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Long noncoding RNAs (IncRNAs) have multiple functions with regard to the cancer
immunity response and the tumor microenvironment. The prognosis of head and neck
squamous cell carcinoma (HNSCC) is still poor currently, and it may be effective to predict
the clinical outcome and immunotherapeutic response of HNSCC by immunogenic
analysis. Therefore, by using univariate COX analysis and Lasso Cox regression, we
identified a signature consisting of 21 immune-related INcCRNA pairs (IRLPs) that predicted
clinical outcome and Immunotherapeutic response in HNSCC. Specifically, it was
associated with immune cell infiltration (i.e., T cells CD4 memory resting, CD8 T cells,
macrophages MO0, M2, and NK cells), and more importantly this signature was strongly
related with immune checkpoint inhibitors (ICls) [such as PDCD1 (r = -0.35, P < 0.001),
CTLA4 (r = -0.26, P < 0.001), LAG3 (r = -0.22, P < 0.001) and HAVCR2 (r = -0.2, P <
0.001)] and immunotherapy-related biomarkers (MMR and HLA). The present study
highlighted the value of the 21 IRLPs signature as a predictor of prognosis and
immunotherapeutic response in HNSCC.

Keywords: immune-related IncRNA pairs (IRLPs), head and neck squamous cell carcinoma (HNSCC), immune
checkpoint inhibitors (ICls), prognosis, immunotherapies

Abbreviations: HNSCC, Head and neck squamous cell carcinoma; OS, Overall survival; IRLPs, Immune related IncRNA pairs;
TCGA, The Cancer Genome Atlas; LASSO, Least absolute shrinkage and selection operator; ICIs, Immune checkpoint
inhibitors; FPKM, Fragments per Kilobase Million; DEIncRNAs, Differentially expressed IncRNAs; CIBERSOFT, Celltype
Identification by Estimating Relative Subsets of RNA Transcripts; GSEA, Gene set enrichment analysis; MMR, Mismatch
repair; TMB, Tumor mutation burden; ROC, Receiver operating character; AUC, Area under curve; LncRNAs, Long non-
coding RNAs; FDR, False discovery rate; MCP-counter, microenvironment cell population count.
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INTRODUCTION

HNSCC is the sixth most common malignant tumor. About
600,000 people worldwide suffer from this disease, and about
300,000 patients die from the disease every year (1). Long-term
repeated inflammation is considered to be one of the main causes
of the disease, including smoking, drinking, repeated trauma,
and human papillomavirus infection (2). HNSCC is
characterized by local invasion, regional lymph nodes, and
poor prognosis (3). Particularly, patients with advanced
HNSCC may require multiple modes of combined treatment,
but the quality of the prognosis is not optimistic. Therefore, early
detection and in-depth understanding of the characteristics of
cancer cells, and accurate diagnosis are the keys to successful
treatment. There is an urgent need to study new and sensitive
HNSCC tumor prognostic markers to reduce the number of
HNSCC patients who are not diagnosed before the onset of the
invasive disease.

Cancer immunotherapy aims to enhance the activity of the
immune system against cancer and has been the main driving
force for personalized treatment (4, 5). In recent decades,
immunotherapy has developed rapidly and has become a
treatment method for many cancers (6). Several immunotherapies,
including immune checkpoint inhibitors, have been developed. In
some studies, the expression of PD-L1 in HNSCC is usually higher,
with a positive rate of 46% to 100% (7). The reversal of immune
rejection mediated by tadalafil and antitumor vaccines also resulted
in the up-regulation of PD-L1 in recurrent HNSCC, indicating that
immune checkpoint therapy may be equally effective in patients with
recurrent HNSCC (8). Relevant research on HNSCC patients is also
in full swing, which is expected to improve the survival of HNSCC
patients (9, 10). Although these findings support the importance of
HNSCC immunology, its molecular mechanism is still unclear,
especially for immune-related gnomic effects.

LncRNA is a type of noncoding RNA with 200 nucleotides
that does not code for protein (11). IncRNAs are ubiquitous in
the genome. They regulate 70% of human gene expression and
cannot function in a universal way because they can interact with
DNA, RNA, and proteins and exhibit either enhancement or
inhibition. Its expression disorder is closely related to the
occurrence and development of HNSCC (12, 13). Recent
evidence shows that IncRNAs change not only the genome or
transcriptome topology but also the immune microenvironment,
which contributes to the main phenotype of cancer (14).
LncRNA is involved in directing the expression of genes
related to immune cell activation, which leads to the tumor’s
immune cell infiltration (15). With the development of high-
throughput gene sequencing technology and the establishment of
large-scale gene expression data sets, cancer researchers are able
to accurately identify tumor-related prognostic biomarkers (16).
However, there was a batch effect on the detected gene
expression levels due to the different platforms and time of
testing for gene expression, which may lead to the inaccuracy
of the analysis results and bring some difficulties to the
comprehensive utilization of data (17). Recently, researchers
have provided a new way to solve this difficulty, which can

overcome the batch effect of different platforms. The way is to
normalize and scale the expression matrix based on the relative
ranking of gene expression levels (18, 19). Specifically, we used
these immune-related IncRNA expression levels in each sample
to compare pairwise and construct IRLPs. In a specific sample, if
the expression value of the first irlncRNA is greater than the
second irIncRNA, the score of this IRLP in the sample is 1;
otherwise, it is 0. The score of each IRLP in all samples was
calculated, and IRLPs with low variation were removed (IRLP
with a score of 1 or 0 in more than 80% of the sample in any data
set) (20). Finally, IRLPs with higher variability were identified for
further analysis. This method has produced reliable results in
multiple studies. Li et al. validated individualized prognostic
markers for pancreatic cancer by integrating IRGPs, presenting a
conceivable method for deciding on a preoperative treatment
(21). Li et al. constructed IRLPs to predict overall survival in
patients with osteosarcoma and to provide potential guidance for
patients who might benefit from immunotherapy (22). These
studies about IRGPs have important clinical significance for the
personalized treatment and prognosis of cancer patients. This
method has produced reliable results in multiple studies. Li et al.
validated individualized prognostic markers for pancreatic
cancer by integrating IRGPs, presenting a conceivable method
for deciding on a preoperative treatment (21). Li et al.
constructed IRLPs to predict overall survival in patients with
osteosarcoma and to provide potential guidance for patients who
might benefit from immunotherapy (22). These studies about
IRGPs have important clinical significance for the personalized
treatment and prognosis of cancer patients.

However, there have been no studies on the clinical relevance
and prognostic significance of IRLPs in HNSCC.

In conclusion, in terms of the accuracy of cancer prediction
models, the combination of two biomarkers is better than simple
genes (19). We integrated the sequencing samples of 546 HNSCC
patients based on the TCGA data set. Univariate COX analysis
and Lasso Cox regression are used to determine reliable IRLPs.
These IRLPs signatures can predict the clinical outcome of
HNSCC and establish a prognostic model of risk associated
with immune gene pairs. We found that IRLPs are powerful
prognostic biomarkers and predictors of HNSCC.

MATERIALS AND METHODS

Clinical Sample and Data Collection

Gene expression quantification data (FPKM and counts format) for
HNSCC were downloaded from TCGA (https://portal.gdc.cancer.
gov/). Then 44 normal samples and 502 HNSCC samples were
obtained. The RNA expression matrix was extracted separately by
annotations using the Gencode (GENCODE v 26) GTF file and
normalized. Genes whose expression was “0” in 90% of HNSCC
patients were removed. Clinical data were downloaded from the
UCSC Xena website (https://xena.ucsc.edu/). To analyze the
correlation of IncRNA expression signatures with the prognosis of
HNSCC patients, we filtered out samples without survival
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information. Then, we selected a total of 499 patients. Significant
IncRNA-pathway pairs across 33 cancer types with each IncRNA
having an activity in immune pathways (IncRES) score> 0.995 and a
false discovery rate (FDR) < 0.05 were downloaded from Immlnc
(http://biobigdata.hrbmu.edu.cn/ImmLnc/index.jsp) (23). The list
of immune-related IncRNAs in HNSCC was extracted separately.
Stromal scores and immune scores of HNSCC were calculated by
applying the ESTIMATE algorithm and downloaded from the
website (https://bioinformatics.mdanderson.org/estimate/index.
html) (24).

