). After adjustment by tumor purity, the
analysis showed that the expression of MAGEA3 was significantly
associated with most of the marker of immune cells in GC. The
correlationbetweenMAGEA3and activatedT-cellsmarker is listed
in Table 1. In activated CD8 T cells, the correlation between 25
immune markers and the expression of MAGEA3 was analyzed.
Interestingly,MAGEA3expressionwas associatedwith 19 immune
Frontiers in Oncology | www.frontiersin.org 5
markers, except for ADRM1, CSE1L, and GEMIN6, which were
positively correlated; the others are negatively correlated, including
PIK3IP1 (R = −0.2510, p = 7.44e−07), which was recognized as a
negative immunomodulator that inhibits antitumor T-cell
immunity (37). For activated CD4 T cells, MAGEA3 expression
was related to 17 of 25 immune markers, andmost were negatively
correlated, including TRAT1 (Trim), CCL5, ITK, etc. As shown in
Supplementary Figure S2, Supplementary Table S1, MAGEA3
expression was associated with many types of TILs, and most of
them were negatively correlated.

In Supplementary Table S2, the correlation between the
expression of MAGEA3 and 44 common immune control genes
was analyzed. The results showed that MAGEA3 expression was
significantly associated with 34 immune checkpoint markers,
including PDCD1 (PD-1), CD274 (PD-L1), CTLA4, etc. As we
have known, CD274 (PD-L1), CTLA4, and PDCD1 (PD-1) were
biomarkers of response to ICI and already used in cancer
immunotherapy (38–40). Therefore, these results have proven
that MAGEA3may play a key role in tumor immunity. To further
explain the effect of MAGEA3 expression on immune cell
migration, we analyzed the relationship between MAGEA3 and
chemokines and chemokine receptors. The results demonstrated
that MAGEA3 expression was also associated with immune cell-
associated chemokines and chemokine receptors, and most of
them were negatively correlated, such as CCL5 (R = −0.2167, p =
2.09e−05), CXCR3 (R = −0.2274, p = 7.76e−06), and CXCL13
(R = −0.1707, p = 8.50e−04), those results may indicate that the
expression of MAGEA3 may regulate the migration of immune
cells to tumor microenvironment.

Prognostic Analysis of MAGEA3
Expression in GC Based on Immune Cells
We have demonstrated that the expression of MAGEA3 was
associated with the immune infiltration and prognosis in GC.
Therefore, we inferred that the expression of MAGEA3 affected
the prognosis, partly due to immune infiltration.

We did a prognosis analysis based on the MAGEA3
expression levels in the relevant immune cell subgroups via the
Kaplan Meier plotter. The results showed that the low expression
of MAGEA3 in GC in enriched CD4 memory T cells, enriched
A B

FIGURE 3 | Differential expression of immune checkpoints inMAGEA3 groups and correlations of MAGEA3 expression with TMB and MSI. (A) The expression
distribution of Immune checkpoints related gene in MAGEA3 high group and MAGEA3 low group. (B) Correlation analysis of MAGEA3 gene expression and TMB, MSI.
*p < 0.05; **p < 0.01; ***p < 0.001.
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A

B

C

FIGURE 4 | Results of CIBERSORT analysis and immune infiltration between MAGEA3 high- and low-expression groups. (A) Correlation matrix of infiltration degree
of immune cells in GC samples. Red indicates trends consistent with the positive correlation, and blue indicates trends consistent with the negative correlation
between two immune cells. The bigger size of the number statistics data represents the more positive or negative correlation. (B) The distribution of 22 immune cells
in 267 filtered gene matrix. Red indicates higher immune infiltration expression, and green indicates lower expression. (C) Violin diagram of immune cell proportions in
two groups. The blue fusiform fractions on the left represent the MAGEA3 high-expression group, and the red fusiform fractions on the right represent the MAGEA3
low-expression group.
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Th1 cells, and enriched Th2 cell cohort had better prognosis
respectively, but there was no significant correlation in decreased
immune cell groups (Figures 6A, C, D). On the contrary, we
found that the low expression of MAGEA3 in decreased Treg cell
cohort had a better prognosis (Figure 6B). The above analysis
indicated that the MAGEA3 expression in GC may affect
prognosis partly because of immune infiltration.
Frontiers in Oncology | www.frontiersin.org 7
Gene Sets Enriched Analysis About
MAGEA3 in Gastric Cancer
MAGEA3-related signaling pathways involved in GC between low
and high MAGEA3 expression were identified through GSEA and
demonstrated significant differences (NOM p-value <0.05 and
FDR <0.05, |NES|>1) in enrichment of GO and KEGG collection.
We only listed 5 pathways of GO and KEGG because of limited
TABLE 1 | Correlation analysis between MAGEA3 and markers of active T cells.

Activated CD8T cell None Purity Activated CD4T cell None Purity

Cor p Cor p Cor p Cor p

ADRM1 0.2151 9.81E−06* 0.2134 2.80E−05* AIM2 −0.1683 5.76E−04* −0.1559 2.33E−03*
AHSA1 0.0487 3.22E−01 0.0236 6.47E−01 BIRC3 −0.1500 2.19E−03* −0.1222 1.73E−02*
C1GALT1C1 −0.0420 3.93E−01 −0.0450 3.82E−01 BRIP1 0.0227 6.45E−01 0.0118 8.19E−01
CCT6B −0.1221 1.28E−02* −0.1512 3.17E−03* CCL20 0.0862 7.93E−02 0.0846 1.00E−01
CD37 −0.2260 3.31E−06* −0.1959 1.24E−04* CCL4 −0.1407 4.08E−03* −0.1327 9.69E−03*
CD3D −0.2298 2.23E−06* −0.2170 2.04E−05* CCL5 −0.2199 6.13E−06* −0.2167 2.09E−05*
CD3E −0.2333 1.55E−06* −0.2165 2.13E−05* CCNB1 0.1627 8.81E−04* 0.1552 2.44E−03*
CD69 −0.2366 1.09E−06* −0.2209 1.43E−05* CCR7 −0.1742 3.63E−04* −0.1460 4.40E−03*
CD8A −0.2190 6.72E−06* −0.2129 2.94E−05* DUSP2 −0.0556 2.58E−01 −0.0507 3.25E−01
CETN3 −0.0856 8.15E−02 −0.1082 3.52E−02* ESCO2 0.0523 2.88E−01 0.0353 4.94E−01
CSE1L 0.3175 3.56E−11* 0.3064 1.11E−09* ETS1 −0.1394 4.45E−03* −0.1140 2.65E−02*
GEMIN6 0.1625 8.94E−04* 0.1543 2.60E−03* EXO1 0.1758 3.19E−04* 0.1582 2.01E−03*
GNLY −0.1425 3.64E−03* −0.1423 5.50E−03* EXOC6 −0.0361 4.63E−01 −0.0349 4.99E−01
GPT2 −0.0527 2.85E−01 −0.0681 1.86E−01 IARS 0.0160 7.45E−01 0.0011 9.83E−01
GZMA −0.2400 7.52E−07* −0.2412 2.03E−06* ITK −0.2202 5.94E−06* −0.2049 5.83E−05*
GZMH −0.1747 3.50E−04* −0.1740 6.68E−04* KIF11 0.1020 3.78E−02* 0.0796 1.22E−01
GZMK −0.2182 7.28E−06* −0.2066 5.06E−05* KNTC1 0.1677 6.01E−04* 0.1702 8.78E−04*
IL2RB −0.1969 5.38E−05* −0.1848 2.99E−04* NUF2 0.3041 2.49E−10* 0.2713 8.09E−08*
LCK −0.1860 1.39E−04* −0.1506 3.30E−03* PRC1 0.2284 2.59E−06* 0.2157 2.29E−05*
MPZL1 −0.0172 7.27E−01 −0.0185 7.19E−01 PSAT1 0.0110 8.23E−01 0.0063 9.02E−01
NKG7 −0.2258 3.39E−06* −0.2188 1.72E−05* RGS1 −0.1542 1.63E−03* −0.1409 5.99E−03*
PIK3IP1 −0.2699 2.32E−08* −0.2510 7.44E−07* RTKN2 0.1742 3.63E−04* 0.1622 1.53E−03*
PTRH2 0.0819 9.59E−02 0.0646 2.10E−01 SAMSN1 −0.1645 7.70E−04* −0.1348 8.58E−03*
TIMM13 0.0041 9.33E−01 −0.0023 9.65E−01 SELL −0.1406 4.10E−03* −0.1017 4.80E−02*
ZAP70 −0.1872 1.25E−04* −0.1739 6.73E−04* TRAT1 −0.2129 1.22E−05* −0.2031 6.83E−05*
December 2021 | Vo
lume 11 | Art
Cor, R-value of Spearman’s correlation: *p < 0.05.
Bold means p < 0.05.
A

