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Background: Esophagogastric junction adenocarcinoma (EGJA) is a special
malignant tumor with unknown biological behavior. PD-1 checkpoint inhibitors
have been recommended as first-line treatment for advanced EGJA patients.
However, the biomarkers for predicting immunotherapy response remain
controversial.

Methods: We identified stromal immune-related genes (SIRGs) by ESTIMATE
from the TCGA-EGJA dataset and constructed a signature score. In addition,
survival analysis was performed in both the TCGA cohort and GEO cohort.
Subsequently, we explored the differences in tumor-infiltrating immune cells,
immune subtypes, immune-related functions, tumor mutation burden (TMB),
immune checkpoint gene expression, immunophenoscore (IPS) between the
high SIRGs score and low SIRGs score groups. Finally, two validation cohorts of
patients who had accepted immunotherapy was used to verify the value of
SIRGs score in predicting immunotherapy response.

Results: Eight of the SIRGs were selected by LASSO regression to construct a
signature score (SIRGs score). Univariate and multivariate analyses in the TCGA
and GEO cohort suggested that SIRGs score was an independent risk factor for
the overall survival (OS) and it could increase the accuracy of clinical prediction
models for survival. However, in the high SIRGs score group, patients had more
immune cell infiltration, more active immune-related functions, higher
immune checkpoint gene expression and higher IPS-PD1 and IPS-PD1-
CTLA4 scores, which indicate a better response to immunotherapy. The
external validation illustrated that high SIRGs score was significantly
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associated with immunotherapy response and immune checkpoint inhibitors
(ICls) can improve OS in patients with high SIRGs score.

Conclusion: The SIRGs score may be a predictor of the prognosis and
immune-therapy response for esophagogastric junction adenocarcinoma.

KEYWORDS

esophagogastric junction adenocarcinoma, SIRGs score, prognosis, immunotherapy,
tumor microenvironment

Introduction

Esophagogastric junction carcinoma is a kind of malignant
tumor with a special location and unknown biological
behaviors (1). Compared with distal gastric cancer (GC),
esophagogastric junctional adenocarcinoma (EGJA) has
lower differentiation and higher malignancy (2, 3).
Unfortunately, most EGJA patients in China are in an
advanced stage when diagnosed, with poor chemosensitivity
and poor prognosis, with a 5-year survival rate of 14% ~ 22%
(4). Therefore, it is very important to explore new treatment
methods other than surgery, chemotherapy and radiotherapy
for EGJA.

Immunotherapy is widely used in digestive tract malignancies,
especially gastric cancer and esophageal cancer (5-7). However, at
present, there are obvious differences in the understanding of this
tumor between Europe, America and East Asia (8). In clinical
studies in Europe, EGJA is often classified as esophageal cancer (9,
10), while in Asia, it is classified as gastric cancer (11). Although
several biomarkers have been shown to predict the efficacy of the
PD-1 inhibitor, none of them have been accurate enough (12). As
a new therapeutic strategy, treatment aimed at the tumor
microenvironment (TME) has attracted public attention (13).
The TME is composed of a variety of cell types, including the
matrix, blood vessels, secretory factors, surrounding matrix and
the internal environment of tumor cells. It plays an important role
in the occurrence, development and invasion of tumors (14, 15).
As the TME is mainly determined by the genomic landscape of
tumors (16), some algorithms, such as Estimation of Stromal and
Immune cells in Malignant Tumor tissues using Expression data
(ESTIMATE) and Tumor IMmune Estimation Resource
(TIMER) methods (17, 18), have been developed to predict
tumor purity and estimate the abundance of tumor-infiltrating
immune cells based on the gene expression profile. Many studies
have applied these big-data-based algorithms to various tumors,
including cutaneous melanoma (19), prostate cancer (20),
glioblastoma (21), and breast cancer (22), and validated their
effectiveness; however, their utility in EGJA has not
been investigated.
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In our study, we employed the ESTIMATE algorithm to
handle the RNA dataset downloaded from the TCGA database.
We calculated the immune and stromal scores to identify the
SIRGs to construct a signature for predicting the immunotherapy
efficacy in EGJA.

Materials and methods
Gene expression datasets

We downloaded the transcriptome expression profiles and
the clinicopathological data from the TCGA database. We
calculated immune and stromal scores for each sample.
Validation data were downloaded from the GEO database,
including GSE66229 and GSE84437. Both of these groups of
patients had the following clinicopathological characteristics:
sex, age, tumor staging, etc.

Differential expression analysis

We divided the patients into a high/low immune score group
and a high/low stromal score group, which were evaluated by the
ESTIMATE algorithm. Then, we identified differentially
expressed genes (DEGs) by the “limma” package of R (4.1.0)
in different immunoscore groups. A false discovery rate (FDR)
<0.05 and a |log2-fold change |> 1 were screening criteria. The
stromal-related DEGs were confirmed by the same methods. The
genes that were co-upregulated/downregulated by the immune
group and stromal group were selected as stromal-immune
related genes (SIRGs).

Pathway and function
enrichment analysis

We used R software to explore the specific molecular
mechanisms through Gene Ontology (GO) and Kyoto
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Encyclopedia of Genes and Genomes (KEGG) enrichment
analyses for SIRGs using the “clusterProfiler” package.

Survival analysis and construction of the
SIRGs prognostic signature and SIRGs
score-based nomogram

We used univariate Cox regression analysis to identify
prognostic SIRGs. The SIRGs with p<0.05 were included in
least absolute shrinkage and selection operator (LASSO) analysis
to avoid overfitting (glmnet package). After screening by LASSO
analysis, 8 selected IRGSs were used to construct a signature:
SIRGs score = level of gene a * coefficient a + level of gene b *
coefficient b + level of gene ¢ * coefficient ¢ + ...... + level of gene
n * coefficient. All EGJA patients were classified into high SIRGs
group and low SIRGs group according to median SIRGs scores.
Kaplan-Meier analysis and multivariate Cox regression were
conducted to evaluate the efficiency of the SIRGs score in
predicting prognosis (survival package).