Analysis of Differentially

Expressed IncRNAs

We obtained DEIncRNAs between normal and tumor tissues,
where P value < 0.05 and log2-fold change (FC) > 1.5 were used
as the cutoffs by using the R package ‘edgeR’ (25). Then, we
filtered DEirlncRNAs by matching the list of immune-related
IncRNA in HNSCC. The R package ‘heatmap’ was used to
display the eight selected irlncRNAs.

Identification of Prognostic-Related IRLPs
in Patients With HNSCC

We then used the IncRNA expression levels of these IncRNAs in
each sample for pairwise comparison to construct irlncRNAs. In
a specific sample, if the expression value of the first irlncRNAs is
greater than that of the second irlncRNAs, the score of this IRLPs
in the sample is 1; otherwise, it is 0. The score of each IRLP in all
samples was calculated, and IRLPs with low variation were
removed (IRLPs with a score of 1 or 0 in less than 20% of the
sample in any data set). Finally, IRLPs with higher variability
were identified for further analysis. Univariate Cox regression
analysis was performed on these IRLPs in the TCGA cohort and
IRLPs with p < 0.0001 were considered prognostic-related IRLPs
and used for subsequent analysis.

Construction and Evaluation of Signatures
Based on IRLPs

Lasso Cox regression analysis was performed on the above-
mentioned prognostic-related IRLPs, and finally an optimal
model composed of 21 IRLPs was determined. Subsequently,
the optimal model based IRLPs signature of each patient was
calculated. In the 3-year overall survival TCGA cohort, time-
dependent ROC curve analysis was used to determine the
optimal cutoff value for IRLPs signature (22, 26). According to
the cutoff value of the IRLPs signature, patients were divided into
high-risk group and low-risk group. The log-rank test was used
to evaluate the overall survival difference between the low-risk
group and the high-risk group, and the KM survival curve was
drawn. ROC curve analysis was used to evaluate the sensitivity
and specificity of IRLPs. An ROC curve, including clinical
characteristics, was drawn, and the AUC was calculated.
Finally, univariate, and multivariate Cox regression analyses

were used to investigate whether the prognostic value of the
IRLPs was affected by other clinical characteristics.

Construction and Evaluation

of Nomograms

We combined the clinical characteristics of the TCGA data set
with the IRLPs signature to construct a nomogram. We used the
C index to evaluate the discriminative power of the nomogram
and drew a calibration chart to evaluate the accuracy of the
nomogram. We then compared the decision curve analysis
between the clinical characteristics model and the combined
model, including gene signature.

Estimation of Immune Infiltration

Estimation of STromal and Immune cells in MAlignant Tumor
tissues using Expression data (ESTIMATE) is a tool for
predicting tumor purity and the presence of infiltrating
stromal/immune cells in tumor tissues using gene expression
data. ESTIMATE algorithm is based on single sample Gene Set
Enrichment Analysis and generates three scores.

First, the immune infiltration assessment was performed
using the “microenvironment cell population count (MCP-
counter)” method (27). Using the normalized FPKM
expression matrix converted by log2 as input, the absolute
abundance scores of 8 immune cells and 2 stromal cells
populations are generated through the “MCP-counter”
package. Research shows that immune cell infiltration assessed
by the MCP-counter algorithm performs well when comparing
between samples (28). Subsequently, CIBERSORT was used to
infer the relative proportion of 22 infiltrating immune cells in
each sample for supplementation.

Analysis of the Immunosuppressive
Molecules Expressing Related to ICls

To study the relationship between the model and the expression
level of genes related to ICIs, we performed ggstatsplot package
and violin plot visualization.

Gene Set Enrichment Analysis

GSEA software (version 4.0.1) was used to perform gene set
enrichment analysis between high-risk and low-risk groups.
Recognized the enriched terms in IMMUNE and KEGG in high-
risk group and low-risk group respectively. P < 0.05 and False
discovery rate (FDR) <0.05 are considered statistically significant.

Statistical Analysis

Except for gene set enrichment analysis, all statistical analyses
involved in this research were conducted using the R software
(version 4.0.3, R Foundation for Statistical Computing, Vienna,
Austria). Unless otherwise stated, p < 0.05 is considered
statistically significant.
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RESULT

Construction and Evaluation of

IRLPs Signature

As shown in Supplementary Figure 1, we first retrieved the
transcriptome analysis data of HNSCC from the TCGA database.
Next, we annotated the data with GTF files, and we applied the
edgR package for difference analysis, based on the normal and
tumor samples in TCGA, A total of 6720 differentially expressed
genes was screened, of which 4063 were upregulated and 2657
were down-regulated (Figure 1A). (|log2FC|>1.5, FDR <0.05).
Further, the lack of clinical information and duplicate samples
were removed, and a total of 499 cases were included in survival-

-10

related analysis. We crossed the IncRNAs (2391) related to
HNSCC immunity obtained by Immlnc with the IncRNAs
highly expressed in HNSCC to obtain 167 immunologically
related differential IncRNAs (Because the expression value of
IncRNAs in tumor samples is very low and cannot provide
valuable reference in subsequent experiments, we chose the
highly expressed IncRNAs for the study.) The differential
expression of 167 IncRNAs was visualized in Figure 1B. Then
paired analysis of these IncRNAs, a total of 7719 valid differential
expression IRLPs were identified. These gene pairs were
subjected to univariate COX analysis (p < 0.0001). Finally,
30 IRLPs related to prognosis were screened out (Figure 1C).
To prevent overfitting, these prognostic IncRNA pairs were

250
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FIGURE 1 | Identification of DEirncRNAs and IRLPs using TCGA datasets. (A) For the volcanic map of 6720 differentially expressed genes, red points represent
log2FC >1.5; blue points represent log2FC<-1.5, FDR < 0.05. (B) Heat maps of 167 immune related differential INcCRNAs in normal and tumor samples. (C) Forest
map showing 30 DEirlncRNA pairs related to prognosis identified by univariate COX analysis.
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subjected to Lasso Cox regression analysis, and 21 IRLPs were
obtained (Figures 2A, B). The 21 IRLPs (Table 1) were selected
to construct the signature. (The list of IncRNA pairs, immune
pathways and coefficients are shown in Table 1). We use the
time-dependent receiver operating characteristic (ROC) curve to
determine the cutoff value for the best IRLPs signature. The
optimal cutoff value for IRLPs signature is -0.433 (Figure 2C).
According to the cutoff value, patients were divided into the
high-risk group and the low-risk group. We find that compared
with patients in the low-risk group, patients’ overall survival rate

in the high-risk group was significantly lower (Figure 2D). With
the increase of the risk score, the patient’s survival time
shortened gradually, and the mortality rate gradually increased
(Figures 2E, F).

Correlation Between IRLPs and

Clinical Characteristics

We construct the ROC curve of the IRLPs signature, TNM stage,
age, sex, and smoking. The area under the curve (AUC) of the
IRLPs signature is 0.721 (Figure 3A), which shows that our
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FIGURE 2 | Risk assessment model for prognosis prediction. (A) Validation was performed for tuning parameter selection through the Lasso regression model for
OS. (B) Elucidation for LASSO coefficient profiles of prognostic IRLPs. (C) Time-dependent ROC curve of the IRLPs signature in the TCGA cohort. The optimal cutoff
value of the IRLPs signature is -0.433; patients are divided into the high-risk group and the low-risk group according to the cutoff value. (D) Patients were sorted by
increasing risk score in the HNSCC set. (E) The Kaplan-Meier survival curve with log-rank test was drawn to demonstrate the relationship between risk model and
OS. Compared with the high-risk group, patients in the low-risk group experienced a longer survival time. (F) The survival time and survival status of patients with
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TABLE 1 | Information of 21 IRLPs.