B

FIGURE 5 | Correlation analysis of MAGEA3 expression and immune infiltration in GC by TIMER. (A) Association between MAGEA3 gene copy number and immune
cell infiltration levels in GC cohorts. (B) Correlation of MAGEA3 expression with immune infiltration level in GC. *p < 0.05; **p < 0.01; ***p < 0.001.
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space (Table 2). As shown in Figure 7, 5 KEGG items including
intestinal immune network for IgA production, B-cell receptor
signaling pathway, T-cell receptor signaling, natural killer cell-
mediated cytotoxicity, and toll-like receptor signaling pathway
were enriched in MAGEA3 low-expression phenotype. Five GO
items including regulation of B-cell proliferation, protein complex
involved in cell adhesion, adaptive immune response, positive
regulation of T-cell proliferation, and phagocytic cup have shown
significant differential enrichment in MAGEA3 low-expression
phenotype. There are no KEGG or GO items enriched in
MAGEA3 high-expression phenotype based on NES, NOM p-
value, and FDR value. These all suggest that MAGEA3 plays an
immunomodulatory role in gastric cancer.

PPI Network Construction of
MAGEA3-Related Partners
DEGs in MAGEA3-high group and MAGEA3-low group were
analyzed by “Limma” package. As shown in Figure 8A and
Supplementary Figure S3, 11 significantly upregulated genes
Frontiers in Oncology | www.frontiersin.org 8
and 97 significantly downregulated genes were identified. We
also performed a series of enrichment analyses based on these
DEGs, including KEGG and GO (Supplementary Figure S4). To
understand potential interactions among these DEGs, we also
performed a PPI network analysis by utilizing STRING and
Cytoscape. We first constructed the MAGEA3 coexpression gene
network through Cytoscape (Figure 8B), then filtered out the
module that MAGEA3 was involved in via the MCODE plugin
(Figure 8C), and screened out eight genes interacting with
MAGEA3 including MAGEA12, MAGEA6, CTAG2,
MAGEA1, CSAG1, SSX1, MAGEC2, and PRAME. We also
listed 10 MAGEA3-binding proteins with the experimental
evidence identification based on the STRING database
(Supplementary Figure S5). A Venn analysis showed three
common members: MAGEA12, PRAME, and CSAG1.
MAGEA3 expression was positively correlated with that of
MAGEA12 (R = 0.776, p = 1.09e−84), PRAME (R = 0.417, p =
7.56e−19), and CSAG1 (R = 0.717, p = 1.02e−66) in GC
(Figures 8D, E).
A B

DC

FIGURE 6 | Comparison of Kaplan-Meier survival curves of the high and low expression of MAGEA3 in GC based on immune cell subgroups. Relationships
between MAGEA3 of different immune cell subgroup and prognoses in gastric cancer (A–D).
TABLE 2 | Gene sets enriched in phenotype.

Gene set name NES NOM p-val FDR q-val

KEGG_INTESTINAL_IMMUNE_NETWORK_FOR_IGA_PRODUCTION −2.11 0 0.012
KEGG_NATURAL_KILLER_CELL_MEDIATED_CYTOTOXICITY −1.97 0.002 0.031
KEGG_B_CELL_RECEPTOR_SIGNALING_PATHWAY −1.92 0.006 0.031
KEGG_T_CELL_RECEPTOR_SIGNALING_PATHWAY −1.89 0.004 0.033
KEGG_TOLL_LIKE_RECEPTOR_SIGNALING_PATHWAY −1.84 0.01 0.045
GO_REGULATION_OF_B_CELL_PROLIFERATION −2.17 0 0.048
GO_PROTEIN_COMPLEX_INVOLVED_IN_CELL_ADHESION −2.15 0 0.0034
GO_ADAPTIVE_IMMUNE_RESPONSE −2.13 0.004 0.044
GO_PHAGOCYTIC_CUP −2.12 0 0.0039
GO_POSITIVE_REGULATION_OF_T_CELL_PROLIFERATION −2.12 0 0.048
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FIGURE 7 | Enrichment plots from gene set enrichment analysis (GSEA).
A B

D E

C

FIGURE 8 | PPI network analysis of MAGEA3-related genes. (A) Volcano plot of the differentially expressed genes between MAGEA3 high group and MAGEA3 low
group. (B) PPI structureof co-expressed genes. (C) The top module involved MAGEA3 identified by MCODE plugin in Cytoscape. (D) An intersection analysis of the
MAGEA3-binding and correlated genes was conducted. (E) Correlation analysis between MAGEA3 expressed and screened common genes, including MAGEA12,
PRAME, and CSAG1.
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Prediction and Analysis of Potential
miRNAs Associated With MAGEA3
As we have known, microRNAs are involved in the regulation of
gene expression. We first predicted miRNAs that could
potentially bind to MAGEA3 and finally found 8 miRNAs
targeting MAGEA3 from TargetScan (http://www.targetscan.
org/vert_71/), mirDIP (http://ophid.utoronto.ca/mirDIP/),
ENCORI website [ENCORI: The Encyclopedia of RNA
Interactomes. (sysu.edu.cn)], microT [DIANA TOOLS -
microT-CDS (athena-innovation.gr)], and miRmap [miRmap
(ezlab.org)] (Figure 9A). As listed in Figure 9B, MAGEA3 was
negatively correlated with hsa-let-7i-5p and positively correlated
with hsa-miR-448, hsa-miR-767-3p, hsa-let-7e-5p, and hsa-miR-
18a-5p in GC. Moreover, hsa-miR-767-3p exhibited the
strongest correlation with MAGEA3 (R = 0.795, p = 2.09e−82),
and the expression of hsa-miR-767-3p was significantly different
in gastric cancer and normal tissues (Figure 9C).

