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Abstract Background/purpose: Head and neck squamous cell carcinoma (HNSCC) is one of
the most common malignant tumors. The aim of this study was to elucidate the effect of tumor
microenvironment-related genes on the prognosis of HNSCC and to obtain tumor
microenvironment-related genes that can predict poor prognosis in HNSCC patients.
Materials and methods: The ESTIMATE algorithm was applied to the HNSCC transcriptomic data
downloaded from the TCGA (The cancer genome atlas), and then the samples were divided
into two groups: high and low immune scoring groups, and high and low basal scoring groups
to screen for differentially expressed genes (DEGs) associated with poor patient outcomes.
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment anal-
ysis was performed to explore the potential functions of DEGs, and then to explore the poten-
tial prognostic value of individual DEGs. The results of survival analysis between DEGs and
overall survival (OS) to explore tumor microenvironment-related genes relevant to the prog-
nosis of HNSCC patients.
Results: Fifty-nine tumor microenvironment-related genes were screened for association of OS
with HNSCC (P< 0.05). The GO and KEGG enrichment analysis showed that the selected DEGs
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may mediate immune response, extracellular matrix, and immunoglobulin binding via neutro-
phil activation in HNSCC. Six of these DEGs, GIMAP6, SELL, TIFAB, KCNA3, P2RY8 and CCR4 were
most significantly associated with OS (P< 0.001).
Conclusion: We identified six tumor microenvironment-related genes that were significantly
associated with poor prognosis in HNSCC. These genes may inspire researchers to discover
new targets and approaches for HNSCC treatment.
ª 2020 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

The incidence of malignant tumors of the head and neck
ranks sixth in the world, among which laryngeal cancer,
tongue cancer, hypopharyngeal cancer and nasopharyngeal
cancer are the most common, and squamous cell carcinoma
accounts for 90%e95% of the pathological types, which is
called Head and neck squamous cell carcinoma (HNSCC).1

Despite recent advances in the surgical and comprehen-
sive treatment of HNSCC, malignant pathological features
such as early lymph node metastasis and aggressive growth
are still important factors in its high rate of postoperative
recurrence and metastasis, low survival rate, and poor
long-term outcome.2

The use of targeted drugs and immunotherapy is bringing
new hope to patients. Tumor microenvironment (TME), that
is the cellular environment in which the tumor is located, is
heterogeneous. TME is composed of immune cells, endo-
thelial cells, fibroblasts and myeloid cells, as well as in-
flammatory mediators and extracellular matrix molecules,3

which is a key factor in tumor progression and high patient
mortality.4 In TME, immune cells and stromal cells are two
major non-neoplastic components that are valuable for
tumor diagnosis and prognosis assessment, and tumor
microenvironment prognosis-related genes may also be the
next new therapeutic target.

Yoshihara et al.5 designed an algorithm called ESTIMATE
to explore the potential relationship between the degree of
infiltration of immune and stromal cells and tumor prog-
nosis. Subsequent studies soon applied the ESTIMATE algo-
rithm to acute leukemia,6,7 glioblastoma,8 renal clear cell
carcinoma,9,10 colon cancer,11 and breast cancer12 and
showed the effectiveness of this big data-based algorithm.
Therefore, this study was based on the ESTATE algorithm to
explore the potential relationship between the infiltration
of immune cells and stromal cells and the prognosis of
HNSCC, and to obtain tumor microenvironment-related
genes that can predict poor prognosis in HNSCC patients.
Materials and methods

Data resource

Downloaded from the TCGA data portal (https://portal.
gdc.cancer.gov/, accessed August 30, 2019) publicly
available HNSCC datasets, including tertiary data on gene
expression profiles and survival information. The
downloaded RNA expression data were scored by the
ESTIMATE algorithm for basal and immune scoring, and
cases of lung adenocarcinoma were classified into high
and low groups based on the median score. All data
involved in this study were downloaded from TCGA, and
data collection and application were performed in
accordance with TCGA publication guidelines and data
access policy without additional approval from the local
ethics committee.

Identification of differentially expressed genes
(DEGs)

Data analysis was performed using the “limma” package
(version 3.8) on R (version 3.6.0). The Wilcoxon rank sum
test was used for statistical tests, and the following criteria
were used for differentially expressed gene screening: FDR
<0.05, jlog2FC j > 1.

Heatmaps and clustering analysis

The heat map plot and sample clustering was generated
using R “heatmap” package.