IRLPs LncRNA Pair1
LINC00567|LINCO1204 LINC00567
AC007879.3|LINCO1281 AC007879.3
LINCO1281|SFTA1P LINCO1281
AC009542.2|LINC01555 AC009542.2
AC007879.3|LINC02195 AC007879.3
LINC00567|LINC00862 LINC00567
LINC00567|LINCO1555 LINC00567
LINCO0460|PRAL LINC00460
CASK-AS1|FOXC2-AST CASK-AS1
LINCO1727|LINC01802 LINCO1727
ATP6V1B1-AS1|OVAAL ATP6V1B1-AS1
AC009542.2|LINC0O1338 AC009542.2
AC007879.4/AC010731.2 AC007879.4
LINCO1293|LINC01343 LINC01293
LINCO2158|SFTA1P LINC02158
LINCO1727|LINC02128 LINCO1727
AC007879.2|LINC00567 AC007879.2
LINCO1281|LINC02100 LINCO1281
CASK-AS1|LINCO1555 CASK-AS1
IGF2BP2AS1|LINC00567 IGF2BP2-AS1
CASK-AS1|GACAT2 CASK-AS1

Immune pathway*

Cytokine Receptors

Antigen Processing and Presentation
Natural Killer Cell Cytotoxicity
Cytokines

Antigen Processing and Presentation
Cytokine Receptors

Cytokine Receptors

Cytokines

Antigen Processing and Presentation
Chemokine Receptors

Cytokines

Cytokines

Cytokines

Cytokines

Antimicrobials

Cytokine Receptors

Cytokines

Cytokine Receptors

Antigen Processing and Presentation
Cytokines

Antigen Processing and Presentation

LncRNA Pair2

LINCO1204
LINCO1281
SFTA1P
LINCO1555
LINC02195
LINCO0862
LINCO1555
PRAL
FOXC2-AST1
LINCO1802
OVAAL
LINC01338
AC010731.2
LINC01343
SFTA1P
LINC02128
LINCO0567
LINC02100
LINCO1555
LINCO0567
GACAT2

Immune pathway* Coefficient
Cytokines -0.16528
Natural Killer Cell Cytotoxicity 0.071247
Natural Killer Cell Cytotoxicity -0.12353
Antigen Processing and Presentation -0.11187
Natural Killer Cell Cytotoxicity 0.099465
Cytokines -0.05372
Antigen Processing and Presentation -0.13669
Cytokine Receptors 0.145737
Cytokines -0.22806
Cytokines -0.13905
Cytokines 0.167943
Cytokines -0.47794
Antigen Processing and Presentation 0.297284
Interleukins Receptor 0.469817
Natural Killer Cell Cytotoxicity -0.18683
Antimicrobials -0.2438
Cytokine Receptors 0.117046
Antimicrobials -0.10826
Antigen Processing and Presentation -0.06256
Cytokine Receptors 0.081704
Cytokines -0.42858

*Immune pathway was annotated by website Imminc (http://biobigdata.hrbmu.edu.cn-/ImmLnc/index.jsp).

signature has excellent predictive power. Then we draw the time-
dependent ROC curve of the IRLPs signature. We find that the
area under the IRLPs signature curve respectively: 1 year: 0.759; 3
years: 0.788; 5 years: 0.777 (Figure 3B). This shows that our

model has a good predictive ability for patients with 5-year
survival, 3-year survival, and 1-year survival. Next, we assessed
the prognostic value of the HNSCC risk score. In the univariate
analysis, we find that the risk score was significantly correlated
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FIGURE 3 | Evaluate the predictive ability of the IRLPs signature. (A) A comparison of ROC curves with other common clinical characteristics showed the superiority
of the IRLPs signature. (B) The 1-, 3-, and 5-year ROC curve of the optimal model suggested that all AUC values were over 0.75. (C) Forest plot of univariate Cox
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shows that risk score (P < 0.001) is an independent influencing factor for prognosis.
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with the overall survival (OS) (HR = 3.233, 95% CI = 2.233 -
4.027, P < 0.001). Multivariate analysis shows that the risk score
is an effective independent prognostic predictor of OS (HR =
3.526, 95% CI = 2.435 - 5.106, P < 0.001) (Figures 3C, D). In
order to further improve the accuracy of the prediction, we
constructed a new nomogram based on the IRLPs signature
(Figure 4A). The nomogram C-index is 0.729. By calculating the
total score, oncologists can easily obtain the probability of OS
predicted by the nomogram of a single patient. We also use the
calibration curve to evaluate the model’s prediction accuracy
(Figure 4B). The results show that the prediction calibration
curve of the three calibration points in 1, 3, and 5 years is close to
the standard curve, which indicates that the model has good
predictive performance. In addition, we also use the DCA
(decision curve) to evaluate the reliability of the model (Figure
4C). It can be seen that the profit of this model is significantly
higher than the limit curve, so it has good reliability.

The Relationship Between IRLPs Signature
and Immune Cell Infiltration

We explore the difference in immune cell infiltration between the
two groups. Based on the ESTIMATE algorithm, we first
calculate the Immune score and ESTIMATE score of each
HNSCC sample. As shown in Figures 5A, B, compared with
the low-risk group, the Immune score (190.71 vs 608.83, p <
0.001) and ESTIMATE score (-213.51 vs 402.27, p < 0.001) of the

high-risk group are lower and negatively correlated with the risk
score (correlation coefficients are -0.22 and -0.29, p < 0.001)
(Figures 5C, D). Next, we used the MCP-counter method to
calculate the abundance of 8 immune cells and 2 stromal cells.
Significant differences were observed between the two groups of
patients. Compared with patients in the high-risk group, the
eight cell populations in the low-risk group are more abundant
(B cell lineage, CD8(+) T cells, cytotoxic lymphocytes, monocyte
lineage cells, myeloid dendritic cells, medium Sex granulocytes,
NK cells, T cells) (Figure 5E).

We further explored the relationship between the immune cell
infiltration and the risk score. The result show that the degree of
immune cell infiltration is negatively correlated with the risk score
(Figure 5F). Subsequently, we used CIBERSORT to further
supplement the relative proportion of 22 immune infiltrating
cells in each sample (Figure 6A). The relative proportions of B
cells naive, mast cells resting, plasma cells, T cells CD4 memory
activated, T cells CD8, T cells follicular helper, and T cells
regulatory (Tregs) in the low-risk group are higher. The relative
proportions of dendritic cells activated, eosinophils, T cells CD4
naive, macrophages MO0, mast cells activated, and NK cells resting
were relatively high in the high-risk group. This indicates that
there are great differences in immune cell infiltration between
high- and low-risk groups. It is worth noting that the radar chart
shows that T cells CD4 memory resting and M0 macrophage
infiltration rate are higher in all patients.
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FIGURE 4 | Establishment and evaluation of nomogram model. (A) Nomogram predicting the probability of TCGA patient’s mortality based on IRLPs and clinical
variables. (B) Calibration curves of the nomogram for 1, 3 and 5 years. (C) Decision curve analysis of the nomograms based on the IRLPs signature.
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The Relationship Between IRLPs Signature
and Immune Checkpoint

Tumor immunotherapy using ICIs has become a promising
treatment for advanced HNSCC (29). To further study the
relationship between IRLPs and immunity, we explored the risk
score and ICls-related biomarkers correlation. The results showed
that in the low-risk group, the expression levels of PDCDI,
CTLA4, LAG3, and HAVCR2 were upregulated (all P < 0.001),
and the risk score was negatively correlated to PDCD1 (r = -0.35,
P <0.001), CTLA4 (r = -0.26, P < 0.001), LAG3 (r = -0.22, P < 0.001)

FIGURE 5 | Correlation of 21 IRLPs features with immune cell infiltration and immune scores. (A) The Wilcoxon rank-sum test was used to compare differences in
immune scores between low- and high-risk groups. (P < 0.001) (B) The Wilcoxon rank-sum test was used to compare differences in ESTIMATE scores between
low- and high-risk groups. (P < 0.001) (C) Spearman’s correlation coefficients were computed to investigate the potential relationship between risk score and
immune scores. (D) Spearman’s correlation coefficients were computed to investigate the potential relationship between risk score and ESTIMATE scores. (E) The
Wilcoxon rank-sum test compared the absolute abundance scores of 8 immune cells and 2 stromal cells populations in two groups of patients. (F) Spearman’s
correlation coefficients were computed to investigate the potential relationship between absolute abundance scores of immune cells and stromal cells and risk score.
The area of fan represents the degree of correlation (Red represents a negative correlation and blue represents a positive correlation). ns, no significance.
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and HAVCR2 (r =-0.2, P < 0.001), indicating that the low-risk group
had benefited more from immunotherapy (Figures 6B, C).

