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Energéticas, Medioambientales y
Tecnológicas, Spain

Reviewed by:
Sema Kurtulus,

Novartis Institutes for BioMedical
Research, United States

Lei Tao,
Fudan University, China

Anne Offermann,
Universität zu Lübeck, Germany

*Correspondence:
Yu Wang

neck130@hotmail.com
Qinghai Ji

jq_hai@126.com
Chuanpeng Dong
cpdong@iu.edu

†These authors have contributed
equally to this work

Specialty section:
This article was submitted to

Cancer Immunity
and Immunotherapy,

a section of the journal
Frontiers in Immunology

Received: 07 April 2021
Accepted: 20 September 2021

Published: 19 October 2021

Citation:
Ma B, Jiang HY, Luo Y, Liao T, Xu WB,
Wang X, Dong CP, Ji QH and Wang Y

(2021) Tumor-Infiltrating Immune-
Related Long Non-Coding RNAs

Indicate Prognoses and Response to
PD-1 Blockade in Head and Neck

Squamous Cell Carcinoma.
Front. Immunol. 12:692079.

doi: 10.3389/fimmu.2021.692079

ORIGINAL RESEARCH
published: 19 October 2021

doi: 10.3389/fimmu.2021.692079
Tumor-Infiltrating Immune-Related
Long Non-Coding RNAs Indicate
Prognoses and Response to PD-1
Blockade in Head and Neck
Squamous Cell Carcinoma
Ben Ma1,2†, Hongyi Jiang1,2†, Yi Luo1,2†, Tian Liao1,2, Weibo Xu1,2, Xiao Wang1,2,
Chuanpeng Dong3,4*, Qinghai Ji1,2* and Yu Wang1,2*

1 Department of Head and Neck Surgery, Fudan University Shanghai Cancer Center, Shanghai, China, 2 Department of
Oncology, Shanghai Medical College, Fudan University, Shanghai, China, 3 Center for Computational Biology and
Bioinformatics, Indiana University School of Medicine, Indianapolis, IN, United States, 4 Department of Biohealth Informatics,
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Long non-coding RNAs (lncRNAs) in immune cells play critical roles in tumor cell–immune
cell interactions. This study aimed to characterize the landscape of tumor-infiltrating
immune-related lncRNAs (Ti-lncRNAs) and reveal their correlations with prognoses and
immunotherapy response in head and neck squamous cell carcinoma (HNSCC). We
developed a computational model to identify Ti-lncRNAs in HNSCC and analyzed their
associations with clinicopathological features, molecular alterations, and immunotherapy
response. A signature of nine Ti-lncRNAs demonstrated an independent prognostic factor
for both overall survival and disease-free survival among the cohorts from Fudan University
Shanghai Cancer Center, The Cancer Genome Atlas, GSE41613, and GSE42743. The
Ti-lncRNA signature scores in immune cells showed significant associations with TP53
mutation, CDKN2A mutation, and hypoxia. Inferior signature scores were enriched in
patients with high levels of PDCD1 and CTLA4 and high expanded immune gene
signature (IGS) scores, who displayed good response to PD-1 blockade in HNSCC.
Consistently, superior clinical response emerged in melanoma patients with low signature
scores undergoing anti-PD-1 therapy. Moreover, the Ti-lncRNA signature was a
prognostic factor independent of PDCD1, CTLA4, and the expanded IGS score. In
conclusion, tumor-infiltrating immune profiling identified a prognostic Ti-lncRNA signature
indicative of clinical response to PD-1 blockade in HNSCC.

Keywords: HNSCC, Ti-lncRNA, PD-1 blockade, CTLA4, prognosis
INTRODUCTION

Head and neck squamous cell carcinoma (HNSCC) originates from epithelial cells at sites of oral
cavity, pharynx, and larynx, which is the sixth most common cancer worldwide, with 890,000 new
cases and 450,000 deaths in 2018 (1, 2). Several common risk factors for HNSCC have been
uncovered, such as smoking, alcohol abuse, consumption of areca catechu, human papillomavirus
org October 2021 | Volume 12 | Article 6920791
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(HPV) infection, and exposure to environmental pollutants (3,
4). Surgery, radiation, and systemic therapy are the principal
modalities for locally confined HNSCC. A majority of the
patients with recurrent or metastatic HNSCC are considered
for systemic therapy, especially immunotherapy, except for some
patients cured by local management (5, 6).

In general, the tumor microenvironment (TME) of HNSCC is
highly infiltrated by immune cells with regard to tumor biology,
which mediate immune surveillance or evasion through various
mechanisms (3). In advanced-staged HNSCC, it is demonstrated
that the cytotoxic activities of T cells are repressed due to the
upregulation of immunosuppressive factors such as PD-1 and
CTLA4 in TME, leading to persistent efforts of reactivating T
cells to treat this malignancy (7–10). Until now, immune
checkpoint inhibitors have significantly updated the
therapeutic modalities of HNSCC. The Food and Drug
Administration approved the use of the immune checkpoint
inhibitors pembrolizumab and nivolumab for the treatment of
cisplatin-refractory recurrent or metastatic HNSCC and
pembrolizumab as a first-line therapy for unresectable or
metastatic disease in 2016 and 2019, respectively (9–11).
However, it is noted that only a subset of patients are expected
to respond to immune checkpoint inhibitors and that reliable
predictive biomarkers are needed.

