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Autophagy-related prognostic
signature characterizes tumor
microenvironment and predicts
response to ferroptosis in
gastric cancer
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Background: Gastric cancer (GC) is an important disease and the fifth most
common malignancy worldwide. Autophagy is an important process for the
turnover of intracellular substances. Autophagy-related genes (ARGs) are
crucial in cancer. Accumulating evidence indicates the clinicopathological
significance of the tumor microenvironment (TME) in predicting prognosis
and treatment efficacy.

Methods: Clinical and gene expression data of GC were obtained from The
Cancer Genome Atlas and Gene Expression Omnibus databases. A total of 22
genes with differences in expression and prognosis were screened from 232
ARGs. Three autophagy patterns were identified using an unsupervised
clustering algorithm and scored using principal component analysis to
predict the value of autophagy in the prognosis of GC patients. Finally, the
relationship between autophagy and ferroptosis was validated in gastric
cancer cells.

Results: The expression of ARGs showed obvious heterogeneity in GC patients.
Three autophagy patterns were identified and used to predict the overall
survival of GC patients. These three patterns were well-matched with the
immunophenotype. Kyoto Encyclopedia of Genes and Genomes and Gene
Ontology enrichment analyses showed that the biological functions of the
three autophagy patterns were different. A scoring system was then set up to
quantify the autophagy model and further evaluate the response of the patients
to the immunotherapy. Patients with high autophagy scores had a more severe
tumor mutation burden and better prognosis. High autophagy scores were
accompanied by high microsatellite instability. Patients with high autophagy
scores had significantly higher PD-L1 expression and increased survival. The
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experimental results confirmed that the expression of ferroptosis genes was positively
correlated with the expression of autophagy genes in different autophagy clusters,
and inhibition of autophagy dramatically reversed the decrease in ferroptotic cell

Conclusions: Autophagy patterns are involved in TME diversity and complexity.
Autophagy score can be used as an independent prognostic biomarker in GC
patients and to predict the effect of immunotherapy and ferroptosis-based therapy.

This might benefit individualized treatment for GC.

autophagy, gastric cancer, tumor microenvironment, microsatellite instability,

Li et al.
death and lipid accumulation.
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Introduction

Gastric cancer (GC) is the fifth most common cancer
worldwide and the third most common cause of cancer-related
death. The estimated number of GC cases exceeds one million
annually (1). The most important GC risk factor is Helicobacter
pylori infection; age and a diet high in salt intake are also
associated with GC (2-5). GC is usually diagnosed by
endoscopy. Surgery or endoscopic resection remains a
powerful treatment option (6). GC is mostly found in late
stages. Tumor heterogeneity and immune response are due to
abnormalities in the tumor microenvironment (TME).
Therefore, the prognosis of patients cannot be guaranteed.
Although several different molecular classification systems for
GC have been proposed in the past decade (7, 8), effective
precision treatment strategies still need to be explored.

Autophagy is the process of transporting damaged,
denatured, or senescent proteins and organelles in cells to
lysosomes for digestion and degradation. Autophagy plays a
key role in regulating organismal development and maintaining
homeostasis and quality control of proteins and organelles (9).
Under normal physiological conditions, autophagy helps cells
maintain their homeostatic state (10). During stress, autophagy
prevents the accumulation of toxic or carcinogenic proteins and
inhibits carcinogenesis. Once a tumor is formed, autophagy
provides abundant nutrients for cancer cells and promotes
tumor growth (11). Additionally, autophagy is increasingly
investigated as a molecular target for cancer therapy. Our
recent study demonstrated that excess autophagy results in
autophagic cell death (12). However, autophagy plays two
roles in tumorigenesis and development. The impact of
autophagy on cancer depends on a variety of factors, such as
TME, cancer type and stage, and genetic background (13). This
reflects the intricate regulatory relationship of autophagy in
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tumors, which needs to be further clarified through more
extensive studies. Ferroptosis is a regulated form of cell death
that is morphologically, biochemically, and genetically distinct
from apoptosis, necrosis, and autophagy (14). In recent years,
research on ferroptosis in cancer has grown rapidly, providing
prospects for its application in cancer therapy (15). The
interaction between ferroptosis and tumor-related signaling
pathways has potential applications in systemic therapy,
radiotherapy, and immunotherapy. Targeting GC cells by
stimulating ferroptosis through various targets has become a
potential therapeutic strategy for gastric cancer (16). In addition,
the sensitivity of tumors to ferroptosis therapy has become an
important condition for judging the prognosis of patients (15).

The TME is an important component of tumor tissues,
including various immune cells, stromal cells, and extracellular
components. The composition of resident cell types within the
TME and their associated inflammatory pathways differ among
cancer patients. These changes correlate with clinical outcomes in
various malignancies, including gastric, lung, and breast cancers
(17). As malignant tumors develop, they interact with the
metabolites of TME, and autophagy is activated in this process
to provide nutrients to the tumor (18). Growing evidence indicates
the clinicopathological significance of TME in predicting tumor
treatment and its prognostic effects (19, 20). Currently, due to
technical limitations, only a single autophagy-related gene (ARG)
is evaluated in most tumor studies. The characteristics of
antitumor mechanisms are by no means explained by one gene,
but rather reflect the highly coordinated interaction of numerous
genes. Therefore, a comprehensive understanding of the TME
mediated by multiple ARGs is required.

In the present study, we identified the role of ARGs in GC
progression and predicted the overall survival (OS) of GC patients
using a combined analysis of The Cancer Genome Atlas (TCGA)
and Gene Expression Omnibus (GEO) databases. Importantly, we
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report a potential role of cell autophagy patterns in assessing tumor
TME, providing important insights for understanding the
underlying mechanisms of gastric carcinogenesis and predicting
response to immunotherapy and ferroptosis-based therapy.

