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Background: HNSCC is a heterogeneous disease, which arises from distinct anatomic
subsites, associates with various risk factors and possesses diverse molecular
pathological features. Generally, HNSCC is considered as an immunosuppressive
disease, characterized by abnormal tumor immune microenvironment. The TNF family
plays a crucial role in the survival, proliferation, differentiation, and effector functions in both
immune and non-immune cells. However, the expression patterns of TNF in HNSCC
remains to be systematically analyzed.

Methods: We downloaded transcriptional profile data of HNSCC from TCGA and GEO
datasets. Unsupervised clustering methods were used to identify different TNF patterns
and classify patients for further analysis. PCA was conducted to construct a TNF relevant
score, which we called risk score.

Results: In this study, we systematically evaluated the patterns of TNF family and tumor
immune microenvironment characteristics of HNSCC patients by clustering the
expression of 46 members of TNF family. We identified two subtypes with distinct
clinical and immune characteristics in HNSCC and constructed a risk scoring system
based on the expression profile of TNF family genes.

Conclusion: Risk score serves as a reliable predictor of overall survival, clinical
characteristics, and immune cell infiltration, which has the potential to be applied as a
valuable biomarker for HNSCC immunotherapy.

Keywords: TNF, head and neck cancer, tumor immune microenvironment, immunotherapy, bioinformatics
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INTRODUCTION

Head and neck squamous cell carcinoma (HNSCC) is one of the
most common malignant tumors worldwide (1, 2). HNSCC is a
heterogeneous disease, which arises from distinct anatomic
subsites, associates with various risk factors and possesses
diverse molecular pathological features (3). Generally, HNSCC
is considered as an immunosuppressive disease, characterized by
abnormal tumor immune microenvironment (4). Two immune
checkpoint inhibitors, pembrolizumab and nivolumab have been
approved for the treatment of advanced HNSCC by FDA (5, 6),
but only a limited number of patients with HNSCC benefit from
immune checkpoint inhibitors. It is therefore urgent to identify
reliable molecular biomarkers for risk stratification and
therapeutic benefits prediction for immunotherapies in
HNSCC (4).

The TNF family, which consists of a 19 TNF ligand
superfamily (TNFSF) and a 29 TNF receptor superfamily
(TNFRSF), plays a crucial role in the survival, proliferation,
differentiation, and effector functions in both immune and non-
immune cells (7). A number of TNF family members have been
verified to be associated with human diseases including
inflammatory disease and cancer (8). Because of the vital role
TNF family activities in inflammatory responses regulation,
antagonists targeting this signaling to reduce chronic
inflammation or promote anti-tumor immunity have been
developed, and tested or being tested in clinical trials for
inflammatory diseases or cancer (9). In the context of head
and neck cancer, TNF signaling was a well-established tumor-
promoting pathway via either helping tumor cell resist apoptosis
or inducing an immune suppressive tumor microenvironment
(10–14). For instance, OX40, a member of the TNFRSF, was
reported to be highly expressed in the tumor infiltrating
lymphocytes of patients with HNSCC, leading to suppressive
tumor immune microenvironment (10). Another study
demonstrated that TNF-a promotes invasion and metastasis
via NF-kB pathway in oral squamous cell carcinoma (15).
However, the expression patterns and functions of TNF family
in HNSCC remains to be systematically analyzed.

In this study, we systematically evaluated the patterns of TNF
family and tumor immune microenvironment characteristics of
HNSCC patients by clustering the expression of 46 members of
TNF family. We identified two subtypes with distinct clinical and
immune characteristics in HNSCC and constructed a risk
scoring system based on the expression profile of TNF family
genes. Risk score serves as a reliable predictor of overall survival,
clinical characteristics, and immune cell infiltration, which has
the potential to be applied as a valuable biomarker for
HNSCC immunotherapy.
Abbreviations: HNSCC, head and neck squamous cell carcinomas; TNFSF, TNF
ligands superfamily; TNFRSF, TNF receptor superfamily; GSVA, gene set
variation analysis; PCA, Principal component analysis; ssGSEA, single-sample
gene set enrichment analysis; PPI, protein-protein interactions; DEGs,
differentially expressed genes; GO, Gene Ontology; KEGG, Kyoto Encyclopedia
of Genes and Genomes; TME, tumor microenvironment; CAFs, cancer-associated
fibroblasts; HPV, human papillomavirus.
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MATERIALS AND METHODS

Data and Resources
All data used in this study were obtained from public databases.
In total, three HNSCC cohorts were included in our study
(TCGA, GSE65858 and GSE41613). For TCGA HNSCC
cohort, RNA sequencing data [fragments per kilobase of
transcript per million mapped reads (FPKM) values] were
downloaded via the R package TCGAbiolinks (16). Two GEO
datasets were downloaded and processed by R package
GEOquery. Then, FPKM values were transformed into
transcripts per kilobase million (TPM) values that were more
similar to those generated from microarrays. Somatic mutation
(SNPs and small INDELs) was downloaded from the University
of California Santa Cruz (UCSC) Xena browser (https://
xenabrowser.net). All baseline information of HNSCC datasets
is summarized in Supplementary Table S1.

