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Abstract
Background Head and neck squamous cell carcinoma (HNSCC) is one of the most common malignant
tumors. Many previous reports have already shown that the extent of in�ltrating immune and stromal
cells in tumor tissues and the tumor microenvironment (TME) cells play a signi�cant role in the overall
prognosis. Methods The convenient access to The Cancer Genome Atlas (TCGA) database facilitates
global gene expression pro�ling and database mining in a large‐scale for potential correlation between
genes and overall survival of a variety of malignancies including HNSCC. The quanti�cation of the
immune and stromal components in tumor tissues could be facilitated by calculating mmune scores and
stromal scores on the basis of Estimation of stromal and Immune cells in Malignant Tumor tissues using
Expression data (ESTIMATE) algorithm could facilitate the quanti�cation of the immune and stromal
components in tumor tissues. The effects of genes involved in immune and stromal cells on prognosis
were categorized. Prognosis associated genes of HNSCC patients were further identi�ed. Result This
study showed that GIMAP6, SELL, TIFAB, KCNA3, P2RY8 and CCR4 may mediate immune response,
extracellular matrix, and immunoglobulin binding via neutrophil activation in HNSCC. Conclusion
Depicting a comprehensive landscape of the TME characteristics of HNSCC may therefore help to
interpret the responses of HNSCC to immunotherapies and provide new strategies for the treatment of
cancers.

Background
Head and neck squamous cell carcinoma (HNSCC) is one of the most common malignant tumors(1). In
recent years, surgical radiotherapy and chemotherapy for HNSCC have effectively improved the
prognosis, but the global 5-year survival rate is still lower than 50%(2). Many studies have shown that the
system dysfunction plays an important role in tumor occurrence and progression. Some studies have
revealed the signi�cance of tumor-related structures as well as upregulated signaling pathways in both
cancer cells and the tumor microenvironment(TME)(3, 4). Tumor cell intrinsic genes especially master
transcription factors dictate the initiation, progression, and evolution of HNSCC(5-7). Tumor
microenvironment is the cellular milieu that facilitates cancer cells growth and maturation. Immune and
stromal cells are two major types of non-tumor components. Studies have found that such non-tumor
components are important for diagnostic and prognostic assessment of tumors.

 

To predict tumor purity, algorithms(8, 9) have been developed using gene expression data from The
Cancer Genome Atlas (TCGA) database. Yoshihara et al.(8) designed an algorithm called Estimation of
stromal and Immune cells in malignant Tumor tissues using Expression data (ESTIMATE). After
analyzing speci�c gene expression signature of immune and stromal cells, immune and stromal scores
were calculated to predict the in�ltration of non-tumor cells. Subsequent reports have applied the
ESTIMATE algorithm on prostate cancer(10), breast cancer(11), and colon cancer(12). Based on the
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effectiveness of algorithms, this paper further investigated the development and progression of 546
HNSCC cases.

Methods
HNSCC datasets

We used level 3 mRNA expression data and clinical data on 546 HNSCC patient samples, including 44
normal samples and 502 cancer tissues samples. Survival data were available from TCGA data portal
(http://cancergenome.nih.gov/), and data format is FPKM. Immune scores and stromal scores were
calculated by applying the ESTIMATE algorithm to the downloaded database. Data were analyzed with
the R (version 3.5.1) and R Bioconductor packages.

 

Identi�cation of differentially expressed genes (DEGs)

Package limma(13) was used to analyze the data.. Fold change > 2 and False discovery rate (FDR) < 0.05
were set as the cutoffs to screen for differentially expressed genes (DEGs).

 

Heatmaps and clustering analysis

Using R package pheatmap, heatmaps and clustering were generated.

 

Enrichment analysis of DEGs

Functional enrichment analysis of DEGs was performed by R package clusterpro�ler(14) to identify gene
ontology(GO) categories by their biological processes (BP), molecular functions (MF), or cellular
components (CC). The clusterpro�ler 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

To illustrate the relationship between patients’ overall survival and gene expression levels of DEGs,
Kaplan-Meier plots were generated and relationship was tested by log-rank test.

Results
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We downloaded gene expression pro�les and clinical information of all 546 HNSCC patients from the
TCGA database. Among them, 63(11.54%) patients were diagnosed with Grade 1, 310(56.78%) patients
were Grade 2, 125(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, stromal scores ranged from -1941.57 to
1947.28, and immune scores were distributed between -1057.57 to 2785.18, respectively (Figure 1a, b).

To �nd 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. Kaplan-Meier
survival curves (Figure 1c) 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 (p = 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 (Figure 1d, p= 0.814 in log-rank test), although it was not statistically
signi�cant.