Materials and methods
Data sources

RNA sequencing transcriptome profiling and clinical data of
samples, including 343 GC and 30 normal control samples, were
downloaded from TCGA database (available online: https://
portal.gdc.cancer.gov/). Moreover, GSE84437 (433 samples)
with clinical information of stomach adenocarcinoma was
downloaded from the GEO database (available online: https://
www.ncbi.nlm.nih.gov/geo/). A total of 232 ARGs were obtained
from the Human Autophagy Database (available online: http://
www.autophagy.lu/index.html). One hundred twenty-one
ferroptosis-verified driver genes were obtained from the
FerrDb database (available online: http://www.datjar.
com:40013/bt2104/), as described previously (21).

Mutation analysis of ARGs

Mutation frequencies and oncoplot waterfall plots of ARGs
in gastric cancer patients were generated by the “maftools”
package. The locations of copy number variation (CNV)
alterations in ARGs on 23 chromosomes were mapped using
the “RCircos” package in R software.

Identification and functional annotation
of differentially expressed genes

Differentially expressed genes (DEGs) between the different
autophagy clusters were identified using the “limma” package in
R with an adjusted p-value of <0.001. Kyoto Encyclopedia of
Genes and Genomes (KEGG) analysis and Gene Ontology (GO),
including biological process (BP), cellular component (CC), and
molecular function (MF) categories, were performed with the
“ggplot2” package in R software to further explore the potential
functions of autophagy-related DEGs (22).

Immune infiltration, tumor mutation
burden, and microsatellite
instability analysis

We used the ssGSEA (single-sample gene-set enrichment

analysis) algorithm to quantify the relative abundance of each
cell infiltration in the gastric cancer TME. Correlations between
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prognostic ARGs and immune filtering were analyzed using a
TME-filtered immune cell gene set with diverse human immune
cell subtypes, including activated CD8 T cells, activated dendritic
cells, giant natural killer T cells, and regulatory T cells. In tumor
mutation burden (TMB) and microsatellite instability (MSI)
analyses, Spearman correlation analysis was used to calculate
the correlation between high- and low-autophagy score groups.
MSI status was classified as microsatellite stable (MSS), MSI-low
(MSI-L, one marker unstable), and MSI-high (MSI-H, over two
markers unstable).

The establishment of an autophagy
scoring model and prognostic analysis

Principal component analysis (PCA) was used to evaluate
the autophagy gene signature of each gastric cancer patient,
which we termed as autophagy score. Patients were divided into
the high-score group and low-score group based on the
maximally selected rank statistics determined by the
“survminer” R package. We used Kaplan-Meier survival
curves to identify the ability of the model to distinguish
different clusters of patients to determine the efficiency of
the model.

Cell viability assay

BGC823 cells were seeded into 96-well plates in DMEM
(Gibco, Carlsbad, CA, USA), supplemented with 10% fetal
bovine serum (Gibco, USA), 100 U/ml penicillin, and 100 pg/
ml streptomycin at a density of 2 x 10* cells/well. Cells were
treated with bafilomycin Al (BafAl, 40 nm), chloroquine (CQ,
25 uM), and 3-methyladenine (3MA, 2 mM) in the presence or
absence of erastin for 36 h. Then, 10 pul of Cell Counting Kit-8
(Beyotime) reagent was added to each well and incubated for 2 h
at 37°C. The absorbency was measured at 450 nm using a plate
reader, and the percentage viability was calculated.

BODIPY staining

BGC823 cells in culture were collected in a chamber confocal
dish and incubated with boron dipyromethene (BODIPY 581/
591) (Thermo Fisher Scientific) at a concentration of 5 UM, and
nuclei were counterstained with DAPI for 10 min.
Quantification of lipid bodies was performed using Image].

Ethics statement

Ethical approval was not required, as there is no patient
recruitment and absence of animal trials for this study.
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Statistical analyses

The correlation coefficient between TME and ARG
expression in filtered immune cells was calculated by
Spearman and differential expression analyses. Continuous
variables were compared between two groups through the
Wilcoxon rank-sum test. Classified variables were compared
between two groups by chi-square test. One-way ANOVA and
Kruskal-Wallis test were used to conduct difference
comparisons of three or more groups. The R package of
“survminer” was used to determine the cutoff point for each
dataset subgroup. The survival curves for the prognostic analysis
were generated via the Kaplan-Meier method, and log-rank tests
were utilized to identify the significance of differences. The
waterfall function of the maftools package was used to present
the mutation landscape in patients with high and low autophagy
scores in TCGA-STAD cohort. All statistical analyses were
performed using R version 4.1.0. Statistical significance was set
at p < 0.05.

Results
Defining expression of ARGs in GC

A total of 232 ARGs were obtained from the Human
Autophagy database. A heatmap involving TCGA-STAD
cohort revealed differences in the expression profiles of 148
ARGs in normal and tumor tissues (Figure 1A). Univariate Cox
regression analysis of these DEGs revealed that 22 ARGs were
significantly associated with TCGA-STAD prognosis
(Supplementary Table 1). Figure 1B presents the incidence of
somatic mutations in the 22 ARGs in GC. The TP53 gene
displayed the highest mutation frequency (44%), followed by
the DAPK1 and CASP8 genes, among the 22 ARGs. We
considered the relationship between TP53 mutations and ARG
expression, in light of the highest mutation frequency in TP53.
The expression levels of eight ARGs were significantly correlated
with TP53 mutation status (Figure S1). We then investigated
somatic copy number alterations in these ARGs. Copy number
changes were evident in all 22 ARGs. More than half of the 22
ARGs had copy number amplification, while CNV deletion
frequencies, such as BAG3 and PINKI, were widespread
(Figure 1C). Figure 1D shows the location of CNV alterations
in these ARGs on the chromosomes. We further compared the
mRNA expression levels between GC and normal tissues. The
expression of 13 ARGs was increased, while the expression of
nine ARGs was decreased in tumors compared with normal
tissues in GC (Figure 1E). More specifically, compared to normal
tissues, the expression of CNV-increased autophagy modulators
in GC tissues (such as CASP8 and CXCR4) was significantly
increased. Conversely, the expression of CNV-deficient
autophagy modulators of GC tissues (such as BNIP3 and
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EEF2) was reduced, suggesting that CNV variation may be a
cause for the regulation of ARG expression. Additionally, the
expression levels of 22 ARGs were associated with survival in GC
patients (Figure S2), suggesting that ARGs were involved in the
development of GC and had the potential to predict
patient prognosis.