Enrichment analysis of DEGs

Functional enrichment analysis of DEGs was performed by R
package clusterprofiler13 to identify gene ontology (GO)
categories by their biological processes (BP), molecular
functions (MF), or cellular components (CC). The cluster-
profiler was also used to perform pathway enrichment
analysis with reference from KEGG (Kyoto Encyclopedia of
Genes and Genomes) pathways. FDR< 0.05 was used as the
cut-off.

Overall survival curve

The survival R package was used to analyze the relationship
between DEGs expression levels and the overall survival of
HNSCC patients.

Results

We downloaded gene expression profiles and clinical in-
formation of all 546 HNSCC patients from the TCGA data-
base. Among them, 63 (11.54%) patients were diagnosed
with Grade 1, 310 (56.78%) patients were Grade 2, 125
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(22.89%) patients were Grade 3, 7 (1.28%) patients were
Grade 4, and 41 (7.51%) patients were of unknown grade.
Based on ESTIMATE algorithm, immune scores were
distributed between �1057.57 and 2785.18, and stromal
scores ranged from �1941.57 to 1947.28, respectively
(Fig. 1A, B).

To find out the potential correlation of overall survival
with immune scores and/or stromal scores, we divided the
500 HNSCC cases (only 500 of 502 cancer tissues samples
have their grade clinical information) into top and bottom
halves (high vs. low score groups) based on their scores.
KaplaneMeier survival curves (Fig. 2A) showed that median
overall survival of cases with the low score group of immune
scores are shorter than the cases in the high score group
(pZ 0.107 in log-rank test). Consistently, cases with lower
stromal scores also showed shorter median overall survival
compared to patients with higher stromal scores (Fig. 2B,
pZ 0.814 in log-rank test), although it was not statistically
significant.

Comparison of gene expression profile with
immune scores and stromal scores in HNSCC

To reveal the correlation of global gene expression profiles
with immune scores and/or stromal scores, we compared
Affymetrix microarray data of these 500 HNCSS cases ob-
tained in TCGA database. Heatmaps in Fig. 3A, B showed
distinct gene expression profiles of cases belong to high vs.
low immune scores/stromal scores groups. For comparison
based on immune scores, 777 genes were upregulated and
161 genes downregulated in the high score than the low
score group (fold change> 1.5, p< 0.05). Similarly, for the
high and low groups based on stromal scores, 986 genes
were upregulated and 63 genes were downregulated in the
high score group (fold change> 1.5, p< 0.05). Moreover,
Venn diagrams (Fig. 3C, D) showed that 260 genes were
commonly upregulated in the high scores groups, and 15
genes were commonly downregulated. It is worth
mentioning that the DEGs extracted from the comparison of
high vs. low immune scores groups covered the majority of
genes extracted from the comparison based on stromal
scores. Thus, we decided to focus on these DEGs for all
subsequent analysis in this manuscript. To outline the po-
tential function of the DEGs, we performed functional
Figure 1 Immune scores and stromal scores are associated with
mune scores of HNSCC grades. Boxplot shows that there is significa
scores (p< 0.05). B) Distribution of stromal scores of HNSCC grade
tween HNSCC grades and the level of stromal scores (p< 0.05).
enrichment analysis of the 260 upregulated genes and 15
downregulated genes in high-immune scores group.

Enrichment analysis of DEGs

We found 260 genes were commonly upregulated in the
high scores groups, and 15 genes were commonly down-
regulated (Supplementary Table 1). In order to reveal the
potential functions of differentially expressed genes, a
functional enrichment analysis was performed on genes
that were generally up- and down-regulated in immune and
matrix scores. Functional enrichment clustering of these
genes showed strong association with immune response as
well. Top GO terms identified neutrophil activation
involved in and mediated immune response, extracellular
matrix, and immunoglobulin binding (Fig. 4A). In addition,
all the pathways that were yielded from the KEGG identi-
fied Cytokineecytokine receptor interaction, Complement
and coagulation cascades and B cell receptor signal
pathway (Fig. 4B).

Correlation of expression of individual DEGs in
overall survival

To explore the potential roles of individual DEGs in overall
survival, we generated KaplaneMeier survival curves from
TCGA database. Among the 275 DEGs in the high-immune
scores group, a total of 59 DEGs (Supplementary Table 2)
were shown to significantly predict poor overall survival in
log-rank test (p< 0.05, selected 6 genes which most sig-
nificant relate to OS (p< 0.001) are shown in Fig. 5).