Unsupervised Clustering for TNF
Family Genes
Unsupervised clustering methods were used to identify different
TNF patterns and classify patients for further analysis. A total of
46 TNF family genes were used to conduct the unsupervised
clustering. A consensus clustering algorithm was performed
using the R package ConsensuClusterPlus (17) and was
repeated 1,000 times in order to ensure the stability of
clustering. The group information after unsupervised clustering
of TCGA HNSCC cohort is in Supplementary Table S2.

Gene Set Variation Analysis (GSVA) and
Single-Sample GSEA (ssGSEA)
The R package GSVA (18) was used to quantify the activity of
biological pathways. Immune gene signatures were collected
from previously published works (19) (Supplementary Table
S3). The relative immune signature enrichment scores of each
TCGA HNSCC sample are in Supplementary Table S4. The
ssGSEA algorithm in the R package GSVA was used to estimate
the relative abundance of each immune cell in HNSCC. The gene
sets defining each immune cell type were downloaded from the
study of Charoentong (20) (Supplementary Table S5). The
relative abundance of each immune cell of each TCGA
HNSCC sample was supplemented in Supplementary Table S6.

The Protein-Protein Interactions
(PPI) Analysis
The protein-protein interactions among TNF family proteins were
identified on the STRING according to the instructions (21).

Functional and Pathway
Enrichment Analysis
GO analysis was performed to identify enriched GO terms using
the R package clusterProfiler (22) with a cutoff p value <0.05 and
an adjusted p value <0.2. To identify the most related pathways of
TNF family genes, the gseKEGG function of the R package
clusterProfiler (22) was used. The DEGs list was estimated
between groups with high and low expression of this gene and
ranked according to adjusted p value.
October 2021 | Volume 12 | Article 754818
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DEGs Among TNF Patterns
DEGs among two TNF patterns (Supplementary Table S7) were
determined using the R package limma (23). The significance
criterion for DEGs was set as an adjusted p value < 0.001 and log
FC > 1 or < -1.

Generation of the Risk Score
First, the prognostic analysis was performed for each gene in the
693 DEGs using a univariate Cox regression model. A total of
177 genes (Supplementary Table S8) with significant prognosis
were extracted for further analysis. Then, the expression of these
genes was transformed into a Z score. PCA was conducted to
construct a TNF relevant score, which we called risk score. Both
PC1 and PC2 were selected to serve as signature scores. Risk
score = ∑(PC1i + PC2i), where i is the expression of TNF family
pattern related signature genes. Risk score of TCGA and two
independent GEO cohorts are in Supplementary Table S9.

Statistical Analysis
The normality of the variables was tested using the Shapiro-Wilk
normality test (24). For comparisons of two normally distributed
groups, statistical analysis was performed by unpaired t tests, and
for nonnormally distributed variables, statistical analysis was
analyzed by a Wilcoxon rank-sum test. The best cutoff values of
each cohort were evaluated using the survcutpoint function in
the survminer package. The survival curves for the prognostic
analysis were conducted via the Kaplan-Meier method, and log-
rank tests were utilized to judge differences between groups.
Correlation coefficients were computed by Spearman and
distance correlation analyses. The univariate Cox regression
model was utilized to calculate the hazard ratios (HRs). All
statistical p values were two-tailed, with p <0.05 considered as
statistically significant. All statistical analyses were conducted
using R 4.0.5 (https://www.r-project.org/). (* p < 0.05, ** p < 0.01,
*** p < 0.001, **** p < 0.0001).
RESULTS

Multi-Omics Landscape of TNF Family
in HNSCC
Firstly, we depicted the multi-omics landscape of 46 TNF family
proteins using data from TCGAHNSCC cohort (TNFRSF6B was
excluded because of its undetectable expression in TCGA HNSC
cohort). We found that the overall mutation rate of all proteins is
relatively low in the HNSCC genome (Figure 1A). Next, the
protein-protein interaction (PPI) network analyzed by STRING
showed that TNFSF and TNFRSF had widespread protein
interactions, and members inside TNFSF or TNFRSF also
interacted extensively (Figure 1B). These results demonstrated
that members among TNF family formed a complicated network
to synergistically mediate TNF pathway in tumor progression. As
shown in Figure 1C, the expression of most proteins was
significantly elevated in tumor tissues compared to normal
adjacent tissues.
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The Immune Correlation and Prognostic
Value of TNF Family in HNSCC
Considering the vital roles of TNF family in immune regulation
(7), we speculated that they might be associated with immune
cell infiltration in tumor microenvironment in HNSCC. We
analyzed the association between expression of 46 TNF family
proteins with 23 types of immune cells in TCGA HNSCC cohort
respectively, and we found that most of them were significantly
positively correlated with immune cell infiltration in tumor
tissues (Figure 2A). To clarify the prognostic significance of
TNF family, we conducted univariate Cox regression of all 46
proteins, and found that 17 proteins were significantly correlated
with overall survival of HNSCC patients, of which only
TNFRSF12A, EDA, LTBR and EDA2R predicted unfavorable
outcomes (Figure 2B). These results seemed contradictory to our
previous result that most TNF family members were elevated in
tumor tissues compared to normal adjacent tissues. However,
patients enrolled from TCGA HNSCC cohort have received anti-
tumor therapies, and these results indicated that high expression
of TNF family members could have better therapeutic responses,
thus leading to a better overall survival.