Identification of the autophagy clusters

We created a queue using the GEO and TCGA datasets
along with OS data and clinical information to construct a
more precise autophagy cluster with prognostic significance.
The autophagy network diagram showed that the expression
of most ARGs was positively correlated, with some genes
being negatively correlated (Figure 2A). Subsequently, we
identified three different regulation patterns using the
unsupervised clustering method (Figure S3). The survival
advantage of clusters B and C was higher than that of
cluster A (Figure 2B).

Infiltration characteristics of TME cells
under different autophagy
modification patterns

To explore the differences in biological behavior among
these three patterns, we performed GSVA enrichment analysis
(Figures 2C, D). Autophagy cluster A was markedly enriched in
stromal and carcinogenic activation pathways, such as TGEJ
signaling pathway, ECM receptor interaction, cell adhesion, and
MAPK signaling pathways. Autophagy cluster B was
significantly associated with biological metabolism. Autophagy
cluster C presented enrichment pathways associated with
immune full activation, including the activation of chemokine
signaling, JAK-STAT signaling, T-cell receptor signaling, and
Toll-like receptor signaling pathways. Subsequent analysis of
TME cell infiltration showed that autophagy cluster C was
remarkably rich in innate immune cell infiltration, including
natural killer cells, macrophages, MDSCs, monocytes, and
immature B cells. The three autophagy modification patterns
showed significantly different infiltration characteristics of TME
cells (Figure 3A). PCA revealed significant differences in the
autophagy modification profiles between the three subtypes
(Figure 3B). Comparison of the clinicopathological features of
GC revealed significant differences in the expression of ARGs
and clinicopathological characteristics (Figure 3C). Among these
autophagy-related DEGs, the intersection of the three autophagy
clusters A, B, and C confirmed 1,337 DEGs (Figure 3D). To
clarify the function of these DEGs, pathways were analyzed
using GO and KEGG databases. The 1,137 DEGs were mainly
involved in T-cell activation, positive regulation of cell adhesion,
extracellular matrix organization, extracellular structure
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Landscape of genetic and expression variation of ARGs in gastric cancer. (A) mRNA expression profiles of 148 differentially expressed ARGs in
TCGA-STAD cohort. (B) The mutation frequency of ARGs in gastric cancer patients of TCGA-STAD cohort. The upper bar graph shows TMB; the
right bar graph shows the proportion of each variant type. (C) The CNV variation frequency of each ARG based on CNV variation. (D) The
location of CNV alteration of ARGs on 23 chromosomes. (E) Expression distributions of ARGs between normal (green) and tumor (red) tissues.
“p < 0.05; *p < 0.01; *p < 0.001.
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organization, and collagen-containing extracellular matrix
(Figure 3E and S4A). Moreover, KEGG pathway analysis
suggested that these DEGs were mainly involved in cell
adhesion molecules, cytokine-cytokine receptor interactions,
cell adhesion molecules, chemokine signaling pathways, and
focal adhesion (Figures S4B, C). Then, 632 differentially
expressed and prognostic genes were screened out from the
three autophagy clusters and used for the subsequent analysis.

Frontiers in Oncology 06

Construction of autophagy gene
signature and functional annotation

Consistent with the clustering grouping of autophagy
modification patterns, the unsupervised clustering algorithm
also divided the patients into three distinct autophagy
modification genomic phenotypes depending on the 632
prognostic genes (gene clusters 1, 2, and 3; Figure S5). The
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FIGURE 3
Immune cell infiltration and transcriptome features among the three autophagy clusters. (A) The differences in immune cell infiltration among
three autophagy clusters. (B) The scatter plot of principal component analysis. (C) Clinicopathological features and expression levels of 22 ARGs
in three autophagy clusters. (D) Venn diagram showing overlapping genes in three autophagy clusters. (E) GO enrichment analysis of the
overlapping genes. “*p < 0.001.

heat map of the genetic modification patterns revealed that most
genes were expressed at low levels in gene cluster B and were
highly expressed in gene cluster C (Figure 4A). The findings
indicate the presence of three distinct autophagy modification
patterns in GC. Kaplan-Meier curves showed that patients with
gene cluster 3 had the worst prognosis, whereas patients in
cluster 2 showed a favorable prognosis (Figure 4B). The three
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autophagy gene clusters showed significant differences in the
expression of ARGs, consistent with the three autophagy clusters
(Figure 4C). Considering the individual heterogeneity and
complexity of autophagy, we developed an autophagy score
based on principal component analysis to quantify autophagy
modification patterns in individual GC patients. Then, we
divided the patients into high-score group and low-score
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group. An alluvial diagram was used to visualize the flow of the
autophagy score fraction construction (Figure 4D). We then
conducted immune correlation analysis. The autophagy score
was significantly positively correlated with CD4 T immune cells
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and neutrophils and negatively correlated with activated B
immune cells and macrophages (Figure 4E). Differences were
evident in autophagy scores among the autophagy clusters and
also among the three gene clusters. Autophagy cluster A showed
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the lowest score compared with the other clusters (Figure 4F).
Simultaneously, compared with the other clusters, autophagy
gene cluster 2 had the highest autophagy score and autophagy
gene cluster 3 had the lowest score (Figure 4G).

Autophagy molecular subtypes
and prognosis

Next, we tried to further determine the value of autophagy
score in predicting the prognosis of GC patients. The prognosis
of patients in the low autophagy score group was poorer than
that of patients in the high autophagy score group (Figure 5A).
In addition, Spearman correlation analysis demonstrated that
the autophagy score was positively associated with TMB, which
reflects the total number of mutations carried by tumor cells and
is related to tumor recognition by immune cells (Figure 5B). We
explored the association of TMB with different autophagy scores.
TMB in the high autophagy score group was greater, indicating a
better response to immunotherapy (Figure 5C). Survival analysis
of TMB in GC revealed that the prognosis of the high-TMB
group was better than that of the low-TMB group (Figure 5D).
As expected, the TMB survival curve combined with the
autophagy score showed that patients in the high tumor
mutation group and high autophagy score group had the best
prognosis (Figure 5E). As shown in Figures 5F, G, the high
autophagy score group had a higher TMB frequency than the
low autophagy score group (total genes rate 97.37% versus
83.87%). These results indicate the value of the autophagy
score in predicting the prognosis of GC patients and reflect
the effect of immunotherapy to a certain extent.