Production of the MAGEA3
Full-Length Protein
The codon-optimized MAGEA3 digested with restriction
endonucleases NedI and XhoI was inserted into the pET21a (+)
vector (Figure 10A). The recombinant plasmid was then
transform into E. coli Rosetta and induced by IPTG. Figure 10B
Frontiers in Oncology | www.frontiersin.org 10
shows a band at an appropriate position around 48 kD,
corresponding to MAGEA3 protein. The protein was then
subjected to Western blot with the antibody against His-tag to
identity its specificity. The purified MAGEA3 protein (250 µg/ml)
was obtained through Ni–NTA agarose affinity chromatography
(Figure 10C). This study also conducted the immunogenicity and
antigenicity analysis of the MAGEA3 protein (Supplementary
Figures S6–S8).

Serum Detection of MAGEA3 Antibodies in
GC Patients
The MAGEA3-specific IgG was detected in 93 GC patients, 107
chronic gastritis patients, and 108 healthy controls by ELISA. As
shown in Figure 11A, serum concentration of MAGEA3
antibodies in the GC group (1.049 ± 0.384) was significantly
higher than that of patients with chronic gastritis (0.546 ± 0.278)
and healthy controls (0.412 ± 0.218) (F1 = 15.096, p < 0.01; F2 =
34.373, p < 0.01). The cutoff value was calculated as 1.065, which
was further applied to calculate the positive rate of MAGEA3-
specific IgG. The results show (Figure 11B) that the positive rate
in GC was 44.08% (41/93) and gastritis and healthy control
groups was 6.54% (7/107) and 0.92% (1/109), respectively. The
positive rate of serum antibody in the GC group was significantly
higher than the other two groups (c2

1 = 38.450, p < 0.01; c2
2 = 56.082,
A B C

FIGURE 9 | Prediction potential miRNA of MAGEA3 in GC. (A) The predicted miRNAs targeting MAGEA3 in five databases. (B) The expression correlation between
predicted miRNAs and MAGEA3 in GC analyzed by starBase database. (C) The expression of hsa-miR-767-3p in GC and control normal samples determined by
starBase database.
A B C

FIGURE 10 | pET21(+)/MAGEA3 plasmid contruction and purification. (A) The map of the expression vector pET21a(+)/MAGEA3 codon-optimized MAGEA3 942bp
with 6xHis tag cloned into the prokaryotic expression vector pET21a(+) by NedI/XhoI restriction sites. (B) Affinity purified MAGE-A3 protein expressed from E. coli
Rosetta were analyzed with SDS-PAGE. (C) Affinity purified MAGE-A3 identified by western blot with mouse anti-His mAb. Lane M: pre-stained protein marker; Lane
1, Rosetta; Lane 2, pET21a(+)/Rosetta; Lane 3, pET21a(+)/MAGE-A3 at 48 kDa; Lane4, purified MAGE-A3protein at 48 kDa.
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p < 0.01). Regardless of serum concentration or positive rate, there
was no statistically significant differences between gastritis and
healthy control groups (p > 0.05). The sensitivity of ELISA to
detect MAGEA3-specific IgG for serological diagnosis of GC was
44.08%, while the specificity was 92.54%.
Correlation Between MAGEA3
and Clinical Analysis
The research obtained 43 patients’ histopathological data among
93 gastric cancer patients who underwent radical surgery
(Table 3). No significant differences were identified between
the positive rate of MAGEA3 antibodies and pathological
differentiation type, diameter of tumor, and patient age and
gender. However, the positive rate of serumMAGEA3 antibodies
in stages III and IV was significantly higher than the rate in
stages I and II (p < 0.05). The positive rate in more lymph node
metastasis (N ≥ 3) was also significantly higher than that in the
less lymph node metastasis (N = 0–2).
DISCUSSION

Although rapid clinical treatment progress has changed survival
of gastric cancer beyond recognition, the prognosis of GC
patients still remains unsatisfactory. Immunotherapy such as
anti-PD-1 or anti-PD-L1 therapy is of paramount importance to
advanced GC patients (2). Despite Epstein-Barr virus (EBV)
status, PD-L1 and MSI serve as predictive markers; poor
response or developing resistance is quite common in many
GC patients when receiving immunotherapy (12). Hence, we
need to figure out the mechanism of those limitations and
develop strategies that could improve sensitivity to
immunotherapy in GC patients. Meanwhile, biomarkers that
could predict the prognosis of GC patients are at the forefront of
recent studies, which inspire us to find a new biomarker with
therapeutic value in GC patients (11, 41).

Exactly like numerous proteins belong to MAGE gene family,
MAGEA3 could bind with E3 Really Interesting New Gene
Frontiers in Oncology | www.frontiersin.org 11
(RING) and then enhance its ubiquitin ligase activity (42, 43).
Even though the expression of MAGEA3 is generally confined to
germline cells of the testis and placenta the same as other CTA,
MAGEA3 may function as a potential immunotherapeutic target
with its elevated expression in diverse malignant tumor cells
including melanoma (19), lung cancer (20), and colorectal cancer
(21). Many clinical trials with this antigen also have been carried
out, which include being vaccinated with a strictly tumor-specific
MAGEA3 peptide or MAGEA3 protein. MAGE-3 peptide
vaccine exhibited therapeutic benefits and improved disease-
free survival in melanoma and lung cancer patients according to
preceding clinical trials (44–46). Our group also identified three
predictive immunodominant MAGEA3 epitopes that could
provoke a high concentration of IgG targeting MAGEA3 in
mice (28, 29). However, on account of the capability to trigger
strong T-cell responses, MAGEA3 protein induced by
recombinant technology becomes all the rage in abundant
A B

FIGURE 11 | ELISA analysis of MAGE-A3 specific IgG antibodies in the serum of gastric cancer. (A) MAGE-A3 specific serum IgG antibody levels in three groups of
patients with healthy controls, chronic gastritis and gastric cancer. (B) The serum antibody positive detection rate of MAGE-A3 in each group. *P<0.05.
TABLE 3 | Clinicopathological features and MAGEA3 antibodies detection of
43 patients.