TNF Patterns in the TCGA HNSCC Cohort
TNF family might contribute to the heterogeneity of HNSCC
and they were also associated closely with the tumor immune
microenvironment. To further identify new probable TNF family
patterns, unsupervised clustering was conducted based on the
expression of 46 members of TNF family in TCGA HNSCC
cohort. As shown in Supplementary Figures S1A–D, two
clusters could achieve the best clustering efficacy. Accordingly,
patients were classified into TNF pattern A and pattern B
(Figure 3A). TNF pattern A displayed better overall survival,
whereas TNF pattern B displayed more advanced pathological
stage and grade (Figures 3B, C). More elaborate analysis of TNF
patterns with clinical characteristics of HNSCC patients showed
that TNF pattern A had a low frequency of TP53 mutation and
EGFR amplification (Figures 3D, E), but a higher rate of HPV
infection (Figures 3F, G). TP53 mutation and EGFR
amplification are unfavorable predictors in HNSCC patients,
while HPV infection was a favorable indicator. These results
were consistent with TNF pattern A with a better overall survival
in HNSCC. Furthermore, almost all TNF family proteins were
significantly elevated in TNF pattern A (Figure 3H).

Differential Immune Characteristics of TNF
Pattern A and B
To further explore the heterogeneity of different TNF patterns,
we identified the differentially expressed genes (DEGs) among
two groups. A total of 693 TNF pattern-related genes were
identified (Supplementary Table S7). Gene Ontology (GO)
and Kyoto Encyclopedia of Genes and Genomes (KEGG)
analysis showed that the pathways were enriched in immune-
related events (Figures 4A, B). Also, we conducted gene set
enrichment analysis (GSEA) of differentially expressed genes
between TNF pattern A and B, and the result showed that they
are enriched in antigen processing and presentation and T cell
October 2021 | Volume 12 | Article 754818
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differentiation (Supplementary Figure S2), which was
consistent with our GO and KEGG analysis. To further analyze
immune cell infiltration and immune-related signatures in two
TNF patterns, we estimated the relative abundance of each type
of immune cells and relative immune signature enrichment
scores in HNSCC by the method of single-sample GSEA
(ssGSEA). The results showed that TNF pattern A was
significantly associated with immune cell infiltration (especially
CD4+ and CD8+ T cell) and relatively hot immune
microenvironment signature, such as effector CD8+ T cells and
cytolytic activity (Figures 4C, D). Considering the vital role of
immune checkpoint molecules (PD-1, PD-L1, LAG3 and CTLA-
4) in tumor immune microenvironment, we analyzed the
expression of these molecules in two TNF patterns. We found
that the expression of all four immune checkpoint molecules was
significantly elevated in TNF pattern A, which was consistent
Frontiers in Immunology | www.frontiersin.org 4
with our above-mentioned immune-related signatures
(Supplementary Figure S3).

The Clinical and Transcriptomic
Characteristics of TNF-Related
Gene Clusters
To further explore the heterogeneity of different TNF patterns, a
univariate Cox regression analysis of 693 DEGs certified that 177
genes had prognostic value (Supplementary Table S8).
Unsupervised clustering analysis based on the expression of
these 177 genes also divided HNSCC patients into two clusters,
which we called TNF gene clusters (Supplementary Figure S4).
The clinical analysis showed that different gene cluster had
distinct status of TP53 mutation and HPV infection
(Figure 5A), which was consistent with our previous identified
TNF clusters, and TNF gene cluster A also tended to have a
A B

C

FIGURE 1 | Multi-omics landscape of TNF family in HNSCC. (A) The mutation frequency of 46 TNF family proteins in TCGA HNSCC cohort. Each column of the
figure represents an individual patient. (B) The protein-protein interaction network among TNF family proteins. (C) Boxplot shows the expression of 46 TNF family
proteins between tumor and normal tissues in TCGA HNSCC cohort. (*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001, ns, not significant)
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better survival (Figure 5B). Further analysis of two TNF gene
clusters with immune cell infiltration and immune related
signature also showed gene cluster A was enriched in immune
cell infiltration and immune signatures (Figures 5C, D).
Furthermore, we analyzed the expression of four important
immune checkpoint molecules (PD-1, PD-L1, LAG3 and
CTLA-4) in two TNF gene clusters, and the results showed
that TNF gene cluster A showed a significant elevation of all four
molecules, which was an indicator of hot immune
microenvironment (Supplementary Figure S5). Additionally,
the expression of most TNF family proteins was significantly
elevated in TNF gene cluster A (Supplementary Figure S6A).