In addition, SIRGs scores and clinical characteristics were
included to construct a nomogram using the “RMS” package.
Discrimination was verified by the Harrell concordance index
(C-index) and area under the ROC curves (AUCs).

Gene set enrichment analysis (GSEA) and
single-sample GSEA (ssGSEA)

GSEA was carried out in high and low SIRGs groups by the
package “org.Hs.eg.db” (23). To compare the state of immune
function between high and low SIRGs group’s patients, ssGSEA
was used to evaluate the 29 immune signature gene sets in each
EGJA patient by the package “GSVA” (24, 25).

TME-associated analysis

We calculated 22 types of infiltrating immune cells,
including B cells, CD4+ T cells, CD8+ T cells, neutrophils,
macrophages, and dendritic cells and so on, by using the R
script from CIBERSORT. Then, we divided these 110 EGJA
patients into 4 immune subtypes according to the characteristics
of immune cell infiltration by unsupervised clustering.

Tumor mutation burden (TMB) analysis

The mutation data was downloaded from TCGA (https://
portal.gdc.cancer.gov/). The TMB score for each patient was
calculated and analyzed using the “maftools” package. We
exclude 3 patients without mutation data before TMB analysis.
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Predicting patient response
to immunotherapy

We compared the expression of immune checkpoints and
their ligands in different SIRGs score groups. The
immunophenoscore (IPS) was obtained without bias by
analyzing the expression of four categories of immunogenicity-
determining genes: effector cells, immunosuppressive cells,
MHC molecules, and immunomodulators. IPS was calculated
on a range of 0-10 according to z scores representing gene
expression in cell types. IPS was positively associated with the
immunotherapeutic response. We downloaded the IPS for EGJA
patients from the Cancer Immunome Atlas (TCIA, https://tcia.
at/home).

Statistical analysis

Clinicopathological factors associated with prognosis were
determined by univariate and multivariate Cox regression.
Kaplan-Meier survival curves were drawn by the package
“survminer”, and differences in survival between the two
groups were determined using the log-rank test. Statistical
significance was set at two-sided p<0.05. Data were analyzed
using SPSS v.22.0 (SPSS, Inc., Chicago, IL, USA) and R
version 4.1.0.

Results

Identification of SIRGs by immunoscore
and stromalscore

The clinicopathological characteristics of 110 EGJA patients
from the TCGA database are shown in Table 1. The ESTIMATE
algorithm is applied for inferring the infiltration of immune cells
and stromal cells in the microenvironment, and the results were
revealed by immunescore and stromalscore. We separated the
patients into the high-immunoscore group and the low-
immunoscore group based on the median immunoscore. For
comparison, there were 981 upregulated genes and 144
downregulated genes in the high immunescore EGJA patients
(Figure 1A). Additionally, we divided these patients into high-
stromalscore and low-stromalscore groups according to the
median stromalscores. There were 1359 upregulated genes and
108 downregulated genes in the high-stromalscore EGJA
patients (Figure 1B). As shown in the Venn diagram
(Figure 1C), we defined overlapping genes that were up- or
downregulated in the stromal and immune groups as stromal-
immune related genes (SIRGs). We further used GO and KEGG
pathway enrichment to analyze these SIRGs. The results
demonstrated that immune response, plasma membrane,
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TABLE 1 Clinical characteristics of EGJA and GC patients.

Variables TCGA-EJGA cohort  GEO-GC cohort
(n=110) (n=733)
Age (mean * SD, 64.9 £ 10.9 60.8 + 11.5
years)
Gender
Male 72(65.5%) 495(67.5%)
Female 38(34.5%) 238(32.5%)
T stage
T1-T2 35(31.8%) 237(32.3%)
T3-T4 75(68.2%) 496(67.7%)
unknown 0(0%) 0(0%)
N stage
NO 32(29.1%) 118(16.1%)
N+ 78(70.9%) 615(83.9%)
unknown 0(0%) 0(0%)
M stage
Mo 102(92.7%) 273(26.4%)
Ml 8(7.3%) 27(2.6%)
unknown 433(100%)
Stage
I 19(17.3%) 31(4.2%)
il 34(30.9%) 97(13.2%)
1T 45(40.9%) 95(13.0%)
v 12(10.9%) 77(10.5%)
unknown 0(0%) 433(59.1%)
SIRGs score (mean 0.34 + 041 0.27 £ 0.16

+SD)

MHC class IT receptor activity and another immune-related gene
ontology were enriched (Figure 1D, E). The tumor-related
stromal cell may participate in tumor progression, metastasis
and chemotherapy response to further influence prognosis (26).
We also found that the stromalscore was correlated with T stage
and TNM stage, and EGJA patients in the high stromalscore
group had higher T stage and TNM stage (Figure 1F). Survival
analysis showed that EGJA patients with high stromalscore had a
poorer prognosis than those with low stromalscore (p=0.037),
which are consistent with the results of other researches (27-29).
However, there was no significant survival difference between
high immunescore patients and low immunoscore patients
(Figure 1G, p=0.279).

Survival analysis of SIRGs and gene set
enrichment analysis (GSEA)

We further explored the prognostic value of these 617 SIRGs.
Univariate Cox analysis showed that 122 of them were associated
with the prognosis of the EGJA patients, as shown in
Supplementary S1. To avoid overfitting, a further LASSO
analysis identified that 8 of 122 genes were core prognostic
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factors for EGJA patients (Figures 2A, B). We further used
multivariate Cox proportional hazards regression analysis to
construct a predictive model: SIRGs score=(0.1582*CFP)+
(-0.06340*ZDHHCI11) +(0.05201*ASB5)+(0.09763*LILRA4)+
(0.002203*FRZB)+(0.004185*PTGDR)+(0.5599* LRRC55)+
(0.1443*FCN1). The contribution of 8 core SIRGs on the overall
survival are shown in Figure 2C. CFP (p<0.001), ASB5 (p=0.008),
LILRA4 (p=0.001), FRZB (p=0.002), PTGDR (p=0.001), LRRC55
(p<0.001) and FCN1 (p<0.001) were prognostic risk factors for
the EGJA patients. Among them, only ZDHHCCI11(p=0.030) was
a prognostic protective factor. These 8 SIRGs of Kaplan-Meier
survival curves are show in Supplementary S2.