The Relationship Between Risk Score,
MMR Gene and HLA Gene Family

Solid tumors lacking the mismatch repair (MMR) genes are
usually immunogenic and exhibit extensive infiltrating T cells,
making them highly sensitive to ICIs (30). We evaluated the
correlation between IRLPs signals and four key MMR genes
(MSH6, MLH1, PMS2, MSH2). The expression levels of PMS2
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Gene expression

and MSH2 in the high-risk group were upregulated (PMS2 and
MSH2 were p < 0.05 and p < 0.05, respectively), suggesting that
high-risk group did not benefit from immunotherapy as much
(Figure 6D). Furthermore, immune escape is a hallmark of
cancer, and the ability to present new antigens through the loss
of human leukocyte antigen (HLA) may help immune escape
(31). We find that HLA family plays a certain role in the
sensitivity difference of immunotherapy, as shown in Figure
6E, HLA family was downregulated in the high-risk group,
which led to tumor immune evasion, and may be related to
immunotherapy insensitivity.

Gene Set Enrichment Analysis

Gene set enrichment analysis (GSEA) was performed to determine
the gene sets enriched in different IRLPs subgroups. The gene sets
of the IRLPs-low samples were enriched in nucleotide excision
repair and CD4 T cell, TNF, IL6, etc. (Figure 7).

DISCUSSION

HNSCC is a solid malignant tumor with strong immunogenicity,
its incidence increasing rapidly worldwide. Advances in surgical
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significantly enriched Immunologic gene sets by GSEA.

techniques and comprehensive treatment techniques have
improved the local control rate and quality of life of HNSCC
patients. Still, in recent decades, the survival rate has not
increased significantly. In addition, the 5-year survival rate of
patients with this disease is only 40% - 50% (32). Platinum-based
chemotherapy, combined with cetuximab, is the standard
treatment for relapsed or metastatic HNSCC. However, there
are problems such as easy relapse and short median survival after
treatment (33-35). ICIs based on PD-1/PDL-1 monoclonal
antibodies have become a new clinical treatment option for
advanced HNSCC. Both pembrolizumab and nivolumab have
been approved by the FDA for relapsed or metastatic HNSCC
that have failed platinum-based therapy (36). Important studies
based on prognostic signals of immune gene expression have
shown that gene expression scores can predict the risk of
recurrence and the effect of immunotherapy (37, 38).

Given that the results of single antibody drugs are limited, and
there are many connections between the occurrence and
development of HNSCC and the immune microenvironment,
the strategy of multiple immunotherapies may have better

FIGURE 7 | Results of gene set enrichment analysis in the TCGA cohort. (A) The significantly enriched KEGG subset of canonical pathways by GSEA. (B) The

prospects (39). Therefore, it is necessary to use IRLPs to
establish prognostic indicators. Reliable prognostic biomarkers
can identify patients with poor prognosis and inform patients
who may benefit from other systemic treatments. Hence, they
have more direct clinical significance.

In our study, based on the HNSCC immune-related IncRNAs
data set, IRLPs that significantly affect the OS of patients were
constructed. These IRLPs can help identify candidate immune-
related biomarkers or therapeutic targets. Unlike traditional
prognostic models, the pairwise comparison and score calculation
of each IRLPs are based entirely on the IncRNA expression of the
same patient, so our IRLPs signature does not have to be
standardized on the gene expression profile sequencing platform
from different patients. Previous research has proved the
effectiveness of this method (40). Therefore, the prognostic
signature can overcome the batch effect of different platforms and
does not require data scaling and normalization. This approach has
been reported to be robust in other cancer-related studies (20, 41).

First, we retrieved raw data of IncRNAs from TCGA,
performed a differential co-expression analysis to classify the
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differentially expressed irlncRNAs (DEirlncRNAs), and validated
IncRNA-pairs using an improved method of cyclically single
pairing along with a 0-or-1 matrix. Second, we performed
univariate analysis combined with a modified Lasso Cox
regression, including procedures of cross-validation, multi-times
repeat, and included 21 IRLPs with prognostic significance. Third,
we calculated each AUC value of ROC curve to obtain the best
model and determined the best cutoff value of the IRLPs signature
according to the ROC curve differentiate the high or low risk-
group among patients with HNSCC. Fourth, we evaluated this
novel model under various clinical settings, including survival,
clinicopathological characteristics, tumor-infiltrating immune
cells, chemotherapy, and checkpoint related biomarkers. Among
the 21 IRLPs, a total of 28 IncRNAs were included. These
IncRNAs participate in the occurrence and development of
HNSCC. Specifically, CASK-AS1 | GACAT2 may play an
important role in the screening and prognosis of HNSCC. The
experimental results of Tan et al. showed that the preoperative
plasma GACAT2 levels of gastric cancer patients were
significantly higher than that after surgery (P=0.031). Therefore,
they believed that plasma GACAT2 could be used as a tumor
marker for the screening and prognosis prediction of cancer
patients (42). The results of Liu et al. identified 5 IncRNAs
(TSPEAR-AS, CASK-AS1, MIR137HG, Partl, LSAMP-AS1) as
potential prognostic markers and therapeutic targets for laryngeal
cancer, which is consistent with our results (43). In addition, the
LINC00460 promotes tumor progression through sponge miR-
4443 in HNSCC (44). The loss of major histocompatibility
complex I (MHC I) molecules is an important mechanism for
HNSCC cells to evade immune surveillance. However,
LINCO02195 is a crucial regulator of MHC I molecules (45).
Moreover, novel IncRNA SFTA1P promotes tumor growth by
downregulating miR-4766-5p via the PI3K/AKT/mTOR signaling
pathway in hepatocellular carcinoma (46). However, studies have
shown that IL-22 can induce IncRNA HI9 to activate mTOR
signal transduction, thereby preventing liver damage. This shows
that the mTOR signaling pathway has potential and broad
therapeutic prospects (47). Linc01555 promotes proliferation,
migration, and invasion of gastric carcinoma cells by interacting
with the Notch signaling pathway. LncRNA FOXC2-AS1
enhances FOXC2 mRNA stability to promote colorectal cancer
progression via activation of the Ca-FAK signal pathway (48).
These studies support that our risk scoring model can be used as
an indicator to predict the prognosis of HNSCC patients. In
addition, our scoring system has strong predictive power for OS:
the AUC values for predicting 1-year, 3-year, and 5-year overall
survival rates are 0.759, 0.788, and 0.768, respectively.

Survival analysis and univariate/multivariate Cox proportional
hazard analysis proved the prognostic value and that our IRLPs
signature is an independent prognostic factor. It is worth noting
that the TNM staging, smoking, and age prognostic models did
not show good predictive values. Therefore, our risk scoring model
may be more helpful for clinicians to predict the survival of
HNSCC patients.