Therefore, it is necessary to identify molecular biomarkers
that can be used to predict the disease progression, survival
status, and response to immunotherapy of HNSCC. The search
for such biomarkers has focused on the molecular abnormalities
of tumor-infiltrating immune cells. In recent years, long non-
coding RNAs (lncRNAs) in immune cells have demonstrated to
play critical roles in tumor cell–immune cell interactions (12,
13). In the present study, we initially characterized the lncRNA
landscape of immune cells specifically altered in HNSCC and
then aimed to identify a prognostic lncRNA signature that is
useful for the prediction of immunotherapy response through
integrated analyses of tumor-infiltrating immune-related
lncRNAs (Ti-lncRNAs) and clinicopathological features.
MATERIALS AND METHODS

Transcriptional Data of Immune Cells and
Tumor Cell Lines
The transcriptional profiles of 115 purified cell lines of 19
immune cell types based on the Affymetrix HG-U133_Plus 2.0
platform were obtained from the Gene Expression Omnibus
(GEO) database (http://www.ncbi.nlm.nih.gov/geo), including
GSE13906 (14), GSE23371 (15), GSE25320 (16), GSE27291
(17, 18), GSE27838 (19), GSE28490 (20), GSE28698 (21),
GSE28726 (22), GSE37750 (23), GSE39889 (24), GSE42058
(25), GSE49910 (26), GSE51540 (27), GSE59237 (28), GSE6863
(29), and GSE8059 (30). We obtained the transcriptional profiles
of HNSCC cell lines based on the Affymetrix HG-U133_Plus 2.0
platform from the Cancer Cell Line Encyclopedia (CCLE) project
(https://portals.broadinstitute.org/ccle) and collected 34 cell lines
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that matched the tumor type ‘HNSC’ from the cell annotation
files of The Cancer Genome Atlas (TCGA).

Microarray Data Processing
All raw data (.cel files) of the 115 immune cells and the 34 ‘HNSC’
cell line microarray data profiled by the Affymetrix HG-
U133_Plus 2.0 platform were downloaded and processed
together using robust multi-array average (RMA) normalization
with the R ‘affy’ packages. RMA normalization for the patient
datasets GSE41613 and GSE42743 (31) was performed separately
as well. The Affymetrix Human Genome U133 Plus 2.0 Array
probes were re-annotated into unique Ensembl gene IDs using
custom library file downloaded from the Brainarray database
(HGU133Plus2_Hs_GENCODEG, version 24; http://mbni.org/
customcdf/24.0.0/gencodeg.download/HGU133Plus2_Hs_
GENCODEG_24.0.0.zip). In total, 54,675 probes were mapped to
21,311 ensemble genes, including 3,599 genes that were annotated
as lncRNAs in the GENCODE annotation file (version 32, http://
ftp.ebi.ac.uk/pub/databases/gencode/Gencode_human/release_
32/gencode.v32.annotation.gtf.gz). The 3,477 lncRNAs that
existed in both the microarray and TCGA profiles were selected
for subsequent analysis.

Transcriptional Profiles of HNSCC Patients
HNSCC patients with transcriptional profiles were obtained
from the GEO database, the TCGA database (https://portal.
gdc.cancer.gov), and The cBioPortal for Cancer Genomics (32)
(http://www.cbioportal.org/) according to the following selection
criteria: 1) with detailed information of stage, age, gender, and
overall survival (OS) time and status; 2) profiled with the
Affymetrix HG-U133_Plus 2.0 or Illumina HiSeq platform; and
3) sample size large than 50. In total, 671 HNSCC patients were
enrolled, including two microarray profiles, GSE41613 (n = 97)
and GSE42743 (n = 74), and TCGA dataset (n = 500). TCGA
dataset was used as the training dataset for discovering a lncRNA
signature; the other two microarray datasets were used as
independent test datasets for validating the lncRNA signature.
Detailed clinical information of the three patient sets is shown
in Table 1.

Development of a Ti-lncRNA Signature
We established a novel Ti-lncRNA by integrative lncRNA
profiling analyses on purified immune cells, HNSCC cell lines,
and cancer bulk tissues as follows (Figure 1): 1) the top 10%
expressed lncRNAs in each immune cell (average expression
value) were obtained for the 19 immune cell types; 2) the
immune cell specificity of lncRNA was calculated with the
tissue specificity index (TSI) using the following formula:

TSIlnc =
oN

i=1(1 − xlnc,i)

N − 1

where N denotes the total number of immune cell types and xlnc,i
is the expression intensity of immune cells normalized by the
maximal expression of any immune cell types for lncRNAs.
A higher TSI value represents a higher cell specificity of the
October 2021 | Volume 12 | Article 692079
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lncRNA. TSI ranges from 0 to 1; 3) differential expression
analyses were further performed for the top expressed
lncRNAs with high TSI values (>0.1) between immune cells
and the HNSCC cell line profiles. The lncRNAs with a false
discovery rate (FDR) <0.05 upregulated in immune cells were
recognized as Ti-lncRNAs; 4) the OS-related Ti-lncRNAs were
selected using univariate Cox regression analyses. Finally, nine
lncRNAs with a univariate p-value <0.01 were selected for the
construction of a prognostic risk model using the linear
Frontiers in Immunology | www.frontiersin.org 3
combination of the expression values of the prognostic Ti-
lncRNAs, weighted by their estimated regression coefficients
from multivariate Cox regression analyses.

HNSCC Patients from FUSCC
A total of 80 HNSCC patients were enrolled in this study, who
received surgical therapy at Fudan University Shanghai Cancer
Center (FUSCC) from 2011 to 2019. The 80 samples obtained
from these patients, whose diagnoses were confirmed by
FIGURE 1 | Flow graph for characterizing the lncRNA landscape of HNSCC-infiltrating immune cells and for building a prognostic signature. Step 1: all lncRNAs
were ranked according to their mean expression levels in each immune cell type, and the top 10% expressed lncRNAs were chosen as candidate lncRNAs. Step 2:
the TSI scores of a total of 958 lncRNAs were calculated to reflect their expression specificity with respect to the 19 immune cell types. Step 3: lncRNAs with high
TSI values (> 0.1) were further analyzed for differential expression between the 19 types of immune cells and the 34 HNSCC cell lines. Step 4: the lncRNAs
upregulated in immune cells were screened out and compared with HNSCC cells. lncRNA, long non-coding RNA; HNSCC, head and neck squamous cell
carcinoma; TSI, tissue specificity index.
TABLE 1 | Clinical characteristics of patients with head and neck squamous cell carcinoma (HNSCC) enrolled in this study.