Furthermore, GO- and KEGG-related GSEA in the high
SIRGs score group revealed that activation of multiple immune
responses was enriched in GO biological processes (GOBP) and
that cell adhesion molecules, chemokine signaling pathways and
cytokine-cytokine receptor interactions were enriched in KEGG
pathways (Figures 2D, E). In the low SIRGs score group, the
GSEA enrichment focused on cornification, epidermal cell
differentiation and epidermal development in GOBP and cell
cycle, glutathione metabolism and olfactory transduction in
KEGG (Figures 2F, G).

We calculated the SIRGs score of the 110 EGJA patients by
this formula and ranked the SIRGs score (Figure 3A). The dot
plot in Figure 3B shows the distribution of SIRGs score and
overall survival time. Then, we divided them into a high SIRGs
score group and a low SIRGs score group according to the
median value. The heatmap in Figure 3C illustrates the
expression patterns of 8 SIRGs in the low and high SIRGs
score groups. Kaplan-Meier analysis showed that the
prognosis of the low SIRGs score group was better than that of
the high SIRGs score group (Figure 3D, p=0.009).

We used the GEO gastric cancer database to validate this
formula. A total of 733 gastric cancer patients from GSE66229
and GSE84437 were involved to calculate the SIRGs score. We
also divided these patients into a GEO high SIRGs score group
and a GEO low SIRGs score group. There were 367 and 366
patients in these two groups, respectively. We also ranked the
SIRGs score, and the results are shown in Figure 3E. The
distribution of SIRGs score and overall survival time were
exhibited in Figure 3F. The expression patterns of 8 SIRGs
showed as heatmap in Figure 3G. Kaplan-Meier analysis showed
that the prognosis of the GEO low SIRGs score group was better
than that of the GEO high SIRGs score group (Figure 3H,
p=0.006). The median survival of these two groups was 67
months and 120 months, respectively.

SIRGS-score-based nomogram model to
predict the prognosis of EGJA patients

Univariate and multivariate Cox analyses indicated that age
and SIRGs score were independent prognostic factors for the
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FIGURE 1

Identification SIRGs and enrichment analyses. (A) Volcano plot of DEGs in immunescore; (B) Volcano plot of DEGs in stromalscore; (C) Venn
plot to identify SIRGs; (D) GO enrichment analysis; (E) KEGG pathway enrichment analysis; (F) The relationship between stromalscore and TNM

stage; (G) Kaplan-Meier analysis in different groups.

TCGA-EGJA patients (Figures 4A, B) and GEO-GC patients
(Table 2). However, TNM stage is widely considered a
prognostic factor. Therefore, we also included TNM stage in
the nomogram model (Figure 4C). The C-index of this model
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was 0.798. The AUCs of the 1-year and 3-year OS for
the nomogram were 0.798 and 0.740, respectively. The
prognostic test efficacy of the nomogram model containing
the SIRGs score was better than that of the TNM staging (0.553
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and 0.558) or the SIRGs score alone (0.756 and 0.654)
(Figures 4D, E).

Exploring the role of SIRGs in tumor
immune cell infiltration, immune typing
and immune function

The effect of immunotherapy for malignant tumors is often
closely related to the tumor microenvironment. Tumor-
infiltrating immune cells play essential roles in the TME. We
further calculated the 22 types of tumor-infiltrating immune
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cells in 110 EGJA patients by CIBERSORT (30) (Figure 5A).
The relationships of 22 types of infiltrating immune cells to
each other are presented in the correlation matrix (Figure 5B).
Then, these patients were divided into four immune types by
unsupervised clustering algorithms according to infiltrating
immune cells (Figure 5C). Moreover, in category D, we
found that CD8+ T cells increased significantly, as did
activated CD4+ T cells and NK cells (Figure 5D). Both
stromal score and immunoscore were also significantly
increased in category D (Figure 5D). We explored the
distribution of these 4 categories in different SIRGs score
groups. We found that in the high SIRGs score group, the
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different SIRGs score group.

proportion of type D accounted for 45%, which was much
higher than that of the low SIRGs score group (Figure 5E,
p=0.001). Subsequently, we explored the immune states
between the high- and low SIRGs score groups by calculating
the enrichment scores with ssGSEA. In total, 29 immune
signature gene sets associated with immune status were
analyzed. As Figure 5F shows, all 29 immune-state scores
were higher in the high SIRGs score group, which suggested
that those patients’ immune functions were more active.
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The relationship between SIRGs score
and tumor mutation burden (TMB)

As EGJA is a disease that features highly somatic alterations,
we further detected the relationship between the SIRGs score
and the TMB. The top 30 mutated genes in the high and low
SIRGs score groups are shown in Figures 6A, B. We found that
the mutations of ARID1A, ADAMTS1 and CSMD3 were high in
the high SIRGs score group and rarely demonstrated in the low
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FIGURE 4

Establishment SIRGs score-based nomogram for predicting EGJA patients’ prognosis. (A) Forest plot presenting univariate Cox regression
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analysis result; (B) Forest plot presenting multivariate Cox regression analysis result; (C) SIRGs score-based nomogram; (D) AUC values of ROC
predicted 1-year OS rates of Nomogram, SIRGs score and TNM stage; (E) AUC values of ROC predicted 3-year OS rates of Nomogram, SIRGs

score and TNM stage.

TABLE 2 Univariate and multivariate Cox regression analyses of overall survival for 7Z33GC patients in the GEO cohort.