In our study, correlation analysis showed that 21 IRLPs
signatures were positively correlated with MMR genes MSH2

and PMS2, indicating that these patients had poor responses to
ICIs. Immune escape is an important mechanism for the
occurrence and development of malignant tumors. Losing the
ability to present neoantigens through human leukocyte antigen
(HLA) loss may facilitate immune evasion (31). The HLA
family plays a certain role in the sensitivity difference of
immunotherapy. The results show that the HLA family is
downregulated in the high-risk group, which leads to tumor
immune evasion, which may be related to immunotherapy
insensitivity. Next, we explored the relationship between IRLPs
and known predictive biomarkers for immunotherapy.
According to the signature characteristics of 21 IRLPs, ICIs,
including PDCD1, CTLA4, LAG3, and HAVCR2, were highly
expressed in the low-risk group (P<0.001), whose survival rate
was higher. When exploring the correlation between the 21
IRLPs values and PDCD1, CTLA4, LAG3, and HAVCR2, the
21 IRLPs signatures were significantly negatively correlated with
ICIs expression. There is strong evidence that patients with low-
risk scores may benefit more from immunotherapy. Generally,
PDCD1+ tumors respond better to anti-PD-1 therapy than
PDCD1-tumors (49, 50). However, we found inconsistent
results in HNSCC. That is, when evaluating anti-PD-1 therapy
in the setting of platinum-refractory relapsed or metastatic
HNSCC, CHECKMATE-141 failed to show a significant
correlation between PD-L1 expression and tumor response or
survival (51). The main reason may be the lack of uniformity in
the measurement and the variability used to define the PD-1
positivity threshold. Moreover, we believe that the intensity and
location of PD-1 expression detected by immunohistochemistry
are more valuable than the PD-1 expression value measured by
the transcriptome data. Therefore, further research is needed to
clarify the relationship between PD-1 and IRLPs. In summary, our
findings reveal the important value of HNSCC immunotherapy.
Understanding the overview of the tumor microenvironment
(TME) may help find new ways to treat HNSCC or change TME
to improve the effectiveness of immunotherapy. Macrophages
that reside within the TME are known as tumor-associated
macrophages (TAMs) (52). TAMs and other TME members
make up the tumor ecosystem. In most situations, all members of
the TME consume oxygen and nutrients from the host for their
phenotypic and functional performance (53, 54). Thus,
metabolites are accumulated in the TME and recycled from
cell to cell. In particular, the metabolites, as messengers for cell-
cell contact, which are derived from the TME (tumor cells, T
cells, mast cells, cancer-associated fibroblasts, adipocytes, except
TAMs), are ingested by TAMs to change their phenotype and
function. In turn, TAMs promote tumor progression via
metabolic reprogramming, which is triggered by the
metabolites that are shuttled in the TME (55). Given the
importance of TAMs in tumorigenesis and development, there
has been considerable interest in therapeutic strategies that target
macrophages, which can be roughly divided into depletion or
alteration of TAM protumoral activities (56). Most clinical
studies believe that combination therapy is necessary to
maximize the benefit of cancer patients (57), these strategies
are currently in evaluation either to augment tumor immunity
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during standard chemotherapy or radiation therapy, or in
combination with T cell-directed immunotherapy (58).
Therefore, the assessment of the immune status in the tumor
microenvironment is necessary for a comprehensive
understanding of the real-time status of the tumor.

First, we verified the correlation between the ESTIMATE
score, the immune score, and the risk score. Between the two
different risk groups, significant differences were observed in the
relative fraction of immune cells infiltrating the tumor tissue.
The composition of immune cells between the two subgroups of
IRLPs was further analyzed. We find that dendritic cells
activated, macrophages MO, mast cells activated, and NK cells
resting in the high subgroup of IRLPs are more abundant, while
B cells naive, mast cells resting, plasma cells, T cells CD4 memory
activated, T cells CD8, T cells follicular helper and T cells
regulatory (Tregs) are more common. A large number of
studies have shown that dense infiltration of T cells, especially
T cells CD8, predicts a good prognosis (59-61). In most tumors,
M2 macrophages are the main subtype of macrophages and have
been shown to be involved in tumor growth and development
with chronic inflammation and aggressive phenotypes. These
cells are found in breast, bladder, and ovarian cancer. The
prognosis is poor in gastric cancer and glioma (62-66). Our
research results support these conclusions.

In addition, our results show differences in biological
processes and immune infiltration between the two groups.
The results of GSEA show that many immune-related
pathways are enriched in the low-risk group. From this
perspective, patients in the low-risk group are also more likely
to benefit from immunotherapy.

It should be admitted that our research still has some
limitations. First, conclusions about the efficacy of
immunotherapy have not been confirmed in patients with
HNSCC, and further research is needed to verify our results.
Finally, although the signature we constructed has excellent
performance in predicting immunotherapy and prognosis, it is
still the tip of the iceberg in the current immunotherapy field,
and a lot of research is needed to enrich and improve.

In short, IRLPs is a promising immune-related prognostic
biomarker. IRLPs grouping may help distinguish immune and
molecular characteristics and predict patient prognosis. IRLPs
may be a potential prognostic indicator of immunotherapy. This
may open a new chapter in HNSCC immunotherapy.

REFERENCES

1. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, et al.
Cancer Incidence and Mortality Worldwide: Sources, Methods and Major
Patterns in GLOBOCAN 2012. Int ] Cancer (2015) 136(5):E359-86. doi:
10.1002/ijc.29210

2. Rautava ], Syrjanen S. Biology of Human Papillomavirus Infections in Head
and Neck Carcinogenesis. Head Neck Pathol (2012) 6(Suppl 1):S3-15. doi:
10.1007/s12105-012-0367-2

3. Posner M, Vermorken JB. Induction Therapy in the Modern Era of
Combined-Modality Therapy for Locally Advanced Head and Neck
Cancer. Semin Oncol (2008) 35(3):221-8. doi: 10.1053/j.seminoncol.
2008.03.007

DATA AVAILABILITY STATEMENT

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

ETHICS STATEMENT

Ethical review and approval was not required for the study on
human participants in accordance with the local legislation and
institutional requirements. Written informed consent for
participation was not required for this study in accordance
with the national legislation and the institutional requirements.

AUTHOR CONTRIBUTIONS

XW and KW conceptualized the project, all data analysis, and
wrote the first draft of the manuscript. EG, XM, LG, CZ, JG, and
GW contributed to processing, analysis, and interpretation of the
data. JS and SM contributed to guide the data analysis, and
manuscript writing. All authors contributed to the article and
approved the submitted version.

FUNDING

This work was supported by Postdoctoral Scientific Research
Developmental Fund of Heilongjiang Province (LBH-Q18088).

ACKNOWLEDGMENTS

We would like show sincere appreciation to the editors and
reviewers for critical comments on this article.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2021.
658631/full#supplementary-material

4. Haddad AF, Young JS, Mummaneni NV, Kasahara N, Aghi MK.
Immunologic Aspects of Viral Therapy for Glioblastoma and Implications
for Interactions With Immunotherapies. ] Neurooncol (2021) 152:1-13. doi:
10.1007/511060-020-03684-5

5. Popovic A, Jaffee EM, Zaidi N. Emerging Strategies for Combination
Checkpoint Modulators in Cancer Immunotherapy. J Clin Invest (2018)
128(8):3209-18. doi: 10.1172/JCI120775

6. Wei T, Li M, Zhu Z, Xiong H, Shen H, Zhang H, et al. Vincristine Upregulates
PD-L1 and Increases the Efficacy of PD-L1 Blockade Therapy in Diffuse Large
B-cell Lymphoma. J Cancer Res Clin Oncol (2021) 147:691-701. doi: 10.1007/
500432-020-03446-w

7. Forster MD, Devlin MJ. Immune Checkpoint Inhibition in Head and Neck
Cancer. Front Oncol (2018) 8:310. doi: 10.3389/fonc.2018.00310

Frontiers in Immunology | www.frontiersin.org

April 2021 | Volume 12 | Article 658631


https://www.frontiersin.org/articles/10.3389/fimmu.2021.658631/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2021.658631/full#supplementary-material
https://doi.org/10.1002/ijc.29210
https://doi.org/10.1007/s12105-012-0367-2
https://doi.org/10.1053/j.seminoncol.2008.03.007
https://doi.org/10.1053/j.seminoncol.2008.03.007
https://doi.org/10.1007/s11060-020-03684-5
https://doi.org/10.1172/JCI120775
https://doi.org/10.1007/s00432-020-03446-w
https://doi.org/10.1007/s00432-020-03446-w
https://doi.org/10.3389/fonc.2018.00310
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Wang et al.