The Construction of Risk Score and Its
Clinical Significance
To evaluate TNF status individually, we further constructed a risk
score system based on 177 TNF-related signature genes. High risk
score was associated with worse outcome, high frequency of TP53
mutation and EGFR amplification, and low frequency of HPV
infection in HNSCC patients (Figures 6A, B), whereas TNF
pattern A and TNF gene cluster A, which had better overall
survival, showed a low risk score (Figures 6C–E). Also, high risk
score was correlated with less immune cell infiltration and lower
immune signature enrichment (Supplementary Figure S6A, B).
Moreover, risk score was significantly negatively correlated with
the expression of immune checkpoint molecules (PD1, PDL1,
Frontiers in Immunology | www.frontiersin.org 5
LAG3 and CTLA4) (Supplementary Figures S7A–D).
Subsequently, we collected two independent GEO cohorts to
further validate prognostic values of our risk score. As shown
in Figures 6F, G, high risk score was significantly correlated with
poor overall survival in two independent cohorts, and TP53
mutation or HPV negative group tended to have high risk
scores (Supplementary Figure S8).
DISCUSSION

HNSCC is considered as a disease with extraordinary
heterogeneity due to its diverse anatomic subsites (1). Risk
factors for this disease include tobacco consumption, alcohol
abuse and infection with human papillomavirus (HPV),
primarily HPV-16 (25–27). With the development of next-
generation sequencing, substantial progress has been made
over the past decade in the molecular characterization of
HNSCC, culminating in The Cancer Genome Atlas (TCGA)
(1, 28–30). Based on the multi-omics data from TCGA, a series
of studies have identified a number of genes or signatures for risk
stratification, prognosis prediction and therapeutic responses
prediction. However, novel molecular biomarkers are still
urgently to be identified for better management of this disease.

TNF signaling was a well-established tumor-promoting
pathway by either helping tumor cells resist apoptosis or
A B

FIGURE 2 | The immune correlation and prognostic value of TNF family in HNSCC. (A) Correlation heatmap between 46 TNF family proteins and immune cells in
the TCGA HNSCC cohort. Orange indicates positive correlation; blue indicates negative correlation. (B) The forest plot of the univariate Cox regression model
depicting the 17 statistically significant prognostic factors in TNF family proteins in TCGA HNSCC cohort. Hazard ratio > 1: risk factors for survival. Hazard ratio < 1:
protective factors for survival. (*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001).
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A B

D E

F G

H

C

FIGURE 3 | TNF patterns in the TCGA HNSCC cohort. (A) Principal component analysis (PCA) for the expression of 46 TNF/TNFR proteins to distinguish two TNF/
TNRER patterns in TCGA HSNC cohort. (B) Kaplan-Meier survival analysis of two TNF patterns in TCGA HNSCC cohort. (C) Unsupervised clustering of 46 TNF
family proteins in TCGA HNSCC cohort. Red represents high expression, and blue represents low expression. The TNF patterns, HPV status, TP53 status, stage,
pathological grade, age, and survival status were used as sample annotations. (D–G) Stacked bar plot of TCGA HNSCC TP53 status, HPV-16 status, HPV status
and EGFR status in two TNF patterns, respectively. (H) Relative expression of 46 TNF family proteins in TNF cluster A and B in TCGA HNSCC cohort. (**p < 0.01,
***p < 0.001, ****p < 0.0001, ns, not significant).
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inducing an immune suppressive tumor microenvironment in
HNSCC (10–14). We firstly systematically analyzed multi-omics
data of 46 TNF family genes, and we found that most of these
genes were significantly differentially expressed in HNSCC.
Further analysis of immune correlation of TNF family genes in
HNSCC revealed that most of them were significantly positively
correlated with infiltration of various immune cells, including
activated CD4+ and CD8+ T cell. Univariate Cox regression of all
46 proteins showed that 17 proteins were significantly correlated
Frontiers in Immunology | www.frontiersin.org 7
with overall survival of HNSCC patients, of which only
TNFRSF12A, EDA, LTBR and EDA2R predicted unfavorable
outcomes. These results demonstrated that TNF family genes
played a crucial role in the development and TME of HNSCC.

Subsequently, we identified two subtypes with distinct clinical
and immune characteristics in HNSCC based on the expression
profile of TNF family genes. TNF cluster A was characterized by
high infiltration of immune cells and enrichment of immune
activated signatures along with a better overall survival. TP53
A B

D

C

FIGURE 4 | Differential immune characteristics of TNF pattern A and B (A) Gene Ontology (GO) analysis depicted the enriched pathways of TNF-related genes.
(B) Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways analysis of TNF-related genes. (C) Relative infiltration of 23 types of immune cells in TNF cluster A
and B (D) Relative enrichment score of 17 immune related signatures in TNF cluster A and B. (*p < 0.05, ***p < 0.001, ****p < 0.0001).
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mutation (72% of tumors) was the most frequent mutation in
HNSCC, and it was considered as an early driver genomic
alterations (28). Our analysis found that TNF cluster A had
lower TP53 mutation frequency compared to TNF cluster B.
Another oncogenic driver gene in HNSCC tumor is EGFR,
which was overexpressed in 80–90% of HNSCC tumors and was
associated with poor overall survival and progression-free survival
Frontiers in Immunology | www.frontiersin.org 8
(31, 32). Our analysis of EGFR amplification in TNF cluster A and
B also showed that cluster A had higher fraction of unamplified
EGFR compared cluster B. HPV infection is an increasingly
common risk factor for HNSCC. HPV infection is associated
with most oropharyngeal cancers (>70%) and a small minority of
cancers at other head and neck anatomical sites (25, 26), and
HPV-positive HNSCC generally has a more favorable prognosis
A B