 

Comparison of gene expression pro�le with immune scores and stromal scores in HNSCC

To reveal the correlation of global gene expression pro�les with immune scores and/or stromal scores,
we compared Affymetrix microarray data of these 500 HNCSS cases obtained in TCGA database.
Heatmaps in Figure 2 showed distinct gene expression pro�les 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
(Figure 2c, 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 potential function of the DEGs, we performed functional
enrichment analysis of the 260 upregulated genes and 15 downregulated genes in high-immune scores
group. Functional enrichment clustering of these genes showed strong association with immune
response as well. Top GO terms identi�ed neutrophil activation involved in and mediated immune
response, extracellular matrix, and immunoglobulin binding (Figure 2e). In addition, all the pathways that
were yielded from the KEGG identi�ed Cytokine-cytokine receptor interaction, Complement and
coagulation cascades and B cell receptor signaling pathway (Figure 2f)

 

Correlation of expression of individual DEGs in overall survival
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To explore the potential roles of individual DEGs in overall survival, we generated Kaplan-Meier survival
curves from TCGA database. Among the 275 DEGs in the high-immune scores group, a total of 59 DEGs
were shown to signi�cantly predict poor overall survival in log-rank test (p < 0.001, selected 6 genes are
shown in Figure 3).

 

Discussion
In this work, we attempted to identify tumor microenvironment 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 (Figure 2). This is in accordance with previous reports
that the functions of immune cells and ECM molecules are closely interrelated in building tumor
microenvironment in HNSCC(15-18). Finally, we analyzed overall survival analysis of these 275 genes
and found that 59 genes were associated with poor outcomes in HNSCC patients. 

We are particularly interested in CCR4 and GIMAP6. CCR4 has been proven that it may have an important
role in HNSCC progression, regional lymph node metastasis and recurrence. Signi�cant progress has
been made on the correlation of overall survival with gene expression in HNSCCs(19-21). Many of these
experiments were done in tumor cell lines, animal models, or patients’ tumor samples. GIMAP6 has also
been reported to have a potential role in tumor evolution mechanisms related to in�ammation and
microenvironment(22).  However, the complexity of HNSCC and HNSCC microenvironment demands
more comprehensive analysis consisting of larger cohorts. The interaction between HNSCC and its tumor
microenvironment critically affects tumor evolution, which subsequently impacts tumor subtype
classi�cation, recurrence, drug resistance, and the overall prognosis of patients.

In the current work, we focused on genes characteristics of microenvironment, which in turn affect the
development of HNSCC and hence contribute to patients’ overall survival. Thus, our results may provide
additional data in decoding the complex interaction of tumor and tumor environment in HNSCC.

In summary, we extracted a list of tumor microenvironment related genes, through the detailed analysis of
TCGA applied by ESTIMATE algorithm based on immune scores. These genes were validated in an
independent HNSCC cohort could be useful for determining the prognosis of HNSCC patients. Some of
the previously ignored genes can be potential additional biomarkers for HNSCC. In addition to this, testing
whether these new combined set of genes,  provide a strong predictor of survival than individual genes
would be extremely interesting. Lastly, further investigation of these genes could lead to new insights into
the potential association of tumor microenvironment with HNSCC prognosis in a comprehensive manner.
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Abbreviations
HNSCC: Head and neck squamous cell carcinoma; TCGA: The Cancer Genome Atlas; ESTIMATE:
Estimation of stromal and Immune cells in Malignant Tumor tissues using Expression; TME: tumor
microenvironment; GO: Gene ontology; KEGG: Kyoto encyclopedia of genes and genomes; FDR: False
discovery rate; DEG: Differentially expressed gene; BP: biological processes; CC: cellular components; MF:
molecular functions; FPKM: Fragments per kilobase million.
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Figure 1

Immune scores and stromal scores are associated with HNSCC grades and their overall survival. (a)
Distribution of immune scores of HNSCC grades. Boxplot shows that there is signi�cant association
between HNSCC grades and the level of immune scores (p < 0.05). (b) Distribution of stromal scores of
HNSCC grades. Box‐plot shows that there is not signi�cant association between HNSCC grades and the
level of stromal scores (p < 0.05). (c) 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 Kaplan‐Meier 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. (d) 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 = 0.814
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Figure 2

Comparison of gene expression pro�le 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). (c, d) Venn diagrams showing the number



Page 11/11

of commonly upregulated (c) or downregulated (d) DEGs in stromal and immune score groups. (e, f) Top
10 BP, CC, MF terms and top 25 KEGG pathways. enrichment analysis was performed by R package
clusterpro�ler (p. adjusted < 0.05).

Figure 3

DEGs extracted from TCGA database with overall survival. Kaplan‐Meier 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.