Clinicopathological features Positive rate of MAGEA3 antibodies
(Positive cases/total number)

p

Gender 0.207
Male 0.46 (13/28)
Female 0.27 (4/15)
Age (years) 0.559
<60 0.46 (6/13)
≥60 0.37 (11/30)
Tumor size (cm) 0.350
<5 0.33 (8/24)
≥5 0.47 (9/19)
Differentiation 0.181
Well/moderately 0.28 (5/18)
Poorly/none 0.48 (12/25)
Transfer of lymph node(N) 0.021*
0–2 0.28 (8/29)
≥3 0.64 (9/14)
TNM stage 0.001*
I/II 0.18 (5/28)
III/IV 0.80 (12/15)
December 2021 | Volume 11 | Article 7
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patients with MAGEA3-elevated tumors (47). The data from the
phase 2 randomized NSCLC trial and patients with melanoma
encouraged and moved the MAGEA3 immunotherapeutic
forward (48, 49), while DERMA and MAGRIT which are phase
III clinical trials indicated that MAGEA3 immunotherapeutic
did not benefit overall survival or disease-free survival of
patients with NSCLC or melanoma (26, 27). Sometimes
cancer patients with MAGEA3 mRNA positive still manifest
MAGEA3 immunotherapy resistance because no functional
protein was produced at all (27). Another possible explanation
is deficiency of T-cell responses (especially CD8 responses)
contributing to the absence of clinical effects (50). So far, there
is still no research about what role MAGEA3 plays in the
immunotherapy of GC.

In our research, its biological roles and possible mechanism in
GC were investigated by thorough bioinformatics analysis. We
first discovered that MAGEA3 was elevated in tumor tissues,
which was significantly correlated with poor OS. Simultaneously,
high MAGEA3 expression was linked to the lymph node
metastasis of gastric cancer, which was verified in subsequent
serological studies. This phenomenon is similar to the previous
research results. Futawatari et al. (51) reported the elevated
expression rate of MAGEA3 was found in cancer patients with
lymph node metastasis and venous invasion compared with
those without. Honda et al. (14) found that 66% of GC
patients studied exposed MAGEA3 hypomethylation, which is
positively correlated with lymph node metastasis.

ICI play a crucial role in immunotherapy (52).
Immunotherapy that uses ICI such as nivolumab and
pembrolizumab to inhibit PD-1/PD-L1 axis has been the vogue
for advanced GC patients (53–55). Cytotoxic T-lymphocyte-
associated protein (CTLA)4 was also a receptor that attenuates
the T-cell response. Approved by the U.S. Food and Drug
Administration (FDA), ipilimumab is the first CTLA4
inhibitor that could enhance anticancer immunity (56). TIM3
acts as a “checkpoint” receptor, inhibiting TIM3, which can
enhance the antitumor effect of PD1 blockade (57). In this study,
we unveiled PD1, PD-L1, PD-L2, CTLA4, TIGIT, TIM-3, and
LAG3 were deregulated expression significantly in the MAGEA3
high group, and the expression of MAGEA3 negatively correlates
with TMB. As we have known, TMB affects sensitivity to
immunotherapy using checkpoint inhibitor by regulating the
production of immunogenic peptides (58). The above results
may explain a surprising relationship between increased
expression of a particular subset of MAGEA antigens (include
MAGEA3) and poor ICI response (59).

An additional key finding in this study is that the expression
of MAGEA3 correlated with the degree of immune infiltration
in GC. Using CIBERSORT analytical tool, we found that
macrophages M0, master cells activated were higher in the
MAGEA3 high-expression group, while T-cell CD8, mast cells
resting were higher in the MAGEA3 low-expression group. We
also found that MAGEA3 expression has a negative correlation
with infiltration of CD8+ T cells, neutrophil, and dendritic cells
through the TIMER database analysis. Moreover, MAGEA3 was
significantly correlated with most immune marker sets of various
Frontiers in Oncology | www.frontiersin.org 12
immune cells in GC. These findings together indicate that
MAGEA3 may have an impact on the changes of tumor
immune microenvironment. Prognostic analysis of MAGEA3
expression levels in different tumors based on immune cells was
performed; high MAGEA3 expression level in GC had a poor
prognosis in the enriched CD4 + memory T cell, enriched type 1
T helper cell, and enriched type 2 T helper cell subgroups. Thus,
high expression of MAGEA3 in GC may affect the prognosis of
GC patients in part due to immune infiltration.

We also performed GSEA to further study the functions of
MAGEA3 in GC. GSEA showed that regulation of B-cell
proliferation, adaptive immune response, and positive
regulation of T-cell proliferation in GO were differentially
enriched in MAGEA3 low-expression phenotype. Intestinal
immune network for IgA production, B-cell receptor signaling
pathway, T-cell receptor signaling, natural killer cell-mediated
cytotoxicity, and toll-like receptor signaling pathway in KEGG
were differentially enriched in MAGEA3 low-expression
phenotype. These results indicated that MAGEA3 high
expression results in immune suppression in GC.

Previous studies have shown that promoter demethylation
and histone acetylation mediate the MAGEA3 gene expression
(60, 61). Several studies have reported the expression rate of
MAGEA3 in GC, but the range was wide, varying from 35% to
45%, and most of them were evaluated at mRNA level (51, 62). In
the present study, we prepared and expressed MAGEA3 proteins
by the prokaryotic expression system. When MAGEA3 protein
was used as an ELISA diagnostic antigen, it can be recognized by
tumor that expressed MAGEA3. The positive rate was 44.08%,
which agree with previously reported rates, were obviously
higher than control groups. Full-length MAGEA3 protein also
contain epitopes for both T cells that carry the CD4 or CD8
antigen that have been detected in people with cancer; these
epitopes can generate protective immunity through binding
MHC class I or MHC class II molecules (63, 64), so injected
MAGEA3 protein can induce the high-level humoral and cellular
immune responses, and a large proportion of gastric cancer
patients who were MAGEA3 positive identified by ELISA may be
candidates for immunotherapy. MAGEA3 may be used not only
as a diagnostic agent for gastric cancer patients but also as a
potential target antigen for gastric cancer immunotherapy.

In summary, our study revealed that MAGEA3 is associated
with lymph node metastasis and correlates with immune
infiltration levels in GC. We also screened out MAGEA3
interacting proteins and miRNA which need further
experimental validation. We believe MAGEA3 can serve as a
new biomarker in gastric cancer and provide more effective
therapies in the era of immunotherapy.
DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/Supplementary Material.
December 2021 | Volume 11 | Article 784925

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


Jin et al. Analysis of MAGEA3 in Gastric Cancer
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee of The First Affiliated Hospital
of Wenzhou Medical University. The patients/participants
provided their written informed consent to participate in this
study. The animal study was reviewed and approved by the Ethics
Committee of The First Affiliated Hospital of Wenzhou Medical
University. Written informed consent was obtained from the
individual(s) for the publication of any potentially identifiable
images or data included in this article.
AUTHOR CONTRIBUTIONS

JJ and JT: conceptualization, methodology, and writing—original
draft. JR and YC: software and visualization. WC: complete basic
experiments andverification. LZ: analyzed and interpreted the data.
QZ: review and editing. GZ: project administration. All authors
contributed to the article and approved the submitted version.
Frontiers in Oncology | www.frontiersin.org 13
FUNDING

This study was supported by grants from The Public Welfare
Foundation of Zhejiang Province (No. Lgf18h160030) and the
Wenzhou Basic Scientific Research Projects (No. Y20210941).
ACKNOWLEDGMENTS

We acknowledge TCGA for providing their platforms and
contributors for uploading their meaningful datasets.
SUPPLEMENTARY MATERIAL

The SupplementaryMaterial for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fonc.2021.784925/
full#supplementary-material
REFERENCES
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.

Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and
Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin
(2021) 71(3):209–49. doi: 10.3322/caac.21660

2. Zayac A, Almhanna K. Esophageal, Gastric Cancer and Immunotherapy:
Small Steps in the Right Direction? Transl Gastroenterol Hepatol (2020) 5:9.
doi: 10.21037/tgh.2019.09.05

3. Gonzalez CA, Megraud F, Buissonniere A, Lujan Barroso L, Agudo A, Duell
EJ, et al. Helicobacter Pylori Infection Assessed by ELISA and by Immunoblot
and Noncardia Gastric Cancer Risk in a Prospective Study: The Eurgast-EPIC
Project. Ann Oncol (2012) 23(5):1320–4. doi: 10.1093/annonc/mdr384

4. Schistosomes, Liver Flukes and Helicobacter Pylori. IARCWorking Group on
the Evaluation of Carcinogenic Risks to Humans. Lyon, 7-14 June 1994. IARC
Monogr Eval Carcinog Risks Hum (1994) 61:1–241. doi: 10.1002/
ijc.2910600502

5. Choi IJ, Kim CG, Lee JY, Kim YI, Kook MC, Park B, et al. Family History of
Gastric Cancer and Helicobacter Pylori Treatment. N Engl J Med (2020) 382
(5):427–36. doi: 10.1056/NEJMoa1909666

6. Camargo MC, Murphy G, Koriyama C, Pfeiffer RM, Kim WH, Herrera-
Goepfert R, et al. Determinants of Epstein-Barr Virus-Positive Gastric
Cancer: An International Pooled Analysis. Br J Cancer (2011) 105(1):38–43.
doi: 10.1038/bjc.2011.215

7. Karimi P, Islami F, Anandasabapathy S, Freedman ND, Kamangar F. Gastric
Cancer: Descriptive Epidemiology, Risk Factors, Screening, and Prevention.
Cancer Epidemiol Biomarkers Prev (2014) 23(5):700–13. doi: 10.1158/1055-
9965.EPI-13-1057

8. Thrift AP, El-Serag HB. Burden of Gastric Cancer. Clin Gastroenterol Hepatol
(2020) 18(3):534–42. doi: 10.1016/j.cgh.2019.07.045

9. Ishigami S, Natsugoe S, Hokita S, Che X, Tokuda K, Nakajo A, et al. Clinical
Importance of Preoperative Carcinoembryonic Antigen and Carbohydrate
Antigen 19-9 Levels in Gastric Cancer. J Clin Gastroenterol (2001) 32(1):41–4.
doi: 10.1097/00004836-200101000-00010

10. Tatsuta M, Itoh T, Okuda S, Yamamura H, Baba M, Tamura H.
Carcinoembryonic Antigen in Gastric Juice as an Aid in Diagnosis of Early
Gastric Cancer. Cancer (1980) 46(12):2686–92. doi: 10.1002/1097-0142
(19801215)46:12<2686::AID-CNCR2820461225>3.0.CO;2-E

11. Ye DM, Xu G, Ma W, Li Y, Luo W, Xiao Y, et al. Significant Function and
Research Progress of Biomarkers in Gastric Cancer. Oncol Lett (2020) 19
(1):17–29. doi: 10.3892/ol.2019.11078
12. Kwak Y, Seo AN, Lee HE, Lee HS. Tumor Immune Response and
Immunotherapy in Gastric Cancer. J Pathol Transl Med (2020) 54(1):20–
33. doi: 10.4132/jptm.2019.10.08

13. Brasseur F, Rimoldi D, Lienard D, Lethe B, Carrel S, Arienti F, et al.
Expression of MAGE Genes in Primary and Metastatic Cutaneous
Melanoma. Int J Cancer (1995) 63(3):375–80. doi: 10.1002/ijc.2910630313

14. Honda T, Tamura G, Waki T, Kawata S, Terashima M, Nishizuka S, et al.
Demethylation of MAGE Promoters During Gastric Cancer Progression. Br J
Cancer (2004) 90(4):838–43. doi: 10.1038/sj.bjc.6601600

15. Moreno-Bost A, Szmania S, Stone K, Garg T, Hoerring A, Szymonifka J, et al.
Epigenetic Modulation of MAGE-A3 Antigen Expression in Multiple
Myeloma Following Treatment With the Demethylation Agent 5-
Azacitidine and the Histone Deacetlyase Inhibitor MGCD0103. Cytotherapy
(2011) 13(5):618–28. doi: 10.3109/14653249.2010.529893

16. Liu S, Zhao Y, Xu Y, Sang M, Zhao R, Gu L, et al. The Clinical Significance of
Methylation of MAGE-A1 and-A3 Promoters and Expression of DNA
Methyltransferase in Patients With Laryngeal Squamous Cell Carcinoma.
Am J Otolaryngol (2020) 41(1):102318. doi: 10.1016/j.amjoto.2019.102318

17. Baran CA, Agaimy A, Wehrhan F, Weber M, Hille V, Brunner K, et al.
MAGE-A Expression in Oral and Laryngeal Leukoplakia Predicts Malignant
Transformation. Mod Pathol (2019) 32(8):1068–81. doi: 10.1038/s41379-019-
0253-5

18. Lerut E, Van Poppel H, Joniau S, Gruselle O, Coche T, Therasse P. Rates of
MAGE-A3 and PRAME Expressing Tumors in FFPE Tissue Specimens From
Bladder Cancer Patients: Potential Targets for Antigen-Specific Cancer
Immunotherapeutics. Int J Clin Exp Pathol (2015) 8(8):9522–32.

19. Gaugler B, Van den Eynde B, van der Bruggen P, Romero P, Gaforio JJ, De
Plaen E, et al. Human Gene MAGE-3 Codes for an Antigen Recognized on a
Melanoma by Autologous Cytolytic T Lymphocytes. J Exp Med (1994) 179
(3):921–30. doi: 10.1084/jem.179.3.921

20. Sienel W, Varwerk C, Linder A, Kaiser D, Teschner M, Delire M, et al.
Melanoma Associated Antigen (MAGE)-A3 Expression in Stages I and II
Non-Small Cell Lung Cancer: Results of a Multi-Center Study. Eur J
Cardiothorac Surg (2004) 25(1):131–4. doi: 10.1016/j.ejcts.2003.09.015

21. Tarnowski M, Czerewaty M, Deskur A, Safranow K, Marlicz W, Urasinska E,
et al. Expression of Cancer Testis Antigens in Colorectal Cancer: New
Prognostic and Therapeutic Implications. Dis Markers (2016) 2016:1987505.
doi: 10.1155/2016/1987505