Univariate Analysis

Multivariate Analysis

HR [95%CI] P value HR [95%CI] P value
Age 1.016 [1.007 - 1.026] 0.001 1.018 [1.008 - 1.028] <0.001
Sex 0.464
male Reference
female 0.920 [0.735 - 1.151]
T stage 0.023 0.079
T1-T2 Reference Reference
T3-T4 1.310 [1.038 - 1.653] 1.237 [0.975 - 1.570]
N stage 0.004 0.004
NoO Reference Reference
N+ 1.584 [1.162 - 2.159] 1.582 [1.160 - 2.157]
SIRGs score 2.709 [1.464 - 5.010] 0.001 2.599 [1.386 - 4.872] 0.003
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not significant.

SIRGs group (Figures 6C, D). Moreover, the distribution of the
SIRGs score was balanced in the high- and low-TMB groups
(Figure 6E). Similarly, the OS showed no differences in the TMB
groups (Figure 6F).

The SIRGs score could be a predictive
biomarker for immunotherapy

Our next step was to test whether the SIRGs score can be
used as a biological target to predict the effectiveness of
immunotherapy. We first examined the expression of immune
checkpoints. The results showed that the expression of PDLI,
CTLA4, HAVCR2 LAG3, TIGIT, and PD1 in the high SIRGs
score group was increased significantly (Figures 7A-F). The IPS
plays an essential role in evaluating the response to immune
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checkpoint inhibitors (ICIs) therapy. The IPS-PD1 and IPS-
PD1-CTLA4 scores were higher in the high SIRGs score group
(Figure 7G). Therefore, the above results indicate that EGJA
patients with high SIRGs score may be more sensitive to
immunotherapy. More importantly, we included 281 advanced
clear cell renal cell carcinoma patients and 85 melanoma patients
receiving immunotherapy for validation. In advanced clear cell
renal cell carcinoma validation cohort, 29.0% of patients
achieved complete response (CR) or partial response (PR) in
the high SIRGs group (Figure 7H, p=0.030), which significantly
improved the high SIRGs score patients’ OS (Figure 71,
P=0.048). In other words, patients in the low SIRGs group
were not sensitive to immunotherapy, with only 14% CR/PR
patients. Therefore, in the immunotherapy cohort, the low
SIRGs patients’ prognosis was worse. Similarly, in melanoma
cohorts (GSE78220 and GSE91061), 43.8% of patients with high
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SIRGs score reached CR/PR, with only 22.2% CR/PR patients in
low SIRGs group (p=0.036, Figure 7J). The Kaplan-Meier
survival analysis illustrated that there was a trend of better OS
in high SIRGs group (p=0.063, Figure 7K).

Discussion

EGJA is a malignant tumor in a special location. Different
countries and regions have different treatment principles. Some
studies in Europe and the United States have combined EGJA
with esophageal cancer for research (31). While in Asia, clinical
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trials mostly combine EGJA and gastric cancer (32). Therefore,
the biological characteristics of EGJA need to be further studied.
However, immunotherapy has shown promising results in both
esophageal cancer and gastric cancer (5). However, not all EGJA
patients can benefit from immunotherapy. At present, there is
still no good indicator to evaluate whether patients can benefit
from immunotherapy before treatment, especially patients with
EGJA. Studies have shown that the prognosis of gastric cancer
patients and the effect of immunotherapy are related to the
tumor immune microenvironment (13, 33). The stromal and
immune cells crosstalk with cancer cells in tumor
microenvironment. In the past, few researches fully considered
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The estimation and validation of two SIRGs score groups in immunotherapy response. (A-F) The different expression of six immune checkpoint
molecules (CD274, CTLA4, HAVCR2, LAG3, TIGIT, PDCD1) in different SIRGs score groups; (G) The association between IPS and SIRGs score;
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the overall landscape of the infiltrating stromal and immune cells
at the same time in tumor microenvironment. Therefore, we
hope to construct a signature through stromal-immune related
genes to predict the survival and immunotherapeutic effect of
EGJA patients.

The ESTIMATE score is used to infer the infiltration of
immune cells and stromal cells in the microenvironment of solid
tumor tissues through the transcriptome data of tumor samples
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(17). Therefore, the SIRGs determined by ESTIMATE may be an
important factor affecting the immune microenvironment. After
calculating the stromal score and immune score of EGJA
patients from TCGA, we identified 618 SIRGs. The results of
KEGG and GO enrichment analyses suggested that the enriched
pathways and functions are related to immunity, implying that
the imbalance of these genes may cause changes in the immune
microenvironment. Subsequently, we selected 122 SIRGs closely
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related to prognosis for LASSO regression and obtained the
following 8 core genes: CFP, ZDHHCI11, ASB5, LILRA4, FRZB,
PTGDR, LRRC55 and FCNI1. Then, we constructed the
signature named SIRGs score through Cox regression analysis.
Among them, CFP is a tumor prognostic marker associated with
immune infiltration in gastric and lung cancer (34). ZDHHCI11
can regulate the innate immune response to DNA viruses (35).

Further survival analysis confirmed that the SIRGs score can
effectively predict the prognosis of this group of EGJA patients as
an independent prognostic factor. As some studies have
reported, the prognosis of EGJA was similar to that of GC, so
to evaluate the postoperative prognosis of EGJA, they should be
considered a part of GC instead of esophageal cancer (EC) (36,
37). In order to acquire sufficient cases to validate the SIRGs in
predicting prognosis, we selected 733 GC patients as validation
cohort. The results suggested that this score was also verified in
gastric cancer data from GEO. Therefore, we can more
effectively predict the prognosis of EGJA patients by TNM
staging combined with the SIRGs score. These results suggest
that this SIRGs score may be closely related to the biological
behavior of the tumor itself and plays a unique role by changing
the composition of the tumor microenvironment.