Variables TCGA (training) TCGA (test) FUSCC GSE41613 GSE42743

N % N % N % N % N %

Age (years)
≤60 142 47.3 101 50.5 41 51.25 50 51.5 40 54.1
>60 158 52.7 99 49.5 39 48.75 47 48.5 34 45.9

Gender
Male 216 72.0 151 75.5 70 87.5 66 68.0 58 78.4
Female 84 28.0 49 24.5 10 12.5 31 32.0 16 21.6

TNM stage
I–II 67 22.3 47 23.5 25 31.25 41 42.3 30 40.5
III–IV 227 75.7 145 72.5 51 63.75 56 57.7 44 59.5
Unknown 6 2.0 8 4.0 4 5.0 0 0.0 0 0.0

Survival status
Alive 169 56.3 112 56.0 55 68.75 46 47.4 32 43.2
Dead 130 43.3 87 43.5 25 31.25 51 52.6 42 56.8
Unknown 1 0.3 1 0.5 0 0.0 0 0.0 0 0.0
October 2021 | Volume
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pathological experts, were subjected to RNA extraction and
further lncRNA expression analyses. The clinical features of
the 80 patients are described in Table 1. Each patient provided
written informed consent for his/her specimens and information
to be used for research and stored in the hospital database. This
study was approved by the Medical Ethics Committee of the
FUSCC. All procedures performed in our study were in
accordance with the ethical standards of our institutional
research committee and with the 1964 Helsinki Declaration
and its later amendments or comparable ethical standards.

RNA Extraction and Expression Analyses
of lncRNAs
We extracted total RNA from the HNSCC samples using the
TRIzol reagent (Life Technologies, Carlsbad, CA, USA). Total
RNA was reverse transcribed to cDNA using the TAKARA
PrimeScriptTM RT Master Mix (Perfect Real Time). As
previously described (33), for real-time quantitative PCR, the
TAKARA TB green was used and the following lncRNAs were
employed : ENSG00000265148 , ENSG00000281358 ,
ENSG00000262089, ENSG00000240889, ENSG00000253230,
ENSG00000261888, ENSG00000235304, ENSG00000226806,
and ENSG00000260244. The assays were performed in
triplicate for each sample, and the mean value was used for the
calculation of the lncRNA expression levels. The relative lncRNA
expression levels were determined by the comparative CT
(2−DCT) method. The lncRNA expression levels were given as
ratios to the b-actin messenger RNA (mRNA) level. The primer
sequences for each lncRNA are attached in Supplementary
Table S1.

Hypoxia, Cancer-Associated Fibroblast,
and Tumor-Associated Macrophage
The Nurmik mRNA-based cancer-associated fibroblast (CAF)
gene signature was used to quantify the CAFs in HNSCC
according to previous studies (34, 35). We quantified tumor
hypoxia in HNSCC by applying the mRNA-based hypoxia
signature from Buffa et al. (36) The signature genes of hypoxia
and CAF are shown in Supplementary Table S1. A summary
score of hypoxia or CAF is defined in each sample as the median
of the absolute expression values of the genes in the signature, as
described in previous studies (35, 37). The xCell tool (http://xcell.
ucsf.edu/) (38) was used to infer the enrichment score of the M2
cell type by using the transcriptome data of TCGA cohort, and
M2 was considered as a tumor-associated macrophage (TAM) in
our study.

Gene Set Enrichment Analysis
Gene set enrichment analysis (GSEA) was performed using the
GSEA software, version 4.1.0, which was obtained from the
Broad Institute (http://www.broad.mit.edu/gsea), as previously
described (39, 40). Enrichment Map was used for the
visualization of the GSEA results. The normalized enrichment
score (NES) and p-value were used to sort the pathways enriched
in each phenotype after gene set permutations were performed
1,000 times for each analysis.
Frontiers in Immunology | www.frontiersin.org 4
Statistical Analysis
Continuous variables were expressed as the mean value ±
standard deviation (SD), and categorical data were summarized
with frequencies and percentages. Independent t-test was used to
compare the continuous variables between two groups. c2 and
Fisher’s exact tests were used for categorical variables. The
expression levels of the nine lncRNAs as a signature in each
patient were integrated into a risk score: −0.724 ×
ENSG00000265148 + (−1.047) × ENSG00000281358 +
( − 0 . 1 5 9 ) × EN SG 0 0 0 0 0 2 6 2 0 8 9 + ( − 0 . 8 8 7 ) ×
ENSG00000240889 + 2.137 × ENSG00000253230 + (−0.656) ×
ENSG00000261888 + (−0.556) × ENSG00000235304 +
( − 1 . 2 5 7 ) × EN SG 0 0 0 0 0 2 2 6 8 0 6 + ( − 0 . 1 9 5 ) ×
ENSG00000260244. To analyze the associations between the
lncRNA signature and the clinicopathological parameters,
patients were divided into two subgroups (low risk score and
high risk score groups) according to the median value of the risk
score. Nonparametric receiver operating characteristic (ROC)
analyses were performed to calculate the area under the curve
(AUC) for the signature that would be predictive of the survival
status. Univariate and multivariate logistic regression analyses
were performed to determine the risk factors for the signature.
The Kaplan–Meier method was used to construct survival
curves, and the survival difference was determined by the log-
rank test. A p-value <0.05 was considered significant. Univariate
and multivariate Cox regression methods were utilized to
conduct survival analyses. Data preparation and statistical
analyses were performed using the SPSS for Windows (version
22.0; IBM Corp., Armonk, NY, USA), the R software (version
3.5.1; R Foundation for Statistical Computing, Vienna, Austria),
and GraphPad Prism (version 6.01; GraphPad Software Inc., La
Jolla, CA, USA).
RESULTS