Immune-Related LncRNA Pairs, Immunotherapeutic, HNSCC

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

. Weed DT, Zilio S, Reis IM, Sargi Z, Abouyared M, Gomez-Fernandez CR,

et al. The Reversal of Immune Exclusion Mediated by Tadalafil and an Anti-
tumor Vaccine Also Induces PDL1 Upregulation in Recurrent Head and Neck
Squamous Cell Carcinoma: Interim Analysis of a Phase I Clinical Trial. Front
Immunol (2019) 10:1206. doi: 10.3389/fimmu.2019.01206

. Hajek M, Biktasova A, Sewell A, Gary C, Cantalupo P, Anderson KS, et al.

Global Genome Demethylation Causes Transcription-Associated DNA
Double Strand Breaks in HPV-Associated Head and Neck Cancer Cells.
Cancers (Basel) (2020) 13(1). doi: 10.3390/cancers13010021

Merlino DJ, Johnson JM, Tuluc M, Gargano S, Stapp R, Harshyne LJr, et al.
Discordant Responses Between Primary Head and Neck Tumors and Nodal
Metastases Treated With Neoadjuvant Nivolumab: Correlation of
Radiographic and Pathologic Treatment Effect. Front Oncol (2020)
10:566315. doi: 10.3389/fonc.2020.566315

St Laurent G, Wahlestedt C, Kapranov P. The Landscape of Long Noncoding
RNA Classification. Trends Genet (2015) 31(5):239-51. doi: 10.1016/
j.tig.2015.03.007

Wu J, Zhao W, Wang Z, Xiang X, Zhang S, Liu L. Long non-Coding RNA
SNHG20 Promotes the Tumorigenesis of Oral Squamous Cell Carcinoma Via
Targeting miR-197/LIN28 Axis. ] Cell Mol Med (2019) 23(1):680-8. doi:
10.1111/jcmm.13987

Zhuang S, Liu F, Wu P. Upregulation of Long Noncoding RNA TUGI1
Contributes to the Development of Laryngocarcinoma by Targeting miR-
145-5p/ROCK1 Axis. ] Cell Biochem (2019) 120(8):13392-402. doi: 10.1002/
jcb.28614

Atianand MK, Caffrey DR, Fitzgerald KA. Immunobiology of Long
Noncoding Rnas. Annu Rev Immunol (2017) 35:177-98. doi: 10.1146/
annurev-immunol-041015-055459

Chen YG, Satpathy AT, Chang HY. Gene Regulation in the Immune System
by Long Noncoding Rnas. Nat Immunol (2017) 18(9):962-72. doi: 10.1038/
ni.3771

Itzel T, Spang R, Maass T, Munker S, Roessler S, Ebert MP, et al. Random
Gene Sets in Predicting Survival of Patients With Hepatocellular Carcinoma.
J Mol Med (Berl) (2019) 97(6):879-88. doi: 10.1007/s00109-019-01764-2
Leek JT, Scharpf RB, Bravo HC, Simcha D, Langmead B, Johnson WE, et al.
Tackling the Widespread and Critical Impact of Batch Effects in High-
Throughput Data. Nat Rev Genet (2010) 11(10):733-9. doi: 10.1038/nrg2825
Heinaniemi M, Nykter M, Kramer R, Wienecke-Baldacchino A, Sinkkonen L,
Zhou JX, et al. Gene-Pair Expression Signatures Reveal Lineage Control. Nat
Methods (2013) 10(6):577-83. doi: 10.1038/nmeth.2445

Wu J, Zhao Y, Zhang J, Wu Q, Wang W. Development and Validation
of an Immune-Related Gene Pairs Signature in Colorectal Cancer.
Oncoimmunology (2019) 8(7):1596715. doi: 10.1080/2162402X.2019.1596715
Li B, Cui Y, Diehn M, Li R. Development and Validation of an Individualized
Immune Prognostic Signature in Early-Stage Nonsquamous Non-Small Cell
Lung Cancer. JAMA Oncol (2017) 3(11):1529-37. doi: 10.1001/jamaoncol.
2017.1609

Li Y, Yao P, Zhao K, Ye Z, Zhang H, Cao J, et al. Individualized Prognostic
Signature for Pancreatic Carcinoma Validated by Integrating Immune-
Related Gene Pairs (Irgps). Bioengineered (2021) 12(1):88-95. doi: 10.1080/
21655979.2020.1860493

Li LQ, Zhang LH, Zhang Y, Lu XC, Zhang Y, Liu YK, et al. Construction of
Immune-Related Gene Pairs Signature to Predict the Overall Survival of
Osteosarcoma Patients. Aging (Albany NY) (2020) 12(22):22906-26. doi:
10.18632/aging.104017

LiY, Jiang T, Zhou W, Li J, Li X, Wang Q, et al. Pan-Cancer Characterization
of Immune-Related IncRNAs Identifies Potential Oncogenic Biomarkers. Nat
Commun (2020) 11(1):1000. doi: 10.1038/s41467-020-14802-2

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

Robinson MD, McCarthy DJ, Smyth GK. edgeR: A Bioconductor Package for
Differential Expression Analysis of Digital Gene Expression Data.
Bioinformatics (2010) 26(1):139-40. doi: 10.1093/bioinformatics/btp616
Heagerty PJ, Lumley T, Pepe MS. Time-Dependent ROC Curves for Censored
Survival Data and a Diagnostic Marker. Biometrics (2000) 56(2):337-44. doi:
10.1111/j.0006-341X.2000.00337.x

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Becht E, Giraldo NA, Lacroix L, Buttard B, Elarouci N, Petitprez F, et al.
Estimating the Population Abundance of Tissue-Infiltrating Immune and
Stromal Cell Populations Using Gene Expression. Genome Biol (2016) 17
(1):218. doi: 10.1186/s13059-016-1113-y

Sturm G, Finotello F, Petitprez F, Zhang JD, Baumbach J, Fridman WH, et al.
Comprehensive Evaluation of Transcriptome-Based Cell-Type Quantification
Methods for Immuno-Oncology. Bioinformatics (2019) 35(14):i436-145. doi:
10.1093/bioinformatics/btz363

Lee YG, Chang H, Keam B, Chun SH, Park J, Park KU, et al. Outcomes and
Biomarkers of Immune Checkpoint Inhibitor Therapy in Patients With
Refractory Head and Neck Squamous Cell Carcinoma: KCSG Hn18-12.
Cancer Res Treat (2020). doi: 10.4143/crt.2020.824

Kamat AM, Hahn NM, Efstathiou JA, Lerner SP, Malmstrom PU, Choi W,
et al. Bladder Cancer. Lancet (2016) 388(10061):2796-810. doi: 10.1016/
S0140-6736(16)30512-8

McGranahan N, Rosenthal R, Hiley CT, Rowan AJ, Watkins TBK, Wilson
GA, et al. Allele-Specific HLA Loss and Immune Escape in Lung Cancer
Evolution. Cell (2017) 171(6):1259-71.e11. doi: 10.1016/j.cell.2017.10.001
Leemans CR, Braakhuis BJ, Brakenhoft RH. The Molecular Biology of Head
and Neck Cancer. Nat Rev Cancer (2011) 11(1):9-22. doi: 10.1038/nrc2982
Kitamura N, Sento S, Yoshizawa Y, Sasabe E, Kudo Y, Yamamoto T. Current
Trends and Future Prospects of Molecular Targeted Therapy in Head and
Neck Squamous Cell Carcinoma. Int | Mol Sci (2020) 22(1). doi: 10.3390/
ijms22010240