To further evaluate the relationship between the SIRGs score
and the immune microenvironment, we used CIBERSORT to
evaluate the infiltration abundance of 22 immune cells in the
immune microenvironment of EGJA patients. Then, we divided
them into four subtypes by unsupervised clustering. In theory,
patients with more infiltrated and activated immune cells in the
TME may have better immunotherapeutic effects (38). In subtype
D, the infiltration of CD8+ T cells was more obvious than that of
the other three subtypes, and activated CD4+ T cells and NK cells
were also significantly increased. The immune and stromal scores
were also higher in type D, suggesting that immune therapy may
be more sensitive. In contrast, type C has fewer infiltrated CD8+ T
cells and other immune cells and lower immune and stromal
scores, which often indicates that the effect of immunotherapy is
worse. Further analysis found that there were significant
differences between high SIRGs score and low SIRGs score
patients in the distribution of types C and D. High SIRGs score
patients were mainly concentrated in subtype D, while low SIRGs
score patients were mainly concentrated in subtype C. In addition,
ssGSEA of immune-related functions showed that almost all
immune-related functions in the high SIRGs score group were
more active than those in the low SIRGs score group. Given the
above, high SIRGs score patients with a “hot” immune
microenvironment tend to have a relatively higher response rate
to immunotherapy. However, we also found that the prognosis
of EGJA patients with more obvious immune infiltration and
more active immune function was worse. We speculate that this
is due to the immune escape of tumor cells. Tumor cells and
the TME are interdependent and antagonistic (39). The
immunosuppressive tumor microenvironment is defined as the
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immunosuppressive part of the TME. Immune cells in the TME
can always recognize and remove tumor cells in time. Immune
escape means that tumor cells can avoid the recognition and
attack of the immune system through various mechanisms to
continue to grow and proliferate in the body (40). The
immunosuppressive microenvironment consists of various
immunosuppressive cells, immunosuppressive cytokines and
various immune checkpoint molecules, which play an important
role in tumor cell immune escape (41). As Figure 5D shows,
gamma delta T cells, as a kind of immunosuppressive cell (42),
were also upregulated in the TME of high SIRGs score patients.
Current studies suggest that the upregulated expression of PD-L1
and CTLA4 on the surface of tumor cells plays a key role in the
ability of tumor cells to escape from the host immune system.
Therefore, we further compared the expression of immune
checkpoint genes in tumor tissues of the high SIRGs score
group and the low SIRGs score group and found that PD-LI,
CTLA-4, HAVCR2, LAG3, TIGIT and PDCDI1 were also up-
regulated in the high SIRGs score group. Therefore, even if these
patients had more obvious immune cell infiltration and the
prognosis was still worse due to immune escape of the tumor,
such patients might achieve better results after receiving immune
checkpoint blockade treatment. Pornpimol Charoentong et al.
used a random forest approach to identify determinants
of immunogenicity and developed an immunophenoscore (IPS)
based on the infiltration of immune subsets and the expression of
immunomodulatory molecules (43). The IPS is a robust method
for predicting anti-CTLA-4 and anti-PD-1 immunotherapy. It has
been validated in independent cohorts. Furthermore, we
investigated the relationship between IPS and different SIRGs
score in EGJA patients. The results showed that the IPS-PD1 and
IPS-PD1-CTLA4 scores were higher in the high SIRGs score
group, indicating that they were more able to benefit from anti-
PD-1 or anti-PD-1 plus anti-CTLA4 immunotherapy. The
important role of PD-1/PD-L1 inhibitors in the therapy of some
refractory tumors has been confirmed. However, in our study,
IPS-PD1-CTLA4 scores also significantly improved in the high
SIRGs group, suggesting that the SIRGs score may be able to
identify EGJA patients who can benefit from PD-1/PD-L1 +
CTLA4 inhibitor treatment. Checkmate 142, a phase II
randomized controlled trial, demonstrated that nivolumab plus
low-dose ipilimumab can significantly improve the disease control
rate in metastatic colorectal cancer. However, the results regarding
nivolumab in combination with ipilimumab in advanced GC or
EGJA from Checkmate649 have not yet been published. The
SIRGs score in our study may have predictive value to
some extent.

To further confirm the efficacy of the SIRGs score, we
selected two external cohorts of patients receiving
immunotherapy for verification (44). In the advanced clear cell
renal cell carcinoma cohort, 29% percent of the 31 patients in the
high SIRGs group achieved complete response/partial response
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(CR/PR), while only 14% percent of 250 patients achieved CR/
PR in the low SIRGs score group, and the p value of the chi-
square test was 0.030. Kaplan-Meier survival curves revealed
that the OS of high SIRGs score patients was better than that of
low SIRGs score patients, with log-rank p=0.048, implying that
immunotherapy may reverse the poor prognosis of high SIRGs
score patients. The similar results were found in melanoma
cohorts (GSE78220 and GSE91061). It was demonstrated that
patients with high SIRGs score can significantly benefit from
immunotherapy (p=0.036). Although the difference of Kaplan-
Meier survival curves did not reach statistical significance
(p=0.063), there was a trend towards better OS with
immunotherapy in high SIRGs group. The deficiency may be
attributed to insufficient sample in this cohort.

However, our research still has some limitations. First, we
focused on one kind of malignant tumor at a specific site, so the
overall number of cases and sequencing data are very limited.
Second, the current obtainable cohort based on high-throughput
sequencing to explore the efficacy of immunotherapy is very
limited. We could only select another type of tumor for
validation but not EGJA patients, and the number of cases in
the validation group was also small. We should use EGJA cohort
with immunotherapy for further verification in the future. Third,
there is still a lack of some basic experiments to further explore
the roles of these eight genes in changing the tumor
microenvironment, which needs further research and
exploration. Finally, in order to identify the cut-off value of
SIRGs for distinguishing between high and low SIRGs group
patients, we need include a large number of EGJA patients with
immunotherapy for analysis in the future.

Conclusion

In conclusion, the SIRGs score we constructed can effectively
predict the prognosis of EGJA patients and prompt the tumor
microenvironment of patients, providing a predictive role for the
use of immunotherapy.