Role of autophagy score in GC
immunotherapy and chemotherapy

Immunotherapy can increase the survival rate of patients
with multiple types of tumors. Therefore, it is important to
determine which patients could respond better to
immunotherapy. Survival analysis revealed that death of GC
patients occurred mainly in the low autophagy score group
(Figure 6A). Moreover, the autophagy score was lower in
patients who died of GC (Figure 6B). Stratified analysis of the
autophagy score for the GC patients showed that the high
autophagy score group had a better prognosis than the low
autophagy score group of T1-2 and T3-4 (Figures 6C, D). MSI
has been associated with the development of tumors. MSI-high
(MSI-H) patients are more sensitive to immunotherapy (23). In
the present study, the high autophagy score was accompanied by
the MSI-H state, while a low autophagy score was accompanied
by a microsatellite stable state (Figures 6E, F). Immunotherapy
targeting PD1 and PD-L1 has improved survival in cancer (24).
In this study, GC patients with high autophagy scores displayed
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significantly high PD-L1 expression, suggesting a potential
benefit of anti-PD-L1 immunotherapy (Figures 6G, H).

Ferroptosis in different autophagy
subtypes in GC patients

Ferroptosis, a novel form of regulated cell death, is associated
with iron accumulation and lipid peroxidation (25, 26). Our recent
studies demonstrated that achieving ferroptosis via ferroptosis-
inducing drugs is emerging as a new alternative therapy modality
(27-29). Moreover, in our previous study, autophagy accelerates the
degradation of ferritin, increases the unstable iron pool, promotes
the accumulation of cellular reactive oxygen species, and ultimately
leads to ferroptosis (30). Therefore, we extracted 121 ferroptosis-
verified driver genes from the FerrDb database and analyzed the
association of these genes in our established autophagy model in
GC patients. As expected, in GC patients, these ferroptosis-verified
driver genes showed differential expression in different autophagy
clusters (Figure 7A). Surprisingly, the heat map showed that
ferroptosis-verified driver genes were reduced in gene cluster B
and highly expressed in gene cluster C, which was consistent with
the expression level of ARG (Figures 4A and 7B). In addition, three
gene clusters showed significant differences in the expression of
ferroptosis-verified driver genes (Figure 7C). We can conclude that
the expression of genes related to ferroptosis was positively
correlated with the expression of ARGs.

Validation of functional phenotypes in
GC cell lines

We wonder whether the autophagy cluster model could
predict the sensitivity to ferroptosis-inducing therapy. BGC823
cells were induced to undergo ferroptosis with erastin in vitro. Of
note, a significant reduction in cell viability by erastin treatment
was observed, but cell viability was significantly reversed by
different autophagy inhibitors, including BafAl, CQ, and 3MA
(Figure 8A). We also detected the generation of lipid reactive
oxygen species (ROS) by BODIPY, a classical ferroptosis maker
(16). The fluorescence results showed a large amount of lipid ROS
accumulation in BGC823 cells under the treatment of erastin,
while the presence of autophagy inhibitors dramatically
ameliorated the accumulation of lipid ROS (Figures 8B, C).
These results suggest that detection of autophagy typing can
predict tumor susceptibility to ferroptosis therapy.

Discussion

Growing evidence suggests that autophagy plays an integral role
in inflammation, innate immunity, and antitumor activity by
degrading damaged organelles and excess proteins (31, 32).
Autophagy has various roles in various cancers. Historically, the

frontiersin.org


https://doi.org/10.3389/fonc.2022.959337
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Li et al.

FIGURE 5

10.3389/fonc.2022.959337

A B
1.00
2 autophagy score 40l w5 <aeis ee  oeece o
= == Low °
§ 0.75 §
c §30
8050f ----- )
'§ ! 5 2 gene_cluster
. =] o1
§°‘25 p<0.001 | E )
n 1 s 10 3
0.00 ! 5
g 01234567 8 910111213 g
23 Time(years) =)
iﬂl Number at risk =
Low
B Rk EE R
& 01234567 80910011213 0 20 s 20
3 Time(years)
autophagy score
(o] autophagy_score B8 Low B8 High
2.7¢-13
g 40 . °
<]
3 '
/M 30 s
g i
w® .
g 20 3
=
e ]
g 10 .
a +
0
Low High
D
1.00 =~ H-TMB+H-autophagy_score
) = H-TMB+L-autophagy _score
= L-TMB+H-autophagy_score
2 2075 -~ L-TMB+L-autophagy _score
5 E
< 4
kS £ 050] -
=
S e
‘a —
E £ 025 '
1
g 1 p<0.001
@ < 0.00 ' i
0 1 2 4 5 6 7 8 9 10 01 2 3 4 5 6 7 9 10
Time(years) Nombersbrid Time(years)
Numberalrisk = -a ore I‘;L;n e7l;a r:ﬁs 19 10 s 2 1 1 1 ¥
H-TMB e M‘]m 123043 19 7 6 4 1 1 1 0
RN A R S R S i 3 4 8s 4888 pe
01 2 3 4 5 6 7 8 9 10 0 123 4 56 78910
Time(years) Time(years)
Altered rate 97.37% G Altered rate 83.87%
e a | Noofsmpes a] b | Mooy
77 W ARRRL [N 50, IR T U o; E—
7ps3 Ml W W 315 — 733 1l N A R 415, —
T B, AR T i o
LRPI5 I IR LRPIBI M i I m 20%
U T | SYNEIR IR 179
Im 5 FLGIN T I le%mmn
i1y FATAil i |1 149 el
i - e o B T
i DNAIS T Il 1 14% .
wg KMI2DNL || \F 11%
(LI T FAT3INE L] 0, Il
Ry 118 HMCNIF'\ N e |
T OBSCN Il 1 | 10%
il H RYR2ILIL LN 11125
IO - ZFExAL
LE 00l SPT N ) I 129
W28 . PIK3CAL L | | I 9%
| 20% el x5z 10 0 TV S |