D

C

FIGURE 5 | The clinical and transcriptomic characteristics of TNF-related gene clusters. (A) Unsupervised clustering of 177 TNF related genes in TCGA HNSCC
cohort. Red represents high expression, and blue represents low expression. The TNF gene cluster patterns, TNF patterns, HPV status, TP53 status, stage,
pathological grade, age, and survival status were used as sample annotations. (B) Kaplan-Meier survival analysis of two TNF gene cluster patterns in TCGA HNSCC
cohort. (C) Relative infiltration of 23 types of immune cells in TNF gene cluster A and B (D) Relative enrichment score of 17 immune related signatures in TNF gene
cluster A and B. ( **p < 0.01, ****p < 0.0001, ns, not significant).
October 2021 | Volume 12 | Article 754818
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thanHPV-negative HNSCC (1). We also analyzed the relationship
between TNF clusters and HPV infection in HNSCC, and the
result showed that HPV infection was more frequent in TNF
cluster A. All these results were consistent with our previous
analysis that TNF cluster A had a better overall survival.

The tumor microenvironment (TME) in HNSCC is a complex
and heterogeneous population of tumor cells and stromal cells,
Frontiers in Immunology | www.frontiersin.org 9
which include endothelial cells, cancer-associated fibroblasts (CAFs)
and immune cells (1). Generally, HNSCC is considered as an
immune cell infiltrating tumor, which are characterized by
immunosuppressive TME (33, 34). Two immune checkpoint
inhibitors, pembrolizumab and nivolumab have been approved
for the treatment of advanced HNSCC by FDA (5, 6), but a
limited number of patients with HNSCC derive benefit from
A B

D E

F G

C

FIGURE 6 | The construction of risk score and its clinical significances. (A) Kaplan-Meier survival analysis of high and low risk score group in TCGA HNSCC cohort.
(B) Bar chart depicting the relationship of risk score and various clinical characteristics in the TCGA HNSCC cohort. HPV status, TP53 status, stage, pathological
grade, age, and survival status were used as sample annotations. (C) Boxplot of risk score in TNF cluster A and B (D) Boxplot of risk score in TNF gene cluster A
and B (E) Alluvial diagram depicting the relationship of TNF cluster, TNF gene cluster, TP53 status and risk score group, TNF cluster/gene cluster A was associated
with low frequency of TP53 mutation and low risk score. (F) Kaplan-Meier survival analysis of high and low risk score group in GSE65858 cohort. (G) Kaplan-Meier
survival analysis of high and low risk score group in GSE41613 cohort.
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immune checkpoint inhibitors. It is also urgent to identify reliable
molecular biomarkers for risk stratification and therapeutic benefit
prediction for those therapy strategies in HNSCC (4). In our study,
two subtypes identified by us had distinct immune characteristics.
TNF cluster A was significantly associated with higher immune cell
infiltration, activated immune signatures and expression of immune
checkpoint molecules, which indicated an immune “hot” tumor.
Based on this result, we speculate that TNF cluster A might derive
better responses to immune checkpoint inhibitors.

Considering the distinct characteristics of two TNF clusters,
we hypothesized that DEGs between two groups might also have
unique characteristics. Accordingly, we conducted unsupervised
clustering analysis based on the expression of DEGs and also
divided HNSCC patients into two groups, which we called TNF
gene cluster A and B. Similar to the results of TNF clusters, two
TNF gene clusters also had distinct clinical and immune
characteristics. These results demonstrated that there were
indeed two immune subtypes based on the expression profile
of TNF gene family in HNSCC.

Regarding the clinical significance of our study,we constructed a
risk score based on the expression of DEGs that can evaluate risk of
HNSCC patients individually. Indeed, the patients with high risk
score had worse overall survival, which was validated by two
independent GEO cohorts. Also, the patients with TP53 mutation
or EGFR amplification had a significantly higher risk score and
patients with HPV infection had a lower risk score, which was
consistent with our TNF clusters and TNF gene clusters.

However, our study also had some limitations. First, we failed to
find expression profile data of HNSCC patients receiving immune
checkpoint blockers to validate the predictive value of our risk score
to immune checkpoint inhibitors. Second, our analysis was only
based on retrospective data frompublic databases, which need to be
further validated by prospective studies in the future.

In conclusion, we identified two subtypes with distinct clinical
and immune characteristics in HNSCC and constructed a risk
scoring system based on the expression profile of TNF genes.
Risk score is capable of serving as a reliable predictor of overall
survival, clinical characteristics, and immune cell infiltration,
which have the potential to be applied as a valuable biomarker
for HNSCC immunotherapy.

DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/Supplementary Material.
Frontiers in Immunology | www.frontiersin.org 10
AUTHOR CONTRIBUTIONS

QL, YL, MC, and AY conceived and designed the project. QL,
CH, QM, JP, WD, XX, DD, XW, XQ, WZ, DS, and MC analyzed
and interpreted the data. QL, YL, MC, and AY wrote and revised
the manuscript. All authors contributed to the article and
approved the submitted version.
FUNDING

This work was supported by the funds from the National Natural
Science Foundation of China (81902681, 81972569, 81772925,
82072981, 81972623).
ACKNOWLEDGMENTS

We thank all members of Deng’s laboratory for their advice and
technical assistance.