Chow LQM, Haddad R, Gupta S, Mahipal A, Mehra R, Tahara M, et al.
Antitumor Activity of Pembrolizumab in Biomarker-Unselected Patients
With Recurrent and/or Metastatic Head and Neck Squamous Cell
Carcinoma: Results From the Phase Ib KEYNOTE-012 Expansion Cohort.
J Clin Oncol (2016) 34(32):3838-45. doi: 10.1200/JC0O.2016.68.1478

Xin W, Ding H, Fang Q, Zheng X, Tong Y, Xu G, et al. Cost-Effectiveness of
Pembrolizumab for Treatment of Platinum-Resistant Recurrent or Metastatic
Head and Neck Squamous Cell Carcinoma in China: An Economic Analysis
Based on a Randomised, Open-Label, Phase III Trial. BM]J Open (2020) 10
(12):e038867. doi: 10.1136/bmjopen-2020-038867

Zhou L, Xu N, Shibata H, Saloura V, Uppaluri R. Epigenetic Modulation of
Immunotherapy and Implications in Head and Neck Cancer. Cancer
Metastasis Rev (2021) 40:141-52. doi: 10.1007/s10555-020-09944-0

Ma XB, Xu YY, Zhu MX, Wang L. Prognostic Signatures Based on Thirteen
Immune-Related Genes in Colorectal Cancer. Front Oncol (2020) 10:591739.
doi: 10.3389/fonc.2020.591739

Thorsson V, Gibbs DL, Brown SD, Wolf D, Bortone DS, Ou Yang TH, et al.
The Immune Landscape of Cancer. Immunity (2018) 48(4):812-30.e14. doi:
10.1016/j.immuni.2018.03.023

Kaufman HL, Kirkwood JM, Hodi FS, Agarwala S, Amatruda T, Bines SD,
et al. The Society for Immunotherapy of Cancer Consensus Statement on
Tumour Immunotherapy for the Treatment of Cutaneous Melanoma. Nat Rev
Clin Oncol (2013) 10(10):588-98. doi: 10.1038/nrclinonc.2013.153

Popovici V, Budinska E, Tejpar S, Weinrich S, Estrella H, Hodgson G, et al.
Identification of a Poor-Prognosis BRAF-mutant-like Population of Patients
With Colon Cancer. J Clin Oncol (2012) 30(12):1288-95. doi: 10.1200/
JCO.2011.39.5814

Zhang L, Zhu P, Tong Y, Wang Y, Ma H, Xia X, et al. An Immune-Related
Gene Pairs Signature Predicts Overall Survival in Serous Ovarian Carcinoma.
Onco Targets Ther (2019) 12:7005-14. doi: 10.2147/OTT.5200191

Tan L, Yang Y, Shao Y, Zhang H, Guo J. Plasma IncRNA-GACAT?2 is a
Valuable Marker for the Screening of Gastric Cancer. Oncol Lett (2016) 12
(6):4845-9. doi: 10.3892/01.2016.5297

Liu Y, Ye F. Construction and Integrated Analysis of Crosstalking ceRNAs
Networks in Laryngeal Squamous Cell Carcinoma. Peer ] (2019) 7:¢7380. doi:
10.7717/peer].7380

Li M, Zhang X, Ding X, Zheng Y, Du H, Li H, et al. Long Noncoding Rna
LINC00460 Promotes Cell Progression by Sponging miR-4443 in Head and
Neck Squamous Cell Carcinoma. Cell Transplant (2020) 29:963689720927405.
doi: 10.1177/0963689720927405

Li H, Xiong HG, Xiao Y, Yang QC, Yang SC, Tang HC, et al. Long Non-coding
Rna LINCO02195 as a Regulator of MHC I Molecules and Favorable Prognostic
Marker for Head and Neck Squamous Cell Carcinoma. Front Oncol (2020)
10:615. doi: 10.3389/fonc.2020.00615

Frontiers in Immunology | www.frontiersin.org

April 2021 | Volume 12 | Article 658631


https://doi.org/10.3389/fimmu.2019.01206
https://doi.org/10.3390/cancers13010021
https://doi.org/10.3389/fonc.2020.566315
https://doi.org/10.1016/j.tig.2015.03.007
https://doi.org/10.1016/j.tig.2015.03.007
https://doi.org/10.1111/jcmm.13987
https://doi.org/10.1002/jcb.28614
https://doi.org/10.1002/jcb.28614
https://doi.org/10.1146/annurev-immunol-041015-055459
https://doi.org/10.1146/annurev-immunol-041015-055459
https://doi.org/10.1038/ni.3771
https://doi.org/10.1038/ni.3771
https://doi.org/10.1007/s00109-019-01764-2
https://doi.org/10.1038/nrg2825
https://doi.org/10.1038/nmeth.2445
https://doi.org/10.1080/2162402X.2019.1596715
https://doi.org/10.1001/jamaoncol.2017.1609
https://doi.org/10.1001/jamaoncol.2017.1609
https://doi.org/10.1080/21655979.2020.1860493
https://doi.org/10.1080/21655979.2020.1860493
https://doi.org/10.18632/aging.104017
https://doi.org/10.1038/s41467-020-14802-2
https://doi.org/10.1038/ncomms3612
https://doi.org/10.1038/ncomms3612
https://doi.org/10.1093/bioinformatics/btp616
https://doi.org/10.1111/j.0006-341X.2000.00337.x
https://doi.org/10.1186/s13059-016-1113-y
https://doi.org/10.1093/bioinformatics/btz363
https://doi.org/10.4143/crt.2020.824
https://doi.org/10.1016/S0140-6736(16)30512-8
https://doi.org/10.1016/S0140-6736(16)30512-8
https://doi.org/10.1016/j.cell.2017.10.001
https://doi.org/10.1038/nrc2982
https://doi.org/10.3390/ijms22010240
https://doi.org/10.3390/ijms22010240
https://doi.org/10.1200/JCO.2016.68.1478
https://doi.org/10.1136/bmjopen-2020-038867
https://doi.org/10.1007/s10555-020-09944-0
https://doi.org/10.3389/fonc.2020.591739
https://doi.org/10.1016/j.immuni.2018.03.023
https://doi.org/10.1038/nrclinonc.2013.153
https://doi.org/10.1200/JCO.2011.39.5814
https://doi.org/10.1200/JCO.2011.39.5814
https://doi.org/10.2147/OTT.S200191
https://doi.org/10.3892/ol.2016.5297
https://doi.org/10.7717/peerj.7380
https://doi.org/10.1177/0963689720927405
https://doi.org/10.3389/fonc.2020.00615
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Wang et al.