Data availability statement
Publicly available datasets were analyzed in this study. This
data can be found here: https://www.ncbi.nlm.nih.gov/geo/ and

https://portal.gdc.cancer.gov/. The accession number(s) can be
found in the article/Supplementary Material.

References

1. Ichihara S, Uedo N, Gotoda T. Considering the esophagogastric junction as a
'zone'. Digestive Endoscopy (2017) 29 Suppl 2:3-10. doi: 10.1111/den.12792

Frontiers in Immunology

13

10.3389/fimmu.2022.977894

Author contributions

SC was responsible for the design of this study. L-YO, Z-]D,
and Y-FY analyzed the data and wrote the manuscript. J-MF, X-
JC, J-JL, and X-ZL collected and cleaned the data. LL provided
some suggestions for modification. All authors contributed to
the article and approved to submit the final manuscript.

Funding

This study Supported by Guangzhou Science and
Technology Project (grant number 201803010040), Fund of
the Sixth Affiliated Hospital of Sun Yat-sen University (grant
number P20200217202309876) and National Key
Clinical Discipline.

Acknowledgments

We sincerely appreciate for public databases, such as GEO
and TCGA.

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/fimmu.
2022.977894/full#supplementary-material

2. Liu K, Zhang W, Chen X, Chen X, Yang K, Zhang B, et al. Comparison on
clinicopathological features and prognosis between esophagogastric junctional

frontiersin.org


https://www.ncbi.nlm.nih.gov/geo/
https://portal.gdc.cancer.gov/
https://www.frontiersin.org/articles/10.3389/fimmu.2022.977894/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2022.977894/full#supplementary-material
https://doi.org/10.1111/den.12792
https://doi.org/10.3389/fimmu.2022.977894
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

OuYang et al.

adenocarcinoma (Siewert II/IIT types) and distal gastric adenocarcinoma:
Retrospective cohort study, a single institution, high volume experience in
China. Medicine (2015) 94(34):¢1386. doi: 10.1097/MD.0000000000001386

3. Ito H, Inoue H, Odaka N, Satodate H, Suzuki M, Mukai S, et al.
Clinicopathological characteristics and optimal management for esophagogastric
junctional cancer; a single center retrospective cohort study. J Exp Clin Cancer Res
CR (2013) 32(1):2. doi: 10.1186/1756-9966-32-2

4. Huang Q. Carcinoma of the gastroesophageal junction in Chinese patients.
World ] Gastroenterol (2012) 18(48):7134-40. doi: 10.3748/wjg.v18.i48.7134

5. 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 (London
England) (2021) 398(10294):27-40. doi: 10.1016/S0140-6736(21)00797-2

6. Boku N, Ryu MH, Kato K, Chung HC, Minashi K, Lee KW, et al. Safety and
efficacy of nivolumab in combination with s-1/capecitabine plus oxaliplatin in
patients with previously untreated, unresectable, advanced, or recurrent gastric/
gastroesophageal junction cancer: interim results of a randomized, phase II trial
(ATTRACTION-4). Ann Oncol (2019) 30(2):250-8. doi: 10.1093/annonc/mdy540

7. Shitara K, Van Cutsem E, Bang Y], Fuchs C, Wyrwicz L, Lee KW, et al.
Efficacy and safety of pembrolizumab or pembrolizumab plus chemotherapy vs
chemotherapy alone for patients with first-line, advanced gastric cancer: The
KEYNOTE-062 phase 3 randomized clinical trial. JAMA Oncol (2020) 6
(10):1571-80. doi: 10.1001/jamaoncol.2020.3370

8. Gertler R, Stein HJ, Loos M, Langer R, Friess H, Feith M. How to classify
adenocarcinomas of the esophagogastric junction: as esophageal or gastric cancer?
Am ] Surg Pathol (2011) 35(10):1512-22. doi: 10.1097/PAS.0b013e3182294764

9. Anker CJ, Dragovic J, Herman JM, Bianchi NA, Goodman KA, Jones WE3rd,
et al. Executive summary of the American radium society appropriate use criteria
for operable esophageal and gastroesophageal junction adenocarcinoma:
Systematic review and guidelines. Int J Radiat oncol Biol Physics (2021) 109
(1):186-200. doi: 10.1016/j.ijrobp.2020.08.050

10. Rice TW, Ishwaran H, Hofstetter WL, Kelsen DP, Apperson-Hansen C,
Blackstone EH. Recommendations for pathologic staging (p’TNM) of cancer of the
esophagus and esophagogastric junction for the 8th edition AJCC/UICC staging
manuals. Dis Esophagus (2016) 29(8):897-905. doi: 10.1111/dote.12533

11. Japanese Gastric Cancer Association. Japanese gastric cancer treatment guidelines
2018 (5th edition). Gastric Cancer (2021) 24(1):1-21. doi: 10.1007/s10120-020-01042-y

12. Gibney GT, Weiner LM, Atkins MB. Predictive biomarkers for checkpoint
inhibitor-based immunotherapy. Lancet Oncol (2016) 17(12):e542-51. doi:
10.1016/51470-2045(16)30406-5

13. Pitt JM, Marabelle A, Eggermont A, Soria JC, Kroemer G, Zitvogel L.
Targeting the tumor microenvironment: removing obstruction to anticancer
immune responses and immunotherapy. Ann Oncol (2016) 27(8):1482-92. doi:
10.1093/annonc/mdw168

14. Lei X, Lei Y, LiJK, Du WX, Li RG, YangJ, et al. Immune cells within the tumor
microenvironment: Biological functions and roles in cancer immunotherapy. Cancer
Letters (2020) 470:126-33. doi: 10.1016/j.canlet.2019.11.009

15. Schreiber RD, Old L], Smyth MJ. Cancer immunoediting: integrating
immunity's roles in cancer suppression and promotion. Sci (New York NY)
(2011) 331(6024):1565-70. doi: 10.1126/science.1203486