Identification of Ti-lncRNAs Specifically
Altered in Immune Cells of HNSCC
The landscape of lncRNAs was initially characterized in all
human immune cells, and a differential expression pattern was
observed in 19 immune cell types (Supplementary Figure S1).
As shown in Figure 1, to capture representative lncRNAs in
different immune cell types, we firstly ranked all lncRNAs
according to the mean expression levels of each immune cell,
and the top 10% expressed lncRNAs were chosen as candidate
lncRNAs. A total of 958 lncRNAs were selected for the next
procedure (Supplementary Table S2). Then, we calculated the
TSI scores for the 958 immune-related lncRNAs to reflect their
expression specificity with respect to the 19 immune cell types.
The top 872 expressed lncRNAs with high TSI values (>0.1) were
further analyzed for differential expression between the 19 types
of immune cells and the 34 HNSCC cell lines. As a result, 492
lncRNAs were identified as Ti-lncRNAs, which were significantly
upregulated with FDR < 0.05 in immune cells compared with
HNSCC cells (Supplementary Table S2).
October 2021 | Volume 12 | Article 692079
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We further sought to identify Ti-lncRNAs associated with
HNSCC survival outcomes using univariate Cox regression
analyses in the training cohort of TCGA. Patients from TCGA
were randomly split into 60% (n = 300) and 40% (n = 200) as a
training cohort and a test cohort, respectively. There were nine
Ti-lncRNAs (ENSG00000265148, ENSG00000281358,
ENSG00000262089, ENSG00000240889, ENSG00000253230,
ENSG00000261888, ENSG00000235304, ENSG00000226806,
and ENSG00000260244) with different expression specificities
in the 19 immune cell types (Figure 2A and Supplementary
Table S3), which were remarkably correlated with OS in the
training cohort (Figure 2B).

The Ti-lncRNA Signature as an
Independent Prognostic Factor for HNSCC
We developed a Ti-lncRNA signature score using a linear
combination of the expression values of the nine Ti-LncRNAs,
which were weighted by their estimated regression coefficients
from multivariate Cox regression analysis. The Ti-lncRNA
signature was identified as a prognostic indicator associated
with OS in the training cohort of TCGA (log-rank p < 0.001)
(Figures 2C, D). As shown in Figure 2C, a majority of the
immune signaling pathways (16/17, 94.11%) were enriched in
patients with low Ti-lncRNA signature scores, while the
neutrophil signaling pathway (1/17, 5.89%) was enriched in
Frontiers in Immunology | www.frontiersin.org 5
patients with high risk scores. We confirmed the significant
correlation of a high Ti-lncRNA score with a decreased OS time
(log-rank p = 0.033) (Figure 2E) in the test cohort of TCGA. We
performed GSEA using the RNA sequencing data of the whole
TCGA cohort to investigate the associations of the signature with
the tumor signaling pathways. Among all predefined pathway
gene sets, the biological pathways Myc targets v2 (NES = 1.86,
p = 0.010), interferon alpha response (NES = 2.07, p = 0.020),
TGF-b signaling (NES = 1.68, p = 0.009), and glycolysis
(NES = 2.07, p = 0.043) were enriched in the phenotype with a
high risk score (Figure 2F).

We further validated the prognostic effect of the Ti-lncRNA
signature in the FUSCC cohort (80 patients) and the public
cohorts (TCGA, 498 patients; GSE41613, 97 patients; and
GSE42743, 74 pat ients) . The Ti- lncRNA signature
demonstrated a significant association with the OS of patients
among all four cohorts (TCGA: log-rank p < 0.001; FUSCC: log-
rank p = 0.020; GSE41613: log-rank p = 0.006; GSE42743: log-
rank p = 0.040) (Figure 3), and its predictive scores for decease
status were proven to be relatively high at 3 years (TCGA: AUC =
0.671; FUSCC: AUC = 0.671) and at 5 years (TCGA: AUC =
0.639; FUSCC: AUC = 0.619) (Figures 3B, D, respectively).
Additionally, we analyzed the correlations of the Ti-lncRNA
signature with recurrence of HNSCC in 80 patients from FUSCC
and in 374 patients from TCGA. A high signature score indicated
A C D

E

F

B

FIGURE 2 | A Ti-lncRNA signature consisting of nine lncRNAs was identified as a prognostic indicator associated with OS in TCGA cohort. (A) Expression heatmap
(left) and expression specificity proportion (right) of the nine Ti-lncRNAs in the 19 immune cell types. (B) Forest plot of the hazards ratios (HRs) with 95% confidence
interval (CI) to show the associations of the Ti-lncRNAs with OS in the training cohort of TCGA. (C) A Ti-lncRNA signature was developed using a linear combination
of the expression values of the nine Ti-LncRNAs, weighted by their estimated regression coefficients from multivariate Cox regression analysis, and volcano plots for
the enrichment of immune cell types for patients with high scores and low scores calculated based on the NES from the GSEA. (D) Differences in OS between
patients with low signature risk scores and those with high risk scores was analyzed in the training cohort of TCGA using the Kaplan–Meier method to construct an
OS curve. (E) The Ti-lncRNA signature was analyzed for its association with survival in the test cohort of TCGA. (F) Biological signaling pathways enriched in patients
with high Ti-lncRNA scores. lncRNA, long non-coding RNA; OS, overall survival; TCGA, The Cancer Genome Atlas; Ti-lncRNA, tumor-infiltrating immune-related
lncRNA; NES, normalized enrichment score; GSEA, gene set enrichment analysis.
October 2021 | Volume 12 | Article 692079
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a shortened disease-free survival (DFS) in both cohorts (TCGA:
log-rank p = 0.0015; FUSCC: log-rank p = 0.002), with a
relatively high predictive effect for recurrence (FUSCC: AUC =
0.64; TCGA: AUC = 0.66) (Figure 4).