= Frame_Shift_Del
= Frame_Shif Ins  In_Frame |
= Missense_Mutation » Multi_Hit

el
= Low

* Nonsense Mutaton autophagy scare

autophagy_score autophagy_score

= Frame_Shift Del = Nonsense_Mutation autophagy_score
= Frame_Shift_Ins In_Frame | = High
= Missense_Mutation » Multi_Hit = Low

The relationship between autophagy score and tumor somatic mutation. (A) Survival analysis of the patients with high autophagy scores and low
autophagy scores. (B) Spearman correlation analysis of the autophagy score and TMB. (C) TMB in different autophagy score groups. (D) Survival
analysis of low or high TMB in gastric cancer patients. (E) Survival analysis of TMB combined with autophagy score in gastric cancer patients. (F) The
waterfall plot of somatic mutation features established with high autophagy score. (G) The waterfall plot of somatic mutation features established
with low autophagy score.

role of autophagy in tumorigenesis may have been misunderstood.
The clinical use of autophagy inhibitors may not have a positive
effect on cancer patients but may promote tumorigenesis (33). Little
is known about the phenomenon of autophagy in GC cells, and the
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mechanism between autophagy and GC remains controversial.
However, studies in animal models have shown that the
inhibitory effect of autophagy on tumors may be greater than its
facilitation in cells with impaired apoptotic machinery (34). In this
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study, we identified 22 ARGs and classified them into three clusters. activation of adaptive immunity, corresponding to the immune
Moreover, combining the filtering properties of TME cells in inflammatory phenotype. The latter phenotype corresponds to the
different clusters of ARGs generated data that improve the “hot tumor”, in which CD4 and CD8 T cells are expressed in the
understanding of TME antitumor immune responses in GC. tumor parenchyma. The immune-excluded phenotype has

We observed that the three clusters of autophagy patterns were abundant immune cells that do not penetrate the parenchyma of
significantly correlated with immune activation and other pathways. these tumors but which remain in the matrix surrounding the tumor
Cluster A was characterized by immunosuppression, corresponding cells. The immune desert phenotype corresponds to the “cold
to the immune desert phenotype. Cluster B was characterized by the tumor”, with no T cells in the tumor parenchyma or stroma (35,
activation of innate immunity and matrix, corresponding to an 36). Our results were consistent with these definitions, confirming
immune-excluded phenotype. Cluster C was characterized by the that different patterns of autophagy are important in shaping the
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antitumor immune response in different TME landscapes. Cluster C
featured the activation of chemokines, T-cell receptors, and Toll-like
receptor signaling pathways. All these pathways contribute to the
involvement of cluster C in immune inflammation typing.
Therefore, it was not surprising that cluster C activated innate
immunity and resulted in a better survival curve.

Similar to the clustering results of the three modes of
autophagy, three gene clusters were identified based on the
DEGs among the three autophagy clusters, which were also
significantly associated with stroma and immune activation.
This confirmed that autophagy is involved in the composition
and structure of the TME landscape. Therefore, analysis of

Frontiers in Oncology

autophagy patterns will help understand the characteristics of
TME cell infiltration. In this study, we established a scoring
system to assess autophagy patterns in patients with GC.
Autophagy scores were higher for the autophagy patterns of
the immune-excluded phenotype. The autophagy score was
significantly positively correlated with CD4 T immune cells,
neutrophils, and macrophages, suggesting that the autophagy
score could be used to assess tumor autophagy patterns and
immunophenotypes. In addition, the gene mutation frequency
in the high autophagy score group was higher than the total gene
mutation frequency in the low autophagy score group. Patients
in the high autophagy score group also had better survival rates
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across the different cancer stages. Furthermore, we found that
autophagy patterns influenced the therapeutic effect of the
immune checkpoint blockade. The autophagy score was
markedly correlated with MSI status and PD-L1 expression,
which might be a more effective predictor of immunotherapy.

Previous studies have demonstrated that Beclin1, LC3, and P62/
SQSTMI are autophagy-related markers with prognostic values in
GC (37-39). Compared with normal mucosal epithelial cells, the
expression of BNIP3 is increased in malignant gastric epithelial cells
than in normal mucosal epithelial cells, suggesting that BNIP3
expression may play a role in GC development (40). However, the
molecular mechanisms of many other ARGs in GC are not yet fully
understood. Therefore, considering ARGs as a whole to construct a
tumor prediction model will be an effective method to study
autophagy and tumor development. Assessing tumor-driver
mutations is a key basis for cancer diagnosis and treatment (41).
We observed that patients with high autophagy scores had
significantly higher frequencies of TTN, MUCI6, and ARIDIA
mutations than patients with low autophagy scores. Moreover, the
TTN mutation spectrum serves as a predictor of MSI-H and the
mutational load in the TTN also represents a high TMB state (42).
In the present study, the proportion of patients with MSI-H was
higher in those with high autophagy scores. This suggests a complex
interplay between autophagy patterns and immune genes in TMB.

The concept of ferroptosis-suppressing tumors has become
widely accepted, with FDA-approved drugs identified as
ferroptosis inducers and the potential of ferroptosis as a new
promising approach to killing therapy-resistant cancers (43). Past
studies have emphasized that the regulation of ferroptosis is
autophagy-dependent and involves multiple autophagy-related
molecular factors in the process of ferroptosis (44). Our results
found that the expression of ferroptosis genes was positively
correlated with the expression of autophagy genes in GC patients.
Furthermore, inhibition of autophagy significantly reversed the
decline in cell viability and lipid accumulation caused by
ferroptosis. Therefore, we have reason to believe that our
established autophagy analysis can predict the sensitivity of GC
patients to ferroptosis treatment.