22. McQuade JL, Homsi J, Torres-Cabala CA, Bassett R, Popuri RM, James ML,
et al. A Phase II Trial of Recombinant MAGE-A3 Protein With
Immunostimulant AS15 in Combination With High-Dose Interleukin-2
December 2021 | Volume 11 | Article 784925

https://www.frontiersin.org/articles/10.3389/fonc.2021.784925/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.784925/full#supplementary-material
https://doi.org/10.3322/caac.21660
https://doi.org/10.21037/tgh.2019.09.05
https://doi.org/10.1093/annonc/mdr384
https://doi.org/10.1002/ijc.2910600502
https://doi.org/10.1002/ijc.2910600502
https://doi.org/10.1056/NEJMoa1909666
https://doi.org/10.1038/bjc.2011.215
https://doi.org/10.1158/1055-9965.EPI-13-1057
https://doi.org/10.1158/1055-9965.EPI-13-1057
https://doi.org/10.1016/j.cgh.2019.07.045
https://doi.org/10.1097/00004836-200101000-00010
https://doi.org/10.1002/1097-0142(19801215)46:12%3C2686::AID-CNCR2820461225%3E3.0.CO;2-E
https://doi.org/10.1002/1097-0142(19801215)46:12%3C2686::AID-CNCR2820461225%3E3.0.CO;2-E
https://doi.org/10.3892/ol.2019.11078
https://doi.org/10.4132/jptm.2019.10.08
https://doi.org/10.1002/ijc.2910630313
https://doi.org/10.1038/sj.bjc.6601600
https://doi.org/10.3109/14653249.2010.529893
https://doi.org/10.1016/j.amjoto.2019.102318
https://doi.org/10.1038/s41379-019-0253-5
https://doi.org/10.1038/s41379-019-0253-5
https://doi.org/10.1084/jem.179.3.921
https://doi.org/10.1016/j.ejcts.2003.09.015
https://doi.org/10.1155/2016/1987505
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Jin et al. Analysis of MAGEA3 in Gastric Cancer
(HDIL2) Induction Therapy in Metastatic Melanoma. BMC Cancer (2018) 18
(1):1274. doi: 10.1186/s12885-018-5193-9

23. Lu YC, Parker LL, Lu T, Zheng Z, Toomey MA, White DE, et al. Treatment of
Patients With Metastatic Cancer Using a Major Histocompatibility Complex
Class II-Restricted T-Cell Receptor Targeting the Cancer Germline Antigen
MAGE-A3. J Clin Oncol (2017) 35(29):3322–9. doi: 10.1200/JCO.2017.74.5463

24. Krishnadas DK, Shusterman S, Bai F, Diller L, Sullivan JE, Cheerva AC, et al.
A Phase I Trial Combining Decitabine/Dendritic Cell Vaccine Targeting
MAGE-A1, MAGE-A3 and NY-ESO-1 for Children With Relapsed or
Therapy-Refractory Neuroblastoma and Sarcoma. Cancer Immunol
Immunother (2015) 64(10):1251–60. doi: 10.1007/s00262-015-1731-3

25. Pujol JL, Vansteenkiste JF, De Pas TM, Atanackovic D, Reck M, Thomeer M,
et al. Safety and Immunogenicity of MAGE-A3 Cancer Immunotherapeutic
With or Without Adjuvant Chemotherapy in Patients With Resected Stage IB
to III MAGE-A3-Positive Non-Small-Cell Lung Cancer. J Thorac Oncol
(2015) 10(10):1458–67. doi: 10.1097/JTO.0000000000000653

26. Dreno B, Thompson JF, Smithers BM, Santinami M, Jouary T, Gutzmer R,
et al. MAGE-A3 Immunotherapeutic as Adjuvant Therapy for Patients With
Resected, MAGE-A3-Positive, Stage III Melanoma (DERMA): A Double-
Blind, Randomised, Placebo-Controlled, Phase 3 Trial. Lancet Oncol (2018) 19
(7):916–29. doi: 10.1016/S1470-2045(18)30254-7

27. Vansteenkiste JF, Cho BC, Vanakesa T, De Pas T, Zielinski M, Kim MS, et al.
Efficacy of the MAGE-A3 Cancer Immunotherapeutic as Adjuvant Therapy in
Patients With Resected MAGE-A3-Positive Non-Small-Cell Lung Cancer
(MAGRIT): A Randomised, Double-Blind, Placebo-Controlled, Phase 3 Trial.
Lancet Oncol (2016) 17(6):822–35. doi: 10.1016/S1470-2045(16)00099-1

28. Shen X, Jin J, Ding Y, Wang P, Wang A, Xiao D, et al. Novel
Immunodominant Epitopes Derived From MAGE-A3 and Its Significance
in Serological Diagnosis of Gastric Cancer. J Cancer Res Clin Oncol (2013) 139
(9):1529–38. doi: 10.1007/s00432-013-1463-8

29. Chen Q, LiW,Wang P, Shao H, Ding Y,WangW, et al. Induction of Humoral
and Cellular Immune Responses in Mice by Multiepitope Vaccines
Composing of Both T and B Lymphocyte Epitopes of MAGE-A3 Which
Are Recombined Into HBcAg. Protein Pept Lett (2017) 24(10):947–54. doi:
10.2174/0929866524666170621094921

30. Li T, Fan J, Wang B, Traugh N, Chen Q, Liu JS, et al. TIMER: A Web Server
for Comprehensive Analysis of Tumor-Infiltrating Immune Cells. Cancer Res
(2017) 77(21):e108–10. doi: 10.1158/0008-5472.CAN-17-0307

31. van Velzen MJM, Derks S, van Grieken NCT, Haj Mohammad N, van
Laarhoven HWM. MSI as a Predictive Factor for Treatment Outcome of
Gastroesophageal Adenocarcinoma. Cancer Treat Rev (2020) 86:102024. doi:
10.1016/j.ctrv.2020.102024

32. SzklarczykD,GableAL,LyonD, JungeA,WyderS,Huerta-Cepas J, et al. STRING
V11: Protein-Protein Association Networks With Increased Coverage,
Supporting Functional Discovery in Genome-Wide Experimental Datasets.
Nucleic Acids Res (2019) 47(D1):D607–13. doi: 10.1093/nar/gky1131

33. Vantomme V, Dantinne C, Amrani N, Permanne P, Gheysen D, Bruck C,
et al. Immunologic Analysis of a Phase I/II Study of VaccinationWith MAGE-
3 Protein Combined With the AS02B Adjuvant in Patients With MAGE-3-
Positive Tumors. J Immunother (2004) 27(2):124–35. doi: 10.1097/00002371-
200403000-00006

34. Akinleye A, Rasool Z. Immune Checkpoint Inhibitors of PD-L1 as Cancer
Therapeutics. J Hematol Oncol (2019) 12(1):92. doi: 10.1186/s13045-019-0779-5

35. Topalian SL, Drake CG, Pardoll DM. Immune Checkpoint Blockade: A
Common Denominator Approach to Cancer Therapy. Cancer Cell (2015)
27(4):450–61. doi: 10.1016/j.ccell.2015.03.001