Moreover, univariate and multivariate Cox regression
analyses were performed to verify the independent effect of the
Ti-lncRNA signature on the prognoses of patients. As shown in
Table 2, after adjusting for age, gender, and tumor node
metastasis (TNM) stage, a high signature score was repeatedly
recognized as a risk factor for shortened OS time in the FUSCC
cohort (multivariate: HR = 2.495, 95%CI = 1.058–5.881, p =
Frontiers in Immunology | www.frontiersin.org 6
0.037), TCGA cohort (HR = 2.214, 95%CI = 1.669–2.939, p <
0.001), the GSE41613 cohort (HR = 1.768, 95%CI = 0.980–3.192,
p = 0.059), and the GSE42743 cohort (HR = 1.911, 95%CI =
1.003–3.641, p = 0.049). The Ti-lncRNA signature was an
independent risk factor for recurrence in the FUSCC cohort
(p = 0.010, HR = 3.005, 95%CI = 1.307–6.910) and TCGA cohort
(p = 0.001, HR = 1.835, 95%CI = 1.299–2.593), as well as in the
multivariate Cox regression analyses after adjusting for age,
gender, and TNM stage (Table 3).

The Ti-lncRNA signature was analyzed for its associations
with the prognostic outcomes of 32 malignancies using the pan-
A

C

B

D

E F

FIGURE 3 | Validation of the prognostic effect of the Ti-lncRNA signature in patients from TCGA, FUSCC, GSE41613, and GSE42743. (A–F) Differences in OS and
the predictive effect of the signature risk score were analyzed in the whole TCGA cohort (A, B), the FUSCC cohort (C, D), and the GSE41613 and GSE42743
cohorts (E, F). lncRNA, long non-coding RNA; Ti-lncRNA, tumor-infiltrating immune-related lncRNA; TCGA, The Cancer Genome Atlas; FUSCC, Fudan University
Shanghai Cancer Center; OS, overall survival.
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TABLE 2 | Univariate and multivariate Cox regression analyses of overall survival in the datasets.

Variables Univariate analysis Multivariate analysis

HR 95%CI of HR p-value HR 95%CI of HR p-value

TCGA
lncRNAsig (high/low) 1.996 1.513–2.633 <0.001 2.214 1.669–2.939 <0.001
Age 1.021 1.008–1.033 <0.001 1.024 1.011–1.037 <0.001
Gender (male/female) 0.751 0.563–1.000 0.050 0.798 0.594–1.073 0.136
TNM stage (I/II vs. III/IV) 1.216 0.877–1.685 0.242 1.259 0.906–1.748 0.170

GSE41613
lncRNAsig (high/low) 2.185 1.230–3.882 0.008 1.76812 0.980–3.192 0.059
Age groupa 0.924 0.689–1.239 0.598 0.9365 0.685–1.281 0.681
Gender (male/female) 1.123 0.621–2.029 0.702 1.11925 0.618–2.029 0.710
TNM stage (I/II vs. III/IV) 3.829 1.959–7.485 <0.001 3.36525 1.699–6.666 <0.001

GSE42743
lncRNAsig (high/low) 1.892 1.019–3.512 0.043 1.91053 1.003–3.641 0.049
Age 1.004 0.980–1.028 0.764 1.013 0.988–1.038 0.305
Gender (male/female) 0.676 0.337–1.355 0.270 0.56938 0.281–1.154 0.118
TNM stage (I/II vs. III/IV) 2.917 1.210–7.034 0.017 3.09155 1.259–7.590 0.014

FUSCC
lncRNAsig (high/low) 2.636 1.132–6.137 0.025 2.4945 1.058–5.881 0.037
Age 1.016 0.971–1.063 0.505 1.0137 0.967–1.063 0.574
Gender (male/female) 0.751 0.256–2.205 0.602 0.8999 0.301–2.695 0.851
TNM stage (I/II vs. III/IV) 2.276 0.777–6.667 0.134 2.3862 0.801–7.107 0.118
Frontiers in Immunology | www.frontier
sin.org 7
 October
 2021 | Volume 12 | Article
HR, hazard ratio; CI, confidence interval; lncRNAsig, long non-coding RNA signature; TCGA, The Cancer Genomics Atlas; TNM, tumor node metastasis; FUSCC, Fudan University
Shanghai Cancer Center.
aAge groups: 19–39 years, 40–49 years, 50–59 years, and 60–68 years.
Bold type indicates statistical significance.
A

C D

B

FIGURE 4 | Associations of the Ti-lncRNA signature with DFS in patients from TCGA and FUSCC. (A–D) Differences in DFS and the predictive effect of the
signature risk score were analyzed in TCGA cohort (A, B) and in the FUSCC cohort (C, D). lncRNA, long non-coding RNA; Ti-lncRNA, tumor-infiltrating immune-
related lncRNA; DFS, disease-free survival; TCGA, The Cancer Genome Atlas; FUSCC, Fudan University Shanghai Cancer Center.
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cancer TCGA data as well, of which 18 malignancies
demonstrated increased disease risk patients with high
signature risk scores compared to those with low risk scores,
especially including kidney renal papillary cell carcinoma
(KIRP), lung adenocarcinoma (LUAD), and pancreatic
adenocarcinoma (PAAD) (Supplementary Figure S4).

Correlations of the Ti-lncRNA Signature
With Clinicopathological Features, Genetic
Mutations, Hypoxia, CAF, and TAM in TME
Using the cohort data from TCGA, we analyzed the correlations
of the Ti-lncRNA signature with the clinicopathological features,
genetic mutations, hypoxia, CAF, and TAM in TME. The Ti-
lncRNA signature showed no statistical associations with gender,
alcohol history, HPV status, TNM stage, and histological grade,
except for age. In the analyses of the factors affecting the Ti-
lncRNA signature, hypoxia (p < 0.001) and TP53 (p < 0.001) and
CDKN2A (p = 0.048) mutations showed significant associations
with a high signature score, while SYNE1 mutation (p = 0.003)
occurred more frequently in patients with low risk scores than in
those with high risk scores (Figure 5 and Supplementary Table
S3). CAF and TAM failed to have an impact on the Ti-lncRNA
signature. After adjusting for age, sex, alcohol history, hypoxia,
and TP53, CDKN2A, and SYNE1 mutations, the multivariate
logistic regression analysis showed that hypoxia (p < 0.001) and
TP53 mutation (p = 0.001) were independent risk factors for
patients with a high signature score, whereas SYNE1 mutation
was an independent protect ive factor (p = 0.004)
(Supplementary Table S3).