16. Tamborero D, Rubio-Perez C, Deu-Pons ], Schroeder MP, Vivancos A, Rovira
A, et al. Cancer genome interpreter annotates the biological and clinical relevance of
tumor alterations. Genome Med (2018) 10(1):25. doi: 10.1186/s13073-018-0531-8

17. Yoshihara K, Shahmoradgoli M, Martinez E, Vegesna R, Kim H, Torres-
Garcia W, et al. Inferring tumour purity and stromal and immune cell admixture
from expression data. Nat Commun (2013) 4:2612. doi: 10.1038/ncomms3612

18. 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

19. Huang L, Chen H, Xu Y, Chen J, Liu Z, Xu Q. Correlation of tumor-
infiltrating immune cells of melanoma with overall survival by immunogenomic
analysis. Cancer Med (2020) 9(22):8444-56. doi: 10.1002/cam4.3466

20. Zhang T, Wang Y, Dong Y, Liu L, Han Y, Wang H, et al. Identification of
novel diagnostic biomarkers in prostate adenocarcinoma based on the stromal-
immune score and analysis of the WGCNA and ceRNA network. Dis Markers
(2022) 2022:1909196. doi: 10.1155/2022/1909196

21. Zhao R, Li B, Zhang S, He Z, Pan Z, Guo Q, et al. The N(6)-
Methyladenosine-Modified pseudogene HSPA7 correlates with the tumor
microenvironment and predicts the response to immune checkpoint therapy in
glioblastoma. Front Immunol (2021) 12:653711. doi: 10.3389/fimmu.2021.653711

22. Chen X, Chen DG, Zhao Z, Balko JM, Chen J. Artificial image objects for
classification of breast cancer biomarkers with transcriptome sequencing data and
convolutional neural network algorithms. Breast Cancer Res BCR (2021) 23(1):96.
doi: 10.1186/s13058-021-01474-z

Frontiers in Immunology

14

10.3389/fimmu.2022.977894

23. Subramanian A, Tamayo P, Mootha VK, Mukherjee S, Ebert BL, Gillette
MA, et al. Gene set enrichment analysis: a knowledge-based approach for
interpreting genome-wide expression profiles. Proc Natl Acad Sci United States
America (2005) 102(43):15545-50. doi: 10.1073/pnas.0506580102

24. Barbie DA, Tamayo P, Boehm JS, Kim SY, Moody SE, Dunn IF, et al.
Systematic RNA interference reveals that oncogenic KRAS-driven cancers require
TBKI1. Nature (2009) 462(7269):108-12. doi: 10.1038/nature08460

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

26. Stein Y, Aloni-Grinstein R, Rotter V. Mutant p53-a potential player in
shaping the tumor-stroma crosstalk. J Mol Cell Biol (2019) 11(7):600-4. doi:
10.1093/jmcb/mjz071

27. Mao M, Yu Q, Huang R, Lu Y, Wang Z, Liao L. Stromal score as a prognostic
factor in primary gastric cancer and close association with tumor immune
microenvironment. Cancer Med (2020) 9(14):4980-90. doi: 10.1002/cam4.2801

28. Panayiotou H, Orsi NM, Thygesen HH, Wright AI, Winder M, Hutson R,
et al. The prognostic significance of tumour-stroma ratio in endometrial
carcinoma. BMC Cancer (2015) 15:955. doi: 10.1186/s12885-015-1981-7

29. Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell
(2011) 144(5):646-74. doi: 10.1016/j.cell.2011.02.013

30. Chen B, Khodadoust MS, Liu CL, Newman AM, Alizadeh AA. Profiling
tumor infiltrating immune cells with CIBERSORT. Methods Mol Biol (Clifton NJ)
(2018) 1711:243-59. doi: 10.1007/978-1-4939-7493-1_12

31. Rice TW, Gress DM, Patil DT, Hofstetter WL, Kelsen DP, Blackstone EH.
Cancer of the esophagus and esophagogastric junction-major changes in the
American joint committee on cancer eighth edition cancer staging manual. CA:
Cancer ] Clin (2017) 67(4):304-17. doi: 10.3322/caac.21399

32. XuRH, Zhang Y, Pan H, Feng ], Zhang T, Liu T, et al. Efficacy and safety of
weekly paclitaxel with or without ramucirumab as second-line therapy for the
treatment of advanced gastric or gastroesophageal junction adenocarcinoma
(RAINBOW-asia): a randomised, multicentre, double-blind, phase 3 trial. Lancet
Gastroenterol Hepatol (2021) 6(12):1015-24. doi: 10.1016/S2468-1253(21)00313-7

33. Jiang Y, Wang H, Wu J, Chen C, Yuan Q, Huang W, et al. Noninvasive
imaging evaluation of tumor immune microenvironment to predict outcomes in
gastric cancer. Ann Oncol (2020) 31(6):760-8. doi: 10.1016/j.annonc.2020.03.295

34. Cui G, Geng L, Zhu L, Lin Z, Liu X, Miao Z, et al. CFP is a prognostic
biomarker and correlated with immune infiltrates in gastric cancer and lung
cancer. J Cancer (2021) 12(11):3378-90. doi: 10.7150/jca.50832

35. Liu Y, Zhou Q, Zhong L, Lin H, Hu MM, Zhou Y, et al. ZDHHCI1
modulates innate immune response to DNA virus by mediating MITA-IRF3
association. Cell Mol Immunol (2018) 15(10):907-16. doi: 10.1038/cmi.2017.146

36. Suh YS, Han DS, Kong SH, Lee HJ, Kim YT, Kim WH, et al. Should
adenocarcinoma of the esophagogastric junction be classified as esophageal cancer?
a comparative analysis according to the seventh AJCC TNM classification. Ann
Surgery (2012) 255(5):908-15. doi: 10.1097/SLA.0b013e31824beb95