SUPPLEMENTARY MATERIAL

The SupplementaryMaterial for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fimmu.2021.754818/
full#supplementary-material

Supplementary Figure 1 | (A–D) Consensus clustering matrices of 46 TNF
family proteins in TCGA HNSCC cohort for k = 2-5.

Supplementary Figure 2 | GSEA of DEGs in two TNF patterns in HNSCC.

Supplementary Figure 3 | The relative expression of PD1, PDL1, LAG3 and
CTLA4 in two TNF patterns in HNSCC.

Supplementary Figure 4 | (A–D) Consensus clustering matrices of 177
differentially expressed genes in TCGA HNSCC cohort for k = 2-5.

Supplementary Figure 5 | The relative expression of PD1, PDL1, LAG3 and
CTLA4 in two TNF gene clusters in HNSCC.

Supplementary Figure 6 | (A) Relative expression of 46 TNF family proteins in
TNF cluster A and B in TCGA HNSCC cohort. (B) Relative infiltration of 23 types of
immune cells in high and low risk group. (C) Relative enrichment score of 17
immune related signatures in high and low risk group.

Supplementary Figure 7 | (A–D) The correlation of risk score with the expression
of PD1, PDL1, LAG3 and CTLA4 in TCGA HNSCC cohort, respectively.

Supplementary Figure 8 | (A) Risk score in different TP53 status patients in
GSE65858 cohort. (B)Risk score in different HPV status patients inGSE65858 cohort.
REFERENCES

1. Johnson DE, Burtness B, Leemans CR, Lui VWY, Bauman JE, Grandis JR.
Head and Neck Squamous Cell Carcinoma. Nat Rev Dis Primers (2020) 6
(1):92. doi: 10.1038/s41572-020-00224-3

2. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.
Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and
Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin
(2021) 71(3):209–49. doi: 10.3322/caac.21660
3. Horton JD, Knochelmann HM, Day TA, Paulos CM, Neskey DM. Immune
Evasion by Head and Neck Cancer: Foundations for Combination Therapy.
Trends Cancer (2019) 5(4):208–32. doi: 10.1016/j.trecan.2019.02.007

4. Gavrielatou N, Doumas S, Economopoulou P, Foukas PG, Psyrri A.
Biomarkers for Immunotherapy Response in Head and Neck Cancer.
Cancer Treat Rev (2020) 84:101977. doi: 10.1016/j.ctrv.2020.101977

5. Burtness B, Harrington KJ, Greil R, Soulieres D, Tahara M, de Castro G Jr,
et al. Pembrolizumab Alone or With Chemotherapy Versus Cetuximab With
Chemotherapy for Recurrent or Metastatic Squamous Cell Carcinoma of the
October 2021 | Volume 12 | Article 754818

https://www.frontiersin.org/articles/10.3389/fimmu.2021.754818/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2021.754818/full#supplementary-material
https://doi.org/10.1038/s41572-020-00224-3
https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/j.trecan.2019.02.007
https://doi.org/10.1016/j.ctrv.2020.101977
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Long et al. TNF Patterns in HNSCC
Head and Neck (KEYNOTE-048): A Randomised, Open-Label, Phase 3
Study. Lancet (2019) 394(10212):1915–28. doi: 10.1016/S0140-6736(19)
32591-7

6. Seiwert TY, Burtness B, Mehra R, Weiss J, Berger R, Eder JP, et al. Safety and
Clinical Activity of Pembrolizumab for Treatment of Recurrent or Metastatic
Squamous Cell Carcinoma of the Head and Neck (KEYNOTE-012): An
Open-Label, Multicentre, Phase 1b Trial. Lancet Oncol (2016) 17(7):956–65.
doi: 10.1016/S1470-2045(16)30066-3

7. Dostert C, Grusdat M, Letellier E, Brenner D. The TNF Family of Ligands and
Receptors: Communication Modules in the Immune System and Beyond.
Physiol Rev (2019) 99(1):115–60. doi: 10.1152/physrev.00045.2017

8. So T, Ishii N. The TNF-TNFR Family of Co-Signal Molecules. Adv Exp Med
Biol (2019) 1189:53–84. doi: 10.1007/978-981-32-9717-3_3

9. Ward-Kavanagh LK, Lin WW, Sedy JR, Ware CF. The TNF Receptor
Superfamily in Co-Stimulating and Co-Inhibitory Responses. Immunity
(2016) 44(5):1005–19. doi: 10.1016/j.immuni.2016.04.019

10. Bell RB, Leidner RS, Crittenden MR, Curti BD, Feng Z, Montler R, et al. OX40
Signaling in Head and Neck Squamous Cell Carcinoma: Overcoming
Immunosuppression in the Tumor Microenvironment. Oral Oncol (2016)
52:1–10. doi: 10.1016/j.oraloncology.2015.11.009