The Ti-lncRNA Signature and
Immunotherapy Response
To investigate the predictive effect of the Ti-lncRNA signature on
blockade therapy of immune checkpoints, we initially analyzed
the relationship between the signature score and the expression
of immune checkpoints in HNSCC. As shown in Figures 5, 6A,
the signature score showed a negative correlation with the
expressions of PDCD1 and CTLA4 (Supplementary Table S3).
We also utilized an expanded IGS consisting of 18 genes that can
be predictive of the response to anti-PD-1 therapy for HNSCC in
Frontiers in Immunology | www.frontiersin.org 8
order to verify the value of the Ti-lncRNA signature on the
evaluation of immunotherapy response (41). Consistently,
HNSCC patients with low signature scores demonstrated
increased expended IGS scores, suggesting an effective response
to anti-PD-1 therapy (Figures 5, 6A and Supplementary Table
S3). Moreover, using available data of melanoma patients
undergoing immunotherapy, it was found that anti-PD-1
therapy tended to achieve good responses in patients with low
Ti-lncRNA signature scores (Figure 6B).

Integrating the Ti-lncRNA signature and immune
checkpoints to analyze their impacts on the prognoses of
patients, we found that a high signature score was significantly
associated with a reduced OS independent of the level of PDCD1
or CTLA4 or the expanded IGS score (Figure 6C). Patients with
the combination of a high signature risk score and a low level of
PDCD1 or CTLA4 or expanded IGS score had the worst survival
prognosis, while those with a low risk score and a high level of
the immune factor had extended survival time.
DISCUSSION

In addition to the existing FDA-approved PD-1 inhibitors,
nivolumab and pembrolizumab, emerging agents targeting PD-
1 and CTLA4 are under ongoing clinical trials for HNSCC
patients (3). So far, limited knowledge on tumor-infiltrating
immune cells has confined the ability to effectively predict the
effects of immunotherapy. Although some studies have reported
that lncRNAs in immune cells play critical roles in tumor cell–
immune cell interactions (12, 13), the roles of lncRNAs remain
unclear in tumor-infiltrating immune cells of HNSCC. Due to
the temporal and spatial specificity of the expressions of
lncRNAs in human cells, tissues, and organs, alterations in
their expressions can be well predictive of the state of cells and
their response to stimuli (12, 42, 43). The present study aimed to
explore the characteristics of lncRNA expressions in HNSCC-
infiltrating immune cells in order to screen out a lncRNA
signature that can clinically reflect survival prognoses and
effectively predict response to therapy targeting immune
checkpoints for HNSCC.
TABLE 3 | Univariate and multivariate Cox regression analyses of disease-free survival in the datasets.

Variable Univariate analysis Multivariate analysis

HR 95%CI of HR p-value HR 95%CI of HR p-value

TCGA
lncRNAsig (high/low) 1.707 1.221–2.385 <0.001 1.835 1.299–2.593 0.001
Age 1.012 0.996–1.028 <0.001 1.017 1.000–1.034 0.051
Gender (male/female) 0.959 0.654–1.406 0.829 0.967 0.649–1.442 0.871
TNM stage (I/II vs. III/IV) 1.369 0.884–2.119 0.159 1.428 0.918–2.222 0.114

FUSCC
lncRNAsig (high/low) 3.336 1.472–7.562 0.004 3.005 1.307–6.910 0.010
Age 1.015 0.974–1.059 0.480 1.011 0.967–1.057 0.625
Gender (male/female) 0.669 0.254–1.764 0.417 0.782 0.290–2.108 0.627
TNM stage (I/II vs. III/IV) 2.613 0.902–7.563 0.077 2.698 0.918–7.928 0.071
Octobe
r 2021 | Volume 12 | Article
HR, hazard ratio; CI, confidence interval; lncRNAsig, long non-coding RNA signature; TCGA, The Cancer Genomics Atlas; TNM, tumor node metastasis; FUSCC, Fudan University
Shanghai Cancer Center.
Bold type indicates statistical significance.
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Therefore, to our knowledge, this is the first time a novel model
was built for the lncRNA expression patterns of tumor-infiltrating
immune cells in HNSCC. Specific expressions of lncRNAs were
initially evaluated in 19 types of immune cells, and then the top 10%
lncRNAs were selected in each immune cell type. Each lncRNA was
further analyzed for its cell and tissue specificity index. Comparison
analyses of the lncRNAs between 19 immune cell types andHNSCC
cell lines identified the upregulated lncRNAs in immune cells, which
were then validated in HNSCC patients for their prognostic
associations in order to develop a prognostic lncRNA model of
immune cells for HNSCC. As a result, a signature of nine lncRNAs
was discovered in the training cohort of TCGA and validated in the
test cohort.

The Ti-lncRNA signature was demonstrated to be a prognostic
predictor for HNSCC patients among the TCGA, FUSCC,
GSE41613, and GSE42743 cohorts. A high signature score was an
independent risk factor for both death and recurrence in HNSCC
patients. In addition, the signature was confirmed to be associated
with the prognoses of patients for multiple types of cancers in the
pan-cancer analyses, suggesting its efficacy as a prognostic factor for
cancer. The significant correlations of the Ti-lncRNA signature with
Frontiers in Immunology | www.frontiersin.org 9
poor prognoses may be attributed to the alterations of the
expressions of Ti-lncRNAs associated with immunosuppressive
TME, which could either affect the activated state of tumor-
infiltrating immune cells or receive tumor–stromal crosstalk
signaling from aggressive cancer cells.