36. Azimi F, Scolyer RA, Rumcheva P, Moncrieff M, Murali R, McCarthy SW, et al.
Tumor-Infiltrating Lymphocyte Grade Is an Independent Predictor of Sentinel
Lymph Node Status and Survival in Patients With Cutaneous Melanoma. J Clin
Oncol (2012) 30(21):2678–83. doi: 10.1200/JCO.2011.37.8539

37. Chen Y, Wang J, Wang X, Li X, Song J, Fang J, et al. Pik3ip1 Is a Negative
Immune Regulator That Inhibits Antitumor T-Cell Immunity. Clin Cancer
Res (2019) 25(20):6180–94. doi: 10.1158/1078-0432.CCR-18-4134

38. Doroshow DB, Bhalla S, Beasley MB, Sholl LM, Kerr KM, Gnjatic S, et al. PD-
L1 as a Biomarker of Response to Immune-Checkpoint Inhibitors. Nat Rev
Clin Oncol (2021) 18(6):345–62. doi: 10.1038/s41571-021-00473-5

39. Alsaab HO, Sau S, Alzhrani R, Tatiparti K, Bhise K, Kashaw SK, et al. PD-1
and PD-L1 Checkpoint Signaling Inhibition for Cancer Immunotherapy:
Frontiers in Oncology | www.frontiersin.org 14
Mechanism, Combinations, and Clinical Outcome. Front Pharmacol (2017)
8:561. doi: 10.3389/fphar.2017.00561

40. Liu JN, Kong XS, Huang T, Wang R, Li W, Chen QF. Clinical Implications of
Aberrant PD-1 and CTLA4 Expression for Cancer Immunity and Prognosis:
A Pan-Cancer Study. Front Immunol (2020) 11:2048. doi: 10.3389/
fimmu.2020.02048

41. Matsuzaki J, Tsugawa H, Suzuki H. Precision Medicine Approaches to
Prevent Gastric Cancer. Gut Liver (2020) 15(1):3–12. doi: 10.5009/gnl19257

42. Doyle JM, Gao J, Wang J, Yang M, Potts PR. MAGE-RING Protein
Complexes Comprise a Family of E3 Ubiquitin Ligases. Mol Cell (2010) 39
(6):963–74. doi: 10.1016/j.molcel.2010.08.029

43. Feng Y, Gao J, Yang M. When MAGE Meets RING: Insights Into Biological
Functions of MAGE Proteins. Protein Cell (2011) 2(1):7–12. doi: 10.1007/
s13238-011-1002-9

44. Vogel TU, Visan L, Ljutic B, Gajewska B, Caterini J, Salha D, et al. Preclinical
Qualification of aNewMulti-AntigenCandidateVaccine forMetastaticMelanoma.
J Immunother (2010) 33(8):743–58. doi: 10.1097/CJI.0b013e3181eccc87

45. Wojas-Krawczyk K, Krawczyk P, Buczkowski J, Walkowska A, Jankowska O,
Czekajska-Chehab E, et al. Immunotherapy of Lung Adenocarcinoma Patient
With Peptide-Pulsed Dendritic Cells: A Case Report. Arch Immunol Ther Exp
(Warsz) (2012) 60(1):69–77. doi: 10.1007/s00005-011-0157-7

46. Russo V, Pilla L, Lunghi F, Crocchiolo R, Greco R, Ciceri F, et al. Clinical and
Immunologic Responses in Melanoma Patients Vaccinated With MAGE-A3-
Genetically Modified Lymphocytes. Int J Cancer (2013) 132(11):2557–66. doi:
10.1002/ijc.27939

47. Tyagi P, Mirakhur B. MAGRIT: The Largest-Ever Phase III Lung Cancer Trial
Aims to Establish a Novel Tumor-Specific Approach to Therapy. Clin Lung
Cancer (2009) 10(5):371–4. doi: 10.3816/CLC.2009.n.052

48. Kruit WH, Suciu S, Dreno B, Mortier L, Robert C, Chiarion-Sileni V, et al.
Selection of Immunostimulant AS15 for Active Immunization With MAGE-
A3 Protein: Results of a Randomized Phase II Study of the European
Organisation for Research and Treatment of Cancer Melanoma Group in
Metastatic Melanoma. J Clin Oncol (2013) 31(19):2413–20. doi: 10.1200/
JCO.2012.43.7111

49. Vansteenkiste J, Zielinski M, Linder A, Dahabreh J, Gonzalez EE, Malinowski
W, et al. Adjuvant MAGE-A3 Immunotherapy in Resected Non-Small-Cell
Lung Cancer: Phase II Randomized Study Results. J Clin Oncol (2013) 31
(19):2396–403. doi: 10.1200/JCO.2012.43.7103

50. Daud AI. Negative But Not Futile: MAGE-A3 Immunotherapeutic for
Melanoma. Lancet Oncol (2018) 19(7):852–3. doi: 10.1016/S1470-2045(18)
30353-X

51. Futawatari N, Fukuyama T, Yamamura R, Shida A, Takahashi Y, Nishi Y,
et al. Early Gastric Cancer Frequently has High Expression of KK-LC-1, a
Cancer-Testis Antigen. World J Gastroenterol (2017) 23(46):8200–6. doi:
10.3748/wjg.v23.i46.8200

52. Kono K, Nakajima S, Mimura K. Current Status of Immune Checkpoint
Inhibitors for Gastric Cancer. Gastric Cancer (2020) 23(4):565–78. doi:
10.1007/s10120-020-01090-4

53. Kang YK, Boku N, Satoh T, Ryu MH, Chao Y, Kato K, et al. Nivolumab in
Patients With Advanced Gastric or Gastro-Oesophageal Junction Cancer
Refractory to, or Intolerant of, at Least Two Previous Chemotherapy
Regimens (ONO-4538-12, ATTRACTION-2): A Randomised, Double-
Blind, Placebo-Controlled, Phase 3 Trial. Lancet (2017) 390(10111):2461–
71. doi: 10.1016/S0140-6736(17)31827-5

54. Muro K, Chung HC, Shankaran V, Geva R, Catenacci D, Gupta S, et al.
Pembrolizumab for Patients With PD-L1-Positive Advanced Gastric Cancer
(KEYNOTE-012): A Multicentre, Open-Label, Phase 1b Trial. Lancet Oncol
(2016) 17(6):717–26. doi: 10.1016/S1470-2045(16)00175-3

55. Janjigian YY, Shitara K, Moehler M, Garrido M, Salman P, Shen L, et al. First-
Line Nivolumab Plus Chemotherapy Versus Chemotherapy Alone for
Advanced Gastric, Gastro-Oesophageal Junction, and Oesophageal
Adenocarcinoma (CheckMate 649): A Randomised, Open-Label, Phase 3
Trial. Lancet (2021) 398(10294):27–40. doi: 10.1016/S0140-6736(21)00797-2

56. PostowMA, CallahanMK,Wolchok JD. Immune Checkpoint Blockade in Cancer
Therapy. J Clin Oncol (2015) 33(17):1974–82. doi: 10.1200/JCO.2014.59.4358