This study has some limitations that need to be acknowledged.
As all analyses were based on data from public databases, extensive
in vivo and in vitro experiments are still required to support our
findings. Thus, further studies should be performed to prove the
relationship between autophagy and GC in the future.

In conclusion, we performed comprehensive and systematic
bioinformatics analyses of GC patients and identified 22 ARGs to
analyze their application in GC. The findings establish an autophagy
scoring system for GC patients. Our findings concerning the
association between autophagy score and clinicopathological
features indicate that the autophagy score could serve as an
independent prognostic biomarker in GC patients. The autophagy
score can also predict the effect of immunotherapy and ferroptosis-
based treatment in GC patients, providing new insights for guiding
the precise treatment of such patients.

Frontiers in Oncology

14

10.3389/fonc.2022.959337

Data availability statement

The original contributions presented in the study are
included in the article/Supplementary Material. Further
inquiries can be directed to the corresponding authors.

Author contributions

YL conceptualized and refined this work. YW designed in
vitro experiments, XT designed the bioinformatics experiments.
HL, BX, and JD analyzed the results and drafted the manuscript.
HL, YYW, ES, and YG compiled the data. BX, JD, PZ, and JZ
combined and examined the data. All authors read and approved
the final manuscript.

Funding

This research was supported by the National Natural Science
Foundation of China (No. 82102938), Zhejiang Public Welfare
Technology Application Research Project (Grant Nos.
LGF19H080006, LGF21H010008, LGF20H080005), and
Medical and Health Science and Technology Project of
Zhejiang Province (Nos. 2021KY842, 2021KY483, 2021KY077,
2022KY503, 2022KY046, 2022KY236, 2022KY074).

Acknowledgments

The authors would like to acknowledge TCGA and GEO
databases for their assistance, and the contributors for uploading
valuable and meaningful resources.

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.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fonc.2022.959337/full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2022.959337/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.959337/full#supplementary-material
https://doi.org/10.3389/fonc.2022.959337
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Li et al.

References

1. Bray F, Ferlay ], Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer ] Clin (2018) 68(6):394—
424. doi: 10.3322/caac.21492

2. Chen S-Y, Zhang R-G, Duan G-C. Pathogenic mechanisms of the
oncoprotein CagA in h. pylori-induced gastric cancer (Review). Oncol Rep
(2016) 36(6):3087-94. doi: 10.3892/0r.2016.5145

3. Yaghoobi M, McNabb-Baltar J, Bijarchi R, Hunt RH. What is the quantitative
risk of gastric cancer in the first-degree relatives of patients? a meta-analysis. World
J Gastroenterol (2017) 23(13):2435-42. doi: 10.3748/wjg.v23.i13.2435

4. Murphy G, Dawsey SM, Engels EA, Ricker W, Parsons R, Etemadi A, et al.
Cancer risk after pernicious anemia in the US elderly population. Clin
Gastroenterol Hepatol (2015) 13(13):2282-9.el. doi: 10.1016/j.cgh.2015.05.040

5. Tsugane S, Sasazuki S. Diet and the risk of gastric cancer: review of
epidemiological evidence. Gastric Cancer (2007) 10(2):75-83. doi: 10.1007/
510120-007-0420-0

6. Smyth EC, Nilsson M, Grabsch HI, van Grieken NC, Lordick F. Gastric
cancer. Lancet. (2020) 396(10251):635-48. doi: 10.1016/S0140-6736(20)31288-5

7. Tan IB, Ivanova T, Lim KH, Ong CW, Deng N, Lee J, et al. Intrinsic subtypes
of gastric cancer, based on gene expression pattern, predict survival and respond
differently to chemotherapy. Gastroenterology (2011) 141(2):476-85, 485.e1-11.
doi: 10.4016/32808.01

8. Lei Z, Tan IB, Das K, Deng N, Zouridis H, Pattison S, et al. Identification of
molecular subtypes of gastric cancer with different responses to PI3-kinase
inhibitors and 5-fluorouracil. Gastroenterology. (2013) 145(3):554-65. doi:
10.1053/j.gastro.2013.05.010

9. Levine B, Kroemer G. Biological functions of autophagy genes: A disease
perspective. Cell (2019) 176(1-2):11-42. doi: 10.1016/j.cell.2018.09.048

10. Ouyang C, YouJ, Xie Z. The interplay between autophagy and apoptosis in the
diabetic heart. ] Mol Cell Cardiol (2014) 71:71-80. doi: 10.1016/j.yjmcc.2013.10.014

11. Mathew R, Karantza-Wadsworth V, White E. Role of autophagy in cancer.
Nat Rev Cancer (2007) 7(12):961-7. doi: 10.1038/nrc2254

12. Yang C, Li Y, Hu W, Wang X, Hu J, Yuan C, et al. TEOA promotes
autophagic cell death via ROS-mediated inhibition of mTOR/p70S6k signaling
pathway in pancreatic cancer cells. Front Cell Dev Biol (2021) 9:734818. doi:
10.3389/fcell.2021.734818

13. LiX, He S, Ma B. Autophagy and autophagy-related proteins in cancer. Mol
Cancer (2020) 19(1):12. doi: 10.1186/s12943-020-1138-4

14. Dixon SJ, Lemberg KM, Lamprecht MR, Skouta R, Zaitsev EM, Gleason CE,
et al. Ferroptosis: an iron-dependent form of nonapoptotic cell death. Cell. (2012)
149(5):1060-72. doi: 10.1016/j.cell.2012.03.042

15. Liang C, Zhang X, Yang M, Dong X. Recent progress in ferroptosis inducers
for cancer therapy. Adv Mater (2019) 31(51):e1904197. doi: 10.1002/
adma.201904197

16. Zhang H, Deng T, Liu R, Ning T, Yang H, Liu D, et al. CAF secreted miR-
522 suppresses ferroptosis and promotes acquired chemo-resistance in gastric
cancer. Mol Cancer (2020) 19(1):43. doi: 10.1186/s12943-020-01168-8