It is well known that the intricate interaction between tumor cells
and stromal cells within the TME contributes to immune evasion
and immunotherapy resistance (44–46). In our study, a high
signature score was found to be positively correlated with
mutations in TP53 and CDKN2A, the most frequently altered
tumor suppressor genes in HNSCC. In addition to its significant
associations with shortened survival time and resistance to
radiotherapy and chemotherapy (47), TP53 mutation has been
recently reported by Zhang et al. to be indicative of poor response
to immunotherapy in HNSCC (48), which supports the signature as
a potential predictor for prognoses and immunotherapy response.
Immunosuppressive TME is characterized by enriched CAFs,
TAMs, T regulatory cells, myeloid-derived suppressor cells, and
hypoxia, leading to tumor progression and reduced responses to
pembrolizumab and nivolumab (49). Therefore, we explored the
correlations of the signature score with the CAF, TAM, and hypoxia
FIGURE 5 | Patients from TCGA cohort with high and low Ti-lncRNA scores were ranked by clinicopathological factors, genetic mutations, the hypoxia, CAF, and
TAM scores, PDCD1 and CTLA4 expressions, and the expanded IGS score. *p < 0.05, **p < 0.01, ***p < 0.001. lncRNA, long non-coding RNA; Ti-lncRNA, tumor-
infiltrating immune-related lncRNA; TCGA, The Cancer Genome Atlas; CAF, cancer-associated fibroblast; TAM, tumor-associated macrophage; IGS, immune gene
signature.
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scores as well. Patients with high signature scores tended to stay at
high hypoxia status. There was no statistical association of the
signature score with the CAF and TAM scores in our study. It is
interesting to find that TP53 mutation in tumor cells and hypoxia
within the TME can affect the signature score independently. A
series of studies have revealed that TP53 mutation confers an
immunosuppressive phenotype in multiple tumors (50–52).
Hypoxia also plays a pivotal role in immunosuppressive effect in
a variety of ways, such as reducing the activities of cytotoxic T cells
and natural killer (NK) cells, increasing the release of
immunosuppressive cytokines, and inducing the expressions of
immune checkpoint inhibitors (53, 54). These outcomes may
suggest that tumor cells harboring TP53 mutations alter the
lncRNA expression patterns through crosstalk with immune cells
and that hypoxia significantly induces the expressions of the
signature lncRNAs in immune cells.

The signature score has been confirmed to be negatively
correlated with the expressions of PDCD1 and CTLA4,
suggesting that the signature score can provide evidence for
determining blockade therapy of immune checkpoints. Ayers
et al. described the expanded IGS consisting of 18 genes, and a
high expanded IGS was associated with the clinical response to
PD-1 blockade for HNSCC patients in a previous study (41). The
correlation of a low signature score with a high expanded IGS
further verified its predictive effect for anti-PD-1 response.
Consistent with the above results, patients with low signature
scores showed clinical response to anti-PD-1 therapy in
Frontiers in Immunology | www.frontiersin.org 10
melanoma. Thus, our study reveals that a low signature score
is indicative of response to blockade of immune checkpoints,
while a high score means increased risk of therapeutic resistance.
This finding can be explained by the following aspects: on one
hand, a majority of the activated immune cell signaling pathways
were enriched in patients with low signature scores, as described
in the context; on the other hand, PDCD1 and CTLA4 exhibited
high expressions in patients with low signature scores.

Finally, we have to stress that some limitations exist in the
present study. Because our clinical trials of anti-PD-1 therapy are
ongoing, it is not available for us to evaluate the predictive effect
of the Ti-lncRNA signature on therapeutic response to
immunotherapy. Although the signature is a potent indicator
of immunotherapy response, the molecular mechanisms of the
nine lncRNAs in immunosuppressive TME remain unclear.
Therefore, the next step is to validate the predictive value of
this signature in our patients undergoing immunotherapy; an
RNA scope will be performed to determine the localization and
distribution of the nine Ti-lncRNAs in immune cells. Moreover,
the Ti-lncRNAs specifically localized in cytotoxic T lymphocytes
will be selected with priority according to the results of the RNA
scope, which will be further investigated for their biological
functions in the transformation between immunoactivation
and immunosuppression and the crosstalk between tumor cells
and immune cells.

In summary, the Ti-lncRNA signature was identified as a
prognostic factor independent of the TNM stage, PDCD1,
A

C

B

FIGURE 6 | Ti-lncRNA signature and immunotherapy response. (A) Associations of the signature risk score with the expression of PDCD1 and CTLA4 and the
expanded IGS score. (B) Sub-map analyses of the Ti-lncRNA signature in melanoma patients undergoing blockade therapy of PD-1 and CTLA4. (C) Kaplan–Meier
survival curves of OS among four patient groups stratified by the Ti-lncRNA signature, PDCD1 and CTLA-4 expressions, and the expanded IGS scores. lncRNA,
long non-coding RNA; Ti-lncRNA, tumor-infiltrating immune-related lncRNA; TCGA, The Cancer Genome Atlas; CAF, cancer-associated fibroblast; TAM, tumor-
associated macrophage; IGS, immune gene signature; OS, overall survival.
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CTLA4, and the expanded IGS, which may become a potential
clinical indicator of therapeutic response to anti-PD-1/PD-L1
and anti-CTLA4 therapies.
DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/Supplementary Material.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Medical Ethics Committee of Fudan University
Shanghai Cancer Center. The patients/participants provided
their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS

YW, QJ, CD, and BM designed the study. BM, HJ, YL, and TL
were responsible for performing experiments. BM and HJ
performed data analyses. WX and XW contributed to the
collection of surgical samples and clinical information and the
data preparation. BM and CD wrote the manuscript. YW and QJ
revised the paper. All authors contributed to the article and
approved the submitted version.
FUNDING

The study was supported by the National Natural Science
Foundation of China (82072951 to YW), the Science and
Frontiers in Immunology | www.frontiersin.org 11
Technology Commission of Shanghai Municipal i ty
(19411966600 to YW), and the Shanghai Anticancer
Association (SACA-AX106 to YW and SACA-CY19B01 to BM).
ACKNOWLEDGMENTS

We thank the Cancer Cell Line Encyclopedia (CCLE) project, the
cBioPortal for Cancer Genomics, and the GEO platform
of NCBI.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2021.
692079/full#supplementary-material

Supplementary Figure 1 | Heatmap of differential expression pattern observed in
19 immune cell types.