37. Liu K, Feng F, Chen XZ, Zhou XY, Zhang JY, Chen XL, et al. Comparison
between gastric and esophageal classification system among adenocarcinomas of
esophagogastric junction according to AJCC 8th edition: a retrospective
observational study from two high-volume institutions in China. Gastric Cancer
(2019) 22(3):506-17. doi: 10.1007/s10120-018-0890-2

38. Li B, Severson E, Pignon JC, Zhao H, Li T, Novak J, et al. Comprehensive
analyses of tumor immunity: implications for cancer immunotherapy. Genome Biol
(2016) 17(1):174. doi: 10.1186/s13059-016-1028-7

39. Joyce JA, Fearon DT. T Cell exclusion, immune privilege, and the tumor
microenvironment. Sci (New York NY) (2015) 348(6230):74-80. doi: 10.1126/
science.aaa6204

40. Zhang J, Dang F, Ren J, Wei W. Biochemical aspects of PD-LI regulation in
cancer immunotherapy. Trends Biochem Sci (2018) 43(12):1014-32. doi: 10.1016/
j.tibs.2018.09.004

41. Zhang Y, Xu J, Zhang N, Chen M, Wang H, Zhu D. Targeting the tumour
immune microenvironment for cancer therapy in human gastrointestinal
malignancies. Cancer Letters (2019) 458:123-35. doi: 10.1016/j.canlet.2019.05.017

42. Lo Presti E, Pizzolato G, Corsale AM, Caccamo N, Sireci G, Dieli F, et al. Y8
T cells and tumor microenvironment: From immunosurveillance to tumor evasion.
Front Immunol (2018) 9:1395. doi: 10.3389/fimmu.2018.01395

43. Charoentong P, Finotello F, Angelova M, Mayer C, Efremova M, Rieder D,
et al. Pan-cancer immunogenomic analyses reveal genotype-immunophenotype
relationships and predictors of response to checkpoint blockade. Cell Rep (2017) 18
(1):248-62. doi: 10.1016/j.celrep.2016.12.019

44. Braun DA, Hou Y, Bakouny Z, Ficial M, Sant' Angelo M, Forman J, et al.
Interplay of somatic alterations and immune infiltration modulates response to
PD-1 blockade in advanced clear cell renal cell carcinoma. Nat Med (2020) 26
(6):909-18. doi: 10.1038/541591-020-0839-y

frontiersin.org


https://doi.org/10.1097/MD.0000000000001386
https://doi.org/10.1186/1756-9966-32-2
https://doi.org/10.3748/wjg.v18.i48.7134
https://doi.org/10.1016/S0140-6736(21)00797-2
https://doi.org/10.1093/annonc/mdy540
https://doi.org/10.1001/jamaoncol.2020.3370
https://doi.org/10.1097/PAS.0b013e3182294764
https://doi.org/10.1016/j.ijrobp.2020.08.050
https://doi.org/10.1111/dote.12533
https://doi.org/10.1007/s10120-020-01042-y
https://doi.org/10.1016/S1470-2045(16)30406-5
https://doi.org/10.1093/annonc/mdw168
https://doi.org/10.1016/j.canlet.2019.11.009
https://doi.org/10.1126/science.1203486
https://doi.org/10.1186/s13073-018-0531-8
https://doi.org/10.1038/ncomms3612
https://doi.org/10.1158/0008-5472.CAN-17-0307
https://doi.org/10.1002/cam4.3466
https://doi.org/10.1155/2022/1909196
https://doi.org/10.3389/fimmu.2021.653711
https://doi.org/10.1186/s13058-021-01474-z
https://doi.org/10.1073/pnas.0506580102
https://doi.org/10.1038/nature08460
https://doi.org/10.1038/nature25501
https://doi.org/10.1093/jmcb/mjz071
https://doi.org/10.1002/cam4.2801
https://doi.org/10.1186/s12885-015-1981-7
https://doi.org/10.1016/j.cell.2011.02.013
https://doi.org/10.1007/978-1-4939-7493-1_12
https://doi.org/10.3322/caac.21399
https://doi.org/10.1016/S2468-1253(21)00313-7
https://doi.org/10.1016/j.annonc.2020.03.295
https://doi.org/10.7150/jca.50832
https://doi.org/10.1038/cmi.2017.146
https://doi.org/10.1097/SLA.0b013e31824beb95
https://doi.org/10.1007/s10120-018-0890-2
https://doi.org/10.1186/s13059-016-1028-7
https://doi.org/10.1126/science.aaa6204
https://doi.org/10.1126/science.aaa6204
https://doi.org/10.1016/j.tibs.2018.09.004
https://doi.org/10.1016/j.tibs.2018.09.004
https://doi.org/10.1016/j.canlet.2019.05.017
https://doi.org/10.3389/fimmu.2018.01395
https://doi.org/10.1016/j.celrep.2016.12.019
https://doi.org/10.1038/s41591-020-0839-y
https://doi.org/10.3389/fimmu.2022.977894
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	SIRGs score may be a predictor of prognosis and immunotherapy response for esophagogastric junction adenocarcinoma
	Introduction
	Materials and methods
	Gene expression datasets
	Differential expression analysis
	Pathway and&nbsp;function enrichment analysis
	Survival analysis and construction of the SIRGs prognostic signature and SIRGs score-based nomogram
	Gene set enrichment analysis (GSEA) and single-sample GSEA (ssGSEA)
	TME-associated analysis
	Tumor mutation burden (TMB) analysis
	Predicting patient response to&nbsp;immunotherapy
	Statistical analysis

	Results
	Identification of SIRGs by immunoscore and stromalscore
	Survival analysis of SIRGs and gene set enrichment analysis (GSEA)
	SIRGS-score-based nomogram model to predict the prognosis of EGJA patients
	Exploring the role of SIRGs in tumor immune cell infiltration, immune typing and immune function
	The relationship between SIRGs score and tumor mutation burden (TMB)
	The SIRGs score could be a predictive biomarker for immunotherapy

	Discussion
	Conclusion
	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