17. Mariathasan S, Turley SJ, Nickles D, Castiglioni A, Yuen K, Wang Y, et al.
TGEF attenuates tumour response to PD-L1 blockade by contributing to exclusion
of T cells. Nature. (2018) 554(7693):544-8. doi: 10.1038/nature25501

18. Katheder NS, Khezri R, O'Farrell F, Schultz SW, Jain A, Rahman MM, et al.
Microenvironmental autophagy promotes tumour growth. Nature. (2017) 541
(7637):417-20. doi: 10.1038/nature20815

19. Zeng D, ZhouR, YuY, Luo Y, ZhangJ, Sun H, et al. Gene expression profiles
for a prognostic immunoscore in gastric cancer. Br J Surg (2018) 105(10):1338-48.
doi: 10.1002/bjs.10871

20. Jiang Y, Zhang Q, Hu Y, Li T, YuJ, Zhao L, et al. ImmunoScore signature: A
prognostic and predictive tool in gastric cancer. Ann Surg (2018) 267(3):504-13.
doi: 10.1097/SLA.0000000000002116

21. Xia Q-D, Sun J-X, Liu C-Q, Xu J-Z, An Y, Xu M-Y, et al. Ferroptosis
patterns and tumor microenvironment infiltration characterization in
bladder cancer. Front Cell Dev Biol (2022) 10:832892. doi: 10.3389/
fcell.2022.832892

22. Xia Q-D, Sun J-X, Xun Y, Xiao J, Liu C-Q, Xu J-Z, et al. SUMOylation
pattern predicts prognosis and indicates tumor microenvironment infiltration
characterization in bladder cancer. Front Immunol (2022) 13:864156. doi:
10.3389/fimmu.2022.864156

23. Cristescu R, Lee J, Nebozhyn M, Kim K-M, Ting JC, Wong SS, et al.
Molecular analysis of gastric cancer identifies subtypes associated with

Frontiers in Oncology

15

10.3389/fonc.2022.959337

distinct clinical outcomes. Nat Med (2015) 21(5):449-56. doi: 10.1038/
nm.3850

24. Daassi D, Mahoney KM, Freeman GJ. The importance of exosomal PDLI in
tumour immune evasion. Nat Rev Immunol (2020) 20(4):209-15. doi: 10.1038/
541577-019-0264-y

25. Hou W, Xie Y, Song X, Sun X, Lotze MT, Zeh HJ, et al. Autophagy promotes
ferroptosis by degradation of ferritin. Autophagy. (2016) 12(8):1425-8. doi:
10.1080/15548627.2016.1187366

26. LiY, Wang X, Huang Z, Zhou Y, Xia J, Hu W, et al. CISD3 inhibition drives
cystine-deprivation induced ferroptosis. Cell Death Dis (2021) 12(9):839. doi:
10.1038/s41419-021-04128-2

27. DuJ, Wang X, Li Y, Ren X, Zhou Y, Hu W, et al. DHA exhibits synergistic
therapeutic efficacy with cisplatin to induce ferroptosis in pancreatic ductal
adenocarcinoma via modulation of iron metabolism. Cell Death Dis (2021) 12
(7):705. doi: 10.1038/s41419-021-03996-y

28. Ren X, Li Y, Zhou Y, Hu W, Yang C, Jing Q, et al. Overcoming the
compensatory elevation of NRF2 renders hepatocellular carcinoma cells more
vulnerable to disulfiram/copper-induced ferroptosis. Redox Biol (2021) 46:102122.
doi: 10.1016/j.redox.2021.102122

29. Li Y, Xia J, Shao F, Zhou Y, Yu J, Wu H, et al. Sorafenib induces
mitochondrial dysfunction and exhibits synergistic effect with cysteine depletion
by promoting HCC cells ferroptosis. Biochem Biophys Res Commun (2021)
534:877-84. doi: 10.1016/j.bbrc.2020.10.083

30. DuJ, Wang T, Li Y, Zhou Y, Wang X, Yu X, et al. DHA inhibits proliferation
and induces ferroptosis of leukemia cells through autophagy dependent
degradation of ferritin. Free Radic Biol Med (2019) 131:356-69. doi: 10.1016/
j.freeradbiomed.2018.12.011

31. White E. The role for autophagy in cancer. J Clin Invest (2015) 125(1):42-6.
doi: 10.1172/JCI73941

32. Karsli-Uzunbas G, Guo JY, Price S, Teng X, Laddha SV, Khor §, et al.
Autophagy is required for glucose homeostasis and lung tumor maintenance.
Cancer Discovery (2014) 4(8):914-27. doi: 10.1158/2159-8290.CD-14-0363

33. Nassour J, Radford R, Correia A, Fusté JM, Schoell B, Jauch A, et al.
Autophagic cell death restricts chromosomal instability during replicative crisis.
Nature. (2019) 565(7741):659-63. doi: 10.1038/s41586-019-0885-0

34. Li G-H, Lin X-L, Zhang H, Li S, He X-L, Zhang K, et al. Corrigendum to
"Ox-Ip(a) transiently induces HUVEC autophagy via an ROS-dependent PAPR-1-
LKB1-AMPK-mTOR pathway" [Atherosclerosis 243 (1) (2015) 223-235].
Atherosclerosis. (2016) 250:189. doi: 10.1016/j.atherosclerosis.2016.01.045

35. Chen DS, Mellman I. Elements of cancer immunity and the cancer-immune
set point. Nature. (2017) 541(7637):321-30. doi: 10.1038/nature21349

36. Gajewski TF, Woo S-R, Zha Y, Spaapen R, Zheng Y, Corrales L, et al. Cancer
immunotherapy strategies based on overcoming barriers within the tumor
microenvironment. Curr Opin Immunol (2013) 25(2):268-76. doi: 10.1016/
j.c01.2013.02.009

37. Zhao E, Feng L, Bai L, Cui H. NUCKS promotes cell proliferation and
suppresses autophagy through the mTOR-Beclin1 pathway in gastric cancer. ] Exp
Clin Cancer Res (2020) 39(1):194. doi: 10.1186/513046-020-01696-7