Immune-Related LncRNA Pairs, Immunotherapeutic, HNSCC

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Huang G, Yang Y, Lv M, Huang T, Zhan X, Kang W, et al. Novel Lncrna
SFTA1P Promotes Tumor Growth by Down-Regulating miR-4766-5p Via
PI3K/AKT/mTOR Signaling Pathway in Hepatocellular Carcinoma. Onco
Targets Ther (2020) 13:9759-70. doi: 10.2147/OTT.S248660

Chen W, Zai W, Fan ], Zhang X, Zeng X, Luan J, et al. Interleukin-22 Drives a
Metabolic Adaptive Reprogramming to Maintain Mitochondrial Fitness and
Treat Liver Injury. Theranostics (2020) 10(13):5879-94. doi: 10.7150/
thno.43894

Pan K, Xie Y. Lncrna FOXC2-AS1 Enhances FOXC2 mRNA Stability to
Promote Colorectal Cancer Progression Via Activation of Ca(2+)-FAK Signal
Pathway. Cell Death Dis (2020) 11(6):434. doi: 10.1038/s41419-020-2633-7
Hansen AR, Siu LL. Pd-L1 Testing in Cancer: Challenges in Companion
Diagnostic Development. JAMA Oncol (2016) 2(1):15-6. doi: 10.1001/
jamaoncol.2015.4685

Oliva M, Spreafico A, Taberna M, Alemany L, Coburn B, Mesia R, et al.
Immune Biomarkers of Response to Immune-Checkpoint Inhibitors in Head
and Neck Squamous Cell Carcinoma. Ann Oncol (2019) 30(1):57-67. doi:
10.1093/annonc/mdy507

Ferris RL, Blumenschein GJr, Fayette ], Guigay J, Colevas AD, Licitra L, et al.
Nivolumab vs Investigator’s Choice in Recurrent or Metastatic Squamous Cell
Carcinoma of the Head and Neck: 2-Year Long-Term Survival Update of
CheckMate 141 With Analyses by Tumor PD-L1 Expression. Oral Oncol
(2018) 81:45-51. doi: 10.1016/j.oraloncology.2018.04.008

Xia Y, Rao L, Yao H, Wang Z, Ning P, Chen X. Engineering Macrophages for
Cancer Immunotherapy and Drug Delivery. Adv Mater (2020) 32(40):
€2002054. doi: 10.1002/adma.202002054

Henze AT, Mazzone M. The Impact of Hypoxia on Tumor-Associated
Macrophages. J Clin Invest (2016) 126(10):3672-9. doi: 10.1172/JCI84427
Muir A, Vander Heiden MG. The Nutrient Environment Affects Therapy.
Science (2018) 360(6392):962-3. doi: 10.1126/science.aar5986

Vitale I, Manic G, Coussens LM, Kroemer G, Galluzzi L. Macrophages and
Metabolism in the Tumor Microenvironment. Cell Metab (2019) 30(1):36-50.
doi: 10.1016/j.cmet.2019.06.001

Shen L, Zhou Y, He H, Chen W, Lenahan C, Li X, et al. Crosstalk Between
Macrophages, T Cells, and Iron Metabolism in Tumor Microenvironment.
Oxid Med Cell Longev (2021) 2021:8865791. doi: 10.1155/2021/8865791
Ruftell B, Coussens LM. Macrophages and Therapeutic Resistance in Cancer.
Cancer Cell (2015) 27(4):462-72. doi: 10.1016/j.ccell.2015.02.015

DeNardo DG, Ruffell B. Macrophages as Regulators of Tumour Immunity and
Immunotherapy. Nat Rev Immunol (2019) 19(6):369-82. doi: 10.1038/
s41577-019-0127-6

59.

60.

61.

62.

63.

64.

65.

66.

Wuerdemann N, Putz K, Eckel H, Jain R, Wittekindt C, Huebbers CU, et al.
Lag-3, TIM-3 and VISTA Expression on Tumor-Infiltrating Lymphocytes in
Oropharyngeal Squamous Cell Carcinoma-Potential Biomarkers for Targeted
Therapy Concepts. Int ] Mol Sci (2020) 22(1). doi: 10.3390/ijms22010379
Bindea G, Mlecnik B, Tosolini M, Kirilovsky A, Waldner M, Obenauf AC,
et al. Spatiotemporal Dynamics of Intratumoral Immune Cells Reveal the
Immune Landscape in Human Cancer. Immunity (2013) 39(4):782-95. doi:
10.1016/j.immuni.2013.10.003

Fridman WH, Zitvogel L, Sautes-Fridman C, Kroemer G. The Immune
Contexture in Cancer Prognosis and Treatment. Nat Rev Clin Oncol (2017)
14(12):717-34. doi: 10.1038/nrclinonc.2017.101

Tu D, Dou J, Wang M, Zhuang H, Zhang X. M2 Macrophages Contribute
to Cell Proliferation and Migration of Breast Cancer. Cell Biol Int (2020)
45:831-8. doi: 10.21203/rs.3.rs-39373/v1

Sharifi L, Nowroozi MR, Amini E, Arami MK, Ayati M, Mohsenzadegan M. A
Review on the Role of M2 Macrophages in Bladder Cancer; Pathophysiology
and Targeting. Int Immunopharmacol (2019) 76:105880. doi: 10.1016/
j.intimp.2019.105880

Hensler M, Kasikova L, Fiser K, Rakova ], Skapa P, Laco J, et al. M2-Like
Macrophages Dictate Clinically Relevant Immunosuppression in Metastatic
Ovarian Cancer. ] Immunother Cancer (2020) 8(2). doi: 10.1136/jitc-2020-000979
Li W, Zhang X, Wu F, Zhou Y, Bao Z, Li H, et al. Gastric Cancer-Derived
Mesenchymal Stromal Cells Trigger M2 Macrophage Polarization That
Promotes Metastasis and EMT in Gastric Cancer. Cell Death Dis (2019) 10
(12):918. doi: 10.1038/s41419-019-2131-y

Vidyarthi A, Agnihotri T, Khan N, Singh S, Tewari MK, Radotra BD, et al.
Predominance of M2 Macrophages in Gliomas Leads to the Suppression of
Local and Systemic Immunity. Cancer Immunol Immunother (2019) 68
(12):1995-2004. doi: 10.1007/s00262-019-02423-8

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.

Copyright © 2021 Wang, Cao, Guo, Mao, Guo, Zhang, Guo, Wang, Yang, Sun and
Miao. 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.

Frontiers in Immunology | www.frontiersin.org

April 2021 | Volume 12 | Article 658631


https://doi.org/10.2147/OTT.S248660
https://doi.org/10.7150/thno.43894
https://doi.org/10.7150/thno.43894
https://doi.org/10.1038/s41419-020-2633-7
https://doi.org/10.1001/jamaoncol.2015.4685
https://doi.org/10.1001/jamaoncol.2015.4685
https://doi.org/10.1093/annonc/mdy507
https://doi.org/10.1016/j.oraloncology.2018.04.008
https://doi.org/10.1002/adma.202002054
https://doi.org/10.1172/JCI84427
https://doi.org/10.1126/science.aar5986
https://doi.org/10.1016/j.cmet.2019.06.001
https://doi.org/10.1155/2021/8865791
https://doi.org/10.1016/j.ccell.2015.02.015
https://doi.org/10.1038/s41577-019-0127-6
https://doi.org/10.1038/s41577-019-0127-6
https://doi.org/10.3390/ijms22010379
https://doi.org/10.1016/j.immuni.2013.10.003
https://doi.org/10.1038/nrclinonc.2017.101
https://doi.org/10.21203/rs.3.rs-39373/v1
https://doi.org/10.1016/j.intimp.2019.105880
https://doi.org/10.1016/j.intimp.2019.105880
https://doi.org/10.1136/jitc-2020-000979
https://doi.org/10.1038/s41419-019-2131-y
https://doi.org/10.1007/s00262-019-02423-8
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Identification of Immune-Related LncRNA Pairs for Predicting Prognosis and Immunotherapeutic Response in Head and Neck Squamous Cell Carcinoma
	Introduction
	Materials and Methods
	Clinical Sample and Data Collection
	Analysis of Differentially Expressed lncRNAs
	Identification of Prognostic-Related IRLPs in Patients With HNSCC
	Construction and Evaluation of Signatures Based on IRLPs
	Construction and Evaluation of Nomograms
	Estimation of Immune Infiltration
	Analysis of the Immunosuppressive Molecules Expressing Related to ICIs
	Gene Set Enrichment Analysis
	Statistical Analysis

	Result
	Construction and Evaluation of IRLPs Signature
	Correlation Between IRLPs and Clinical Characteristics
	The Relationship Between IRLPs Signature and Immune Cell Infiltration
	The Relationship Between IRLPs Signature and Immune Checkpoint
	The Relationship Between Risk Score, MMR Gene and HLA Gene Family
	Gene Set Enrichment Analysis

	Discussion
	Data Availability Statement
	Ethics 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 true
  /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 true
  /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 true
  /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