11. LuH,YangX,Duggal P,AllenCT, YanB, Cohen J, et al. TNF-AlphaPromotesC-
REL/DeltaNp63alpha Interaction andTAp73Dissociation FromKeyGenes That
Mediate Growth Arrest and Apoptosis in Head and Neck Cancer. Cancer Res
(2011) 71(21):6867–77. doi: 10.1158/0008-5472.CAN-11-2460

12. Sandra F, Matsuki NA, Takeuchi H, Ikebe T, Kanematsu T, Ohishi M, et al.
TNF Inhibited the Apoptosis by Activation of Akt Serine/Threonine Kinase in
the Human Head and Neck Squamous Cell Carcinoma. Cell Signal (2002) 14
(9):771–8. doi: 10.1016/s0898-6568(02)00025-6

13. Si H, Lu H, Yang X, Mattox A, Jang M, Bian Y, et al. TNF-Alpha Modulates
Genome-Wide Redistribution of DeltaNp63alpha/TAp73 and NF-kappaB
cREL Interactive Binding on TP53 and AP-1 Motifs to Promote an
Oncogenic Gene Program in Squamous Cancer. Oncogene (2016) 35
(44):5781–94. doi: 10.1038/onc.2016.112

14. Jackson-Bernitsas DG, Ichikawa H, Takada Y, Myers JN, Lin XL, Darnay BG,
et al. Evidence That TNF-TNFR1-TRADD-TRAF2-RIP-TAK1-IKK Pathway
Mediates Constitutive NF-kappaB Activation and Proliferation in Human
Head and Neck Squamous Cell Carcinoma. Oncogene (2007) 26(10):1385–97.
doi: 10.1038/sj.onc.1209945

15. Tang D, Tao D, Fang Y, Deng C, Xu Q, Zhou J. TNF-Alpha Promotes
Invasion and Metastasis via NF-Kappa B Pathway in Oral Squamous Cell
Carcinoma. Med Sci Monit Basic Res (2017) 23:141–9. doi: 10.12659/
msmbr.903910

16. Colaprico A, Silva TC, Olsen C, Garofano L, Cava C, Garolini D, et al.
TCGAbiolinks: An R/Bioconductor Package for Integrative Analysis of TCGA
Data. Nucleic Acids Res (2016) 44(8):e71. doi: 10.1093/nar/gkv1507

17. Wilkerson MD, Hayes DN. ConsensusClusterPlus: A Class Discovery Tool
With Confidence Assessments and Item Tracking. Bioinformatics (2010) 26
(12):1572–3. doi: 10.1093/bioinformatics/btq170

18. Hanzelmann S, Castelo R, Guinney J. GSVA: Gene Set Variation Analysis for
Microarray and RNA-Seq Data. BMC Bioinf (2013) 14:7. doi: 10.1186/1471-
2105-14-7

19. Meng Q, Lu YX, Ruan DY, Yu K, Chen YX, Xiao M, et al. DNA Methylation
Regulator-Mediated Modification Patterns and Tumor Microenvironment
Characterization in Gastric Cancer. Mol Ther Nucleic Acids (2021) 24:695–
710. doi: 10.1016/j.omtn.2021.03.023

20. 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

21. Szklarczyk D, Gable AL, Lyon D, Junge A, Wyder S, Huerta-Cepas J, et al.
STRING V11: Protein-Protein Association Networks With Increased
Coverage, Supporting Functional Discovery in Genome-Wide Experimental
Frontiers in Immunology | www.frontiersin.org 11
Datasets. Nucleic Acids Res (2019) 47(D1):D607–D13. doi: 10.1093/nar/
gky1131

22. Yu G, Wang LG, Han Y, He QY. Clusterprofiler: An R Package for Comparing
Biological Themes Among Gene Clusters. OMICS (2012) 16(5):284–7.
doi: 10.1089/omi.2011.0118

23. Ritchie ME, Phipson B, Wu D, Hu Y, Law CW, Shi W, et al. Limma Powers
Differential Expression Analyses for RNA-Sequencing and Microarray
Studies. Nucleic Acids Res (2015) 43(7):e47. doi: 10.1093/nar/gkv007

24. Ghasemi A, Zahediasl S. Normality Tests for Statistical Analysis: A Guide for
Non-Statisticians. Int J Endocrinol Metab (2012) 10(2):486–9. doi: 10.5812/
ijem.3505

25. Stein AP, Saha S, Kraninger JL, Swick AD, YuM, Lambert PF, et al. Prevalence
of Human Papillomavirus in Oropharyngeal Cancer: A Systematic Review.
Cancer J (2015) 21(3):138–46. doi: 10.1097/PPO.0000000000000115

26. Isayeva T, Li Y, Maswahu D, Brandwein-Gensler M. Human Papillomavirus
in Non-Oropharyngeal Head and Neck Cancers: A Systematic Literature
Review. Head Neck Pathol (2012) 6 Suppl 1:S104–20. doi: 10.1007/s12105-
012-0368-1

27. Michaud DS, Langevin SM, Eliot M, Nelson HH, Pawlita M, McClean MD,
et al. High-Risk HPV Types and Head and Neck Cancer. Int J Cancer (2014)
135(7):1653–61. doi: 10.1002/ijc.28811