38. Yoshioka A, Miyata H, Doki Y, Yamasaki M, Sohma I, Gotoh K, et al. LC3,
an autophagosome marker, is highly expressed in gastrointestinal cancers. Int ]
Oncol (2008) 33(3):461-8. doi: 10.3892/ijo_00000028

39. Mohamed A, Ayman A, Deniece J, Wang T, Kovach C, Siddiqui MT, et al.
P62/Ubiquitin THC expression correlated with clinicopathologic parameters and
outcome in gastrointestinal carcinomas. Front Oncol (2015) 5:70. doi: 10.3389/
fonc.2015.00070

40. Lee SH, Jeong EG, Yoo NJ, Lee SH. Mutational and expressional analysis of
BNIP3, a pro-apoptotic bcl-2 member, in gastric carcinomas. APMIS. (2007) 115
(11):1274-80. doi: 10.1111/j.1600-0643.2007.00795.x

41. Martinez-Jiménez F, Muifios F, Sentis I, Deu-Pons ], Reyes-Salazar I,
Arnedo-Pac C, et al. A compendium of mutational cancer driver genes. Nat Rev
Cancer (2020) 20(10):555-72. doi: 10.1038/541568-020-0290-x

42. OhJ-H, Jang SJ, Kim J, Sohn I, Lee J-Y, Cho EJ, et al. Spontaneous mutations
in the single gene represent high tumor mutation burden. NPJ Genom Med (2020)
5:33. doi: 10.1038/s41525-019-0107-6

43. Hassannia B, Vandenabeele P, Vanden Berghe T. Targeting ferroptosis to
iron out cancer. Cancer Cell (2019) 35(6):830-49. doi: 10.1016/j.ccell.2019.04.002

44. Liu ], Kuang F, Kroemer G, Klionsky DJ, Kang R, Tang D. Autophagy-
dependent ferroptosis: Machinery and regulation. Cell Chem Biol (2020) 27(4):420—
35. doi: 10.1016/j.chembiol.2020.02.005

frontiersin.org


https://doi.org/10.3322/caac.21492
https://doi.org/10.3892/or.2016.5145
https://doi.org/10.3748/wjg.v23.i13.2435
https://doi.org/10.1016/j.cgh.2015.05.040
https://doi.org/10.1007/s10120-007-0420-0
https://doi.org/10.1007/s10120-007-0420-0
https://doi.org/10.1016/S0140-6736(20)31288-5
https://doi.org/10.4016/32808.01
https://doi.org/10.1053/j.gastro.2013.05.010
https://doi.org/10.1016/j.cell.2018.09.048
https://doi.org/10.1016/j.yjmcc.2013.10.014
https://doi.org/10.1038/nrc2254
https://doi.org/10.3389/fcell.2021.734818
https://doi.org/10.1186/s12943-020-1138-4
https://doi.org/10.1016/j.cell.2012.03.042
https://doi.org/10.1002/adma.201904197
https://doi.org/10.1002/adma.201904197
https://doi.org/10.1186/s12943-020-01168-8
https://doi.org/10.1038/nature25501
https://doi.org/10.1038/nature20815
https://doi.org/10.1002/bjs.10871
https://doi.org/10.1097/SLA.0000000000002116
https://doi.org/10.3389/fcell.2022.832892
https://doi.org/10.3389/fcell.2022.832892
https://doi.org/10.3389/fimmu.2022.864156
https://doi.org/10.1038/nm.3850
https://doi.org/10.1038/nm.3850
https://doi.org/10.1038/s41577-019-0264-y
https://doi.org/10.1038/s41577-019-0264-y
https://doi.org/10.1080/15548627.2016.1187366
https://doi.org/10.1038/s41419-021-04128-2
https://doi.org/10.1038/s41419-021-03996-y
https://doi.org/10.1016/j.redox.2021.102122
https://doi.org/10.1016/j.bbrc.2020.10.083
https://doi.org/10.1016/j.freeradbiomed.2018.12.011
https://doi.org/10.1016/j.freeradbiomed.2018.12.011
https://doi.org/10.1172/JCI73941
https://doi.org/10.1158/2159-8290.CD-14-0363
https://doi.org/10.1038/s41586-019-0885-0
https://doi.org/10.1016/j.atherosclerosis.2016.01.045
https://doi.org/10.1038/nature21349
https://doi.org/10.1016/j.coi.2013.02.009
https://doi.org/10.1016/j.coi.2013.02.009
https://doi.org/10.1186/s13046-020-01696-7
https://doi.org/10.3892/ijo_00000028
https://doi.org/10.3389/fonc.2015.00070
https://doi.org/10.3389/fonc.2015.00070
https://doi.org/10.1111/j.1600-0643.2007.00795.x
https://doi.org/10.1038/s41568-020-0290-x
https://doi.org/10.1038/s41525-019-0107-6
https://doi.org/10.1016/j.ccell.2019.04.002
https://doi.org/10.1016/j.chembiol.2020.02.005
https://doi.org/10.3389/fonc.2022.959337
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Autophagy-related prognostic signature characterizes tumor microenvironment and predicts response to ferroptosis in gastric cancer
	Introduction
	Materials and methods
	Data sources
	Mutation analysis of ARGs
	Identification and functional annotation of differentially expressed genes
	Immune infiltration, tumor mutation burden, and microsatellite instability analysis
	The establishment of an autophagy scoring model and prognostic analysis
	Cell viability assay
	BODIPY staining
	Ethics statement
	Statistical analyses

	Results
	Defining expression of ARGs in GC
	Identification of the autophagy clusters
	Infiltration characteristics of TME cells under different autophagy modification patterns
	Construction of autophagy gene signature and functional annotation
	Autophagy molecular subtypes and prognosis
	Role of autophagy score in GC immunotherapy and chemotherapy
	Ferroptosis in different autophagy subtypes in GC patients
	Validation of functional phenotypes in GC cell lines

	Discussion
	Data availability 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