Discussion

Data mining of TCGA databases has been widely used to
predict cancer prognosis, and recent studies have shown
that the tumor microenvironment plays a critical role in
tumor growth and progression. The immune cells and
stromal cells infiltrated in TME are composed of many
different cell types. On the one hand, fibroblasts, as the
most abundant stromal cells, form a physical barrier to
avoid immune recognition and elimination of tumor cells;
on the other hand, they promote tumor proliferation and
HNSCC grades and their overall survival. A) Distribution of im-
nt association between HNSCC grades and the level of immune
s. Box-plot shows that there is not significant association be-



Figure 2 Immune scores and stromal scores are associated with HNSCC overall survival. A) HNSCC cases were divided into two
groups based on their immune scores: the top half of cases with higher immune scores and the bottom half of cases with lower
immune scores. As shown in the KaplaneMeier survival curve, median survival of the low score group is shorter than high score
group, as indicated by the log-rank test, p value is 0.107. B) HNSCC cases were divided into two groups based on their stromal
scores: the top half of 209 cases and the bottom half of 208 cases. The median survival of the low score group is shorter than the
high score group, however, it is not statistically different as indicated by the log-rank test p value is 0.814.

Figure 3 Comparison of gene expression profile with immune scores and stromal scores in HNSCC. Heatmaps were drawn based
on the average linkage method and Pearson distance measurement method. Genes with higher expression are shown in red, lower
expression are shown in blue, genes with same expression level are in white. A) Heatmap of the DEGs of immune scores of top half
(high score) vs. bottom half (low score). p< 0.05, fold change >1.5). B) Heatmap of the DEGs of stromal scores of top half (high
score) vs. bottom half (low score). p< 0.05, fold change >1.5). Venn diagrams showing the number of commonly upregulated C) or
downregulated D) DEGs in stromal and immune score groups.
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Figure 4 A: Top 10 BP, CC, MF terms and B: top 25 KEGG pathways enrichment analysis was performed by R package cluster-
profiler (p. adjusted <0.05).

Figure 5 DEGs extracted from TCGA database with overall survival. KaplaneMeier survival curves were generated for selected
DEGs extracted from the comparison of groups of high (red line) and low (blue line) gene expression. p< 0.001 in Log-rank test.
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metastasis by modulating the extracellular matrix and
secreting relevant cytokines or growth factors.14,15

In this work, we attempted to identify tumor microen-
vironment related genes contributing to HNSCC overall
survival in the TCGA database. In particular, by comparing
global gene expression in a large number of cases with high
vs. low immune scores, we extracted 59 genes involved in
extracellular matrix and immune response. By analyzing
275 differentially expressed genes yielded from comparison
of high vs. low immune scores (or stromal scores) groups,
we found that many of them were involved in tumor
microenvironment, as shown by GO term analysis (Fig. 2).
This is in accordance with previous reports that the func-
tions of immune cells and ECM molecules are closely
interrelated in building tumor microenvironment in
HNSCC.16e19 Finally, we analyzed overall survival analysis of
these 275 genes and found that 59 genes were associated
with poor outcomes in HNSCC patients. There are 6 genes,
GIMAP6, SELL, TIFAB, KCNA3, P2RY8 and CCR4 which most
significant relate to OS of HNSCC. This demonstrates the
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prognostic value of our big data analysis of lung adeno-
carcinoma microenvironment-associated genes in the TCGA
database of HNSCC based on the ESTIMATE algorithm.

We are particularly interested in CCR4, GIMAP6 and
SELL. CCR4 has been proven that it may have an important
role in HNSCC progression, regional lymph node metastasis
and recurrence. Significant progress has been made on the
correlation of overall survival with gene expression in
HNSCCs.20e22 Many of these experiments were done in
tumor cell lines, animal models, or patients’ tumor sam-
ples. GIMAP6 has also been reported to have a potential
role in tumor evolution mechanisms related to inflamma-
tion and microenvironment.23 SELL also has been identified
overexpressed in HNSCC that may modulate metastasis and
affect survival.24 However, the complexity of HNSCC and
HNSCC microenvironment demands more comprehensive
analysis consisting of larger cohorts. The interaction be-
tween HNSCC and its tumor microenvironment critically
affects tumor evolution, which subsequently impacts tumor
subtype classification, recurrence, drug resistance, and the
overall prognosis of patients.

In summary, these 6 TME-associated DEGs were signifi-
cantly associated with poor prognosis of HNSCC using
HNSCC transcriptome data in this paper. Further study of
these TME-associated genes may provide new insights into
the potential relationship between TME and HNSCC prog-
nosis, and these genes may also inspire researchers to
discover new therapeutic targets and approaches for
HNSCC.
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