28. Cancer Genome Atlas N. Comprehensive Genomic Characterization of Head
and Neck Squamous Cell Carcinomas. Nature (2015) 517(7536):576–82.
doi: 10.1038/nature14129

29. Nichols AC, Palma DA, Chow W, Tan S, Rajakumar C, Rizzo G, et al. High
Frequency of Activating PIK3CA Mutations in Human Papillomavirus-
Positive Oropharyngeal Cancer. JAMA Otolaryngol Head Neck Surg (2013)
139(6):617–22. doi: 10.1001/jamaoto.2013.3210

30. Agrawal N, Frederick MJ, Pickering CR, Bettegowda C, Chang K, Li RJ, et al.
Exome Sequencing of Head and Neck Squamous Cell Carcinoma Reveals
Inactivating Mutations in NOTCH1. Science (2011) 333(6046):1154–7.
doi: 10.1126/science.1206923

31. Rubin Grandis J, Melhem MF, Gooding WE, Day R, Holst VA, Wagener MM,
et al. Levels of TGF-Alpha and EGFR Protein in Head and Neck Squamous
Cell Carcinoma and Patient Survival. J Natl Cancer Inst (1998) 90(11):824–32.
doi: 10.1093/jnci/90.11.824

32. Zhu X, Zhang F, Zhang W, He J, Zhao Y, Chen X. Prognostic Role of
Epidermal Growth Factor Receptor in Head and Neck Cancer: A Meta-
Analysis. J Surg Oncol (2013) 108(6):387–97. doi: 10.1002/jso.23406

33. Mandal R, Senbabaoglu Y, Desrichard A, Havel JJ, Dalin MG, Riaz N, et al.
The Head and Neck Cancer Immune Landscape and its Immunotherapeutic
Implications. JCI Insight (2016) 1(17):e89829. doi: 10.1172/jci.insight.89829

34. Whiteside TL. Immunobiology of Head and Neck Cancer. Cancer Metastasis
Rev (2005) 24(1):95–105. doi: 10.1007/s10555-005-5050-6

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

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

Copyright © 2021 Long, Huang, Meng, Peng, Yao, Du, Wang, Zhu, Shi, Xu, Qi, Deng,
Chen, Li and Yang. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
October 2021 | Volume 12 | Article 754818

https://doi.org/10.1016/S0140-6736(19)32591-7
https://doi.org/10.1016/S0140-6736(19)32591-7
https://doi.org/10.1016/S1470-2045(16)30066-3
https://doi.org/10.1152/physrev.00045.2017
https://doi.org/10.1007/978-981-32-9717-3_3
https://doi.org/10.1016/j.immuni.2016.04.019
https://doi.org/10.1016/j.oraloncology.2015.11.009
https://doi.org/10.1158/0008-5472.CAN-11-2460
https://doi.org/10.1016/s0898-6568(02)00025-6
https://doi.org/10.1038/onc.2016.112
https://doi.org/10.1038/sj.onc.1209945
https://doi.org/10.12659/msmbr.903910
https://doi.org/10.12659/msmbr.903910
https://doi.org/10.1093/nar/gkv1507
https://doi.org/10.1093/bioinformatics/btq170
https://doi.org/10.1186/1471-2105-14-7
https://doi.org/10.1186/1471-2105-14-7
https://doi.org/10.1016/j.omtn.2021.03.023
https://doi.org/10.1016/j.celrep.2016.12.019
https://doi.org/10.1093/nar/gky1131
https://doi.org/10.1093/nar/gky1131
https://doi.org/10.1089/omi.2011.0118
https://doi.org/10.1093/nar/gkv007
https://doi.org/10.5812/ijem.3505
https://doi.org/10.5812/ijem.3505
https://doi.org/10.1097/PPO.0000000000000115
https://doi.org/10.1007/s12105-012-0368-1
https://doi.org/10.1007/s12105-012-0368-1
https://doi.org/10.1002/ijc.28811
https://doi.org/10.1038/nature14129
https://doi.org/10.1001/jamaoto.2013.3210
https://doi.org/10.1126/science.1206923
https://doi.org/10.1093/jnci/90.11.824
https://doi.org/10.1002/jso.23406
https://doi.org/10.1172/jci.insight.89829
https://doi.org/10.1007/s10555-005-5050-6
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	TNF Patterns and Tumor Microenvironment Characterization in Head and Neck Squamous Cell Carcinoma
	Introduction
	Materials and Methods
	Data and Resources
	Unsupervised Clustering for TNF Family Genes
	Gene Set Variation Analysis (GSVA) and Single-Sample GSEA (ssGSEA)
	The Protein-Protein Interactions (PPI) Analysis
	Functional and Pathway Enrichment Analysis
	DEGs Among TNF Patterns
	Generation of the Risk Score
	Statistical Analysis

	Results
	Multi-Omics Landscape of TNF Family in HNSCC
	The Immune Correlation and Prognostic Value of TNF Family in HNSCC
	TNF Patterns in the TCGA HNSCC Cohort
	Differential Immune Characteristics of TNF Pattern A and B
	The Clinical and Transcriptomic Characteristics of TNF-Related Gene Clusters
	The Construction of Risk Score and Its Clinical Significance

	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 false
  /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 false
  /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 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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