57. Wolf Y, Anderson AC, Kuchroo VK. TIM3 Comes of Age as an Inhibitory
Receptor. Nat Rev Immunol (2020) 20(3):173–85. doi: 10.1038/s41577-019-
0224-6
December 2021 | Volume 11 | Article 784925

https://doi.org/10.1186/s12885-018-5193-9
https://doi.org/10.1200/JCO.2017.74.5463
https://doi.org/10.1007/s00262-015-1731-3
https://doi.org/10.1097/JTO.0000000000000653
https://doi.org/10.1016/S1470-2045(18)30254-7
https://doi.org/10.1016/S1470-2045(16)00099-1
https://doi.org/10.1007/s00432-013-1463-8
https://doi.org/10.2174/0929866524666170621094921
https://doi.org/10.1158/0008-5472.CAN-17-0307
https://doi.org/10.1016/j.ctrv.2020.102024
https://doi.org/10.1093/nar/gky1131
https://doi.org/10.1097/00002371-200403000-00006
https://doi.org/10.1097/00002371-200403000-00006
https://doi.org/10.1186/s13045-019-0779-5
https://doi.org/10.1016/j.ccell.2015.03.001
https://doi.org/10.1200/JCO.2011.37.8539
https://doi.org/10.1158/1078-0432.CCR-18-4134
https://doi.org/10.1038/s41571-021-00473-5
https://doi.org/10.3389/fphar.2017.00561
https://doi.org/10.3389/fimmu.2020.02048
https://doi.org/10.3389/fimmu.2020.02048
https://doi.org/10.5009/gnl19257
https://doi.org/10.1016/j.molcel.2010.08.029
https://doi.org/10.1007/s13238-011-1002-9
https://doi.org/10.1007/s13238-011-1002-9
https://doi.org/10.1097/CJI.0b013e3181eccc87
https://doi.org/10.1007/s00005-011-0157-7
https://doi.org/10.1002/ijc.27939
https://doi.org/10.3816/CLC.2009.n.052
https://doi.org/10.1200/JCO.2012.43.7111
https://doi.org/10.1200/JCO.2012.43.7111
https://doi.org/10.1200/JCO.2012.43.7103
https://doi.org/10.1016/S1470-2045(18)30353-X
https://doi.org/10.1016/S1470-2045(18)30353-X
https://doi.org/10.3748/wjg.v23.i46.8200
https://doi.org/10.1007/s10120-020-01090-4
https://doi.org/10.1016/S0140-6736(17)31827-5
https://doi.org/10.1016/S1470-2045(16)00175-3
https://doi.org/10.1016/S0140-6736(21)00797-2
https://doi.org/10.1200/JCO.2014.59.4358
https://doi.org/10.1038/s41577-019-0224-6
https://doi.org/10.1038/s41577-019-0224-6
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Jin et al. Analysis of MAGEA3 in Gastric Cancer
58. Havel JJ, Chowell D, Chan TA. The Evolving Landscape of Biomarkers for
Checkpoint Inhibitor Immunotherapy. Nat Rev Cancer (2019) 19(3):133–50.
doi: 10.1038/s41568-019-0116-x

59. Shukla SA,BachireddyP, SchillingB,GalonskaC,ZhanQ,BangoC, et al. Cancer-
Germline Antigen Expression Discriminates Clinical Outcome to CTLA-4
Blockade. Cell (2018) 173(3):624–33 e8. doi: 10.1016/j.cell.2018.03.026

60. De Smet C, Lurquin C, Lethe B, Martelange V, Boon T. DNA Methylation Is
the Primary Silencing Mechanism for a Set of Germ Line- and Tumor-Specific
Genes With a CpG-Rich Promoter. Mol Cell Biol (1999) 19(11):7327–35. doi:
10.1128/MCB.19.11.7327

61. Wischnewski F, Pantel K, Schwarzenbach H. Promoter Demethylation and
Histone Acetylation Mediate Gene Expression of MAGE-A1, -A2, -A3, and
-A12 in Human Cancer Cells. Mol Cancer Res (2006) 4(5):339–49. doi:
10.1158/1541-7786.MCR-05-0229

62. Sadanaga N, Nagashima H, Tahara K, Yoshikawa Y, Mori M. The
Heterogeneous Expression of MAGE-3 Protein: Difference Between
Primary Lesions and Metastatic Lymph Nodes in Gastric Carcinoma. Oncol
Rep (1999) 6(5):975–7. doi: 10.3892/or.6.5.975

63. Melero I, Gaudernack G, Gerritsen W, Huber C, Parmiani G, Scholl S, et al.
Therapeutic Vaccines for Cancer: An Overview of Clinical Trials. Nat Rev Clin
Oncol (2014) 11(9):509–24. doi: 10.1038/nrclinonc.2014.111
Frontiers in Oncology | www.frontiersin.org 15
64. Chen DS, Mellman I. Elements of Cancer Immunity and the Cancer-
Immune Set Point. Nature (2017) 541(7637):321–30. doi: 10.1038/
nature21349

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

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

Copyright © 2021 Jin, Tu, Ren, Cai, Chen, Zhang, Zhang and Zhu. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
December 2021 | Volume 11 | Article 784925

https://doi.org/10.1038/s41568-019-0116-x
https://doi.org/10.1016/j.cell.2018.03.026
https://doi.org/10.1128/MCB.19.11.7327
https://doi.org/10.1158/1541-7786.MCR-05-0229
https://doi.org/10.3892/or.6.5.975
https://doi.org/10.1038/nrclinonc.2014.111
https://doi.org/10.1038/nature21349
https://doi.org/10.1038/nature21349
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Comprehensive Analysis to Identify MAGEA3 Expression Correlated With Immune Infiltrates and Lymph Node Metastasis in Gastric Cancer
	Introduction
	Methods
	Gastric Cancer Patients in TCGA
	TIMER Analysis
	Kaplan-Meier Plotter Analysis
	Immune Checkpoints and TMB and MSI Analyses
	CIBERSORT Analysis
	Gene Set Enrichment Analysis
	PPI Network Construction
	Candidate miRNA Prediction
	Construction of pET21a(+)/MAGEA3 Recombinant Plasmid and Expression and Purification
	Western Blot Assay
	Serum Specimens
	ELISA Assay
	Statistical Analysis

	Results
	The mRNA Expression Level and Prognostic Value of MAGEA3 in Gastric Cancer
	Relationship Between MAGEA3 Expression and Tumor-Infiltrating Immune Cells
	MAGEA3 Expression Is Correlated With Immune Infiltration Level in GC in TIMER
	The Association Between MAGEA3 and Immune Marker Expression
	Prognostic Analysis of MAGEA3 Expression in GC Based on Immune Cells
	Gene Sets Enriched Analysis About MAGEA3 in Gastric Cancer
	PPI Network Construction of MAGEA3-Related Partners
	Prediction and Analysis of Potential miRNAs Associated With MAGEA3
	Production of the MAGEA3 Full-Length Protein
	Serum Detection of MAGEA3 Antibodies in GC Patients
	Correlation Between MAGEA3 and Clinical Analysis

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



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

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