Supplementary Figure 2 | The immune cell specificity of the nine lncRNAs.

Supplementary Figure 3 | The Ti-lncRNA signature’s associations with
prognostic outcomes of 32 malignancies. (A) Hazards ratios (HR) with 95%
confidence interval (CI) of the signature were calculated in the analyses of OS in 32
malignancies by using the pan-cancer TCGA data; (B-D) OS difference of the
signature risk score was analyzed in kidney renal papillary cell carcinoma (KIRP) (B),
lung adenocarcinoma (LUAD) (C) and pancreatic adenocarcinoma (PAAD) (D).

Supplementary Table 1 | Primer sequence of the Ti-lncRNA signature genes,
and hypoxia and CAF signature.

Supplementary Table 2 | LncRNA landscape of HNSCC-infiltrating immune
cells.

Supplementary Table 3 | Tissue specificity index (TSI) scores of the nine
lncRNAs included in our signature and associations of the Ti-lncRNA signature with
clinicopathological and molecular factors.
REFERENCES
1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global

Cancer Statistics 2018: GLOBOCAN Estimates of Incidence and Mortality
Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin (2018) 68
(6):394–424. doi: 10.3322/caac.21492

2. Ferlay J, ColombetM, Soerjomataram I,Mathers C, Parkin DM, PinerosM, et al.
Estimating the Global Cancer Incidence and Mortality in 2018: GLOBOCAN
Sources andMethods. Int J Cancer (2019) 144(8):1941–53. doi: 10.1002/ijc.31937

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

4. Zhang LW, Li J, Cong X, Hu XS, Li D, Wu LL, et al. Incidence and Mortality
Trends in Oral and Oropharyngeal Cancers in China, 2005-2013. Cancer
Epidemiol (2018) 57:120–26. doi: 10.1016/j.canep.2018.10.014

5. Fakhry C, Zhang Q, Nguyen-Tan PF, Rosenthal D, El-Naggar A, Garden AS,
et al. Human Papillomavirus and Overall Survival After Progression of
Oropharyngeal Squamous Cell Carcinoma. J Clin Oncol (2014) 32
(30):3365–73. doi: 10.1200/JCO.2014.55.1937

6. Lee AW, Law SC, FooW, Poon YF, Cheung FK, Chan DK, et al. Retrospective
Analysis of Patients With Nasopharyngeal Carcinoma Treated During 1976-
1985: Survival After Local Recurrence. Int J Radiat Oncol Biol Phys (1993) 26
(5):773–82. doi: 10.1016/0360-3016(93)90491-D
7. Yu GT, Mao L, Wu L, Deng WW, Bu LL, Liu JF, et al. Inhibition of SRC
Family Kinases Facilitates Anti-CTLA4 Immunotherapy in Head and Neck
Squamous Cell Carcinoma. Cell Mol Life Sci (2018) 75(22):4223–34. doi:
10.1007/s00018-018-2863-3

8. Yu GT, Bu LL, Zhao YY, Mao L, Deng WW, Wu TF, et al. CTLA4 Blockade
Reduces Immature Myeloid Cells in Head and Neck Squamous Cell Carcinoma.
Oncoimmunology (2016) 5(6):e1151594. doi: 10.1080/2162402X.2016.1151594

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

10. Ferris RL, Blumenschein G Jr, Fayette J, Guigay J, Colevas AD, Licitra L, et al.
Nivolumab for Recurrent Squamous-Cell Carcinoma of the Head and Neck.
N Engl J Med (2016) 375(19):1856–67. doi: 10.1056/NEJMoa1602252

11. Burtness B, Harrington KJ, Greil R, Soulieres D, Tahara M, de Castro G Jr, et al.
Pembrolizumab Alone or With Chemotherapy Versus Cetuximab With
Chemotherapy for Recurrent or Metastatic Squamous Cell Carcinoma of the
Head and Neck (KEYNOTE-048): A Randomised, Open-Label, Phase 3 Study.
Lancet (2019) 394(10212):1915–28. doi: 10.1016/S0140-6736(19)32591-7

12. Hu Q, Egranov SD, Lin C, Yang L. Long Noncoding RNA Loss in Immune
Suppression in Cancer. Pharmacol Ther (2020) 213:107591. doi: 10.1016/
j.pharmthera.2020.107591
October 2021 | Volume 12 | Article 692079

https://www.frontiersin.org/articles/10.3389/fimmu.2021.692079/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2021.692079/full#supplementary-material
https://doi.org/10.3322/caac.21492
https://doi.org/10.1002/ijc.31937
https://doi.org/10.1038/s41572-020-00224-3
https://doi.org/10.1016/j.canep.2018.10.014
https://doi.org/10.1200/JCO.2014.55.1937
https://doi.org/10.1016/0360-3016(93)90491-D
https://doi.org/10.1007/s00018-018-2863-3
https://doi.org/10.1080/2162402X.2016.1151594
https://doi.org/10.1016/S1470-2045(16)30066-3
https://doi.org/10.1056/NEJMoa1602252
https://doi.org/10.1016/S0140-6736(19)32591-7
https://doi.org/10.1016/j.pharmthera.2020.107591
https://doi.org/10.1016/j.pharmthera.2020.107591
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Ma et al. Ti-lncRNAs in HNSCC
13. Vishnubalaji R, Shaath H, Elango R, Alajez NM. Noncoding RNAs as
Potential Mediators of Resistance to Cancer Immunotherapy. Semin Cancer
Biol (2020) 65:65–79. doi: 10.1016/j.semcancer.2019.11.006

14. Zhang Y, Ohyashiki JH, Shimizu N, Ohyashiki K. Aberrant Expression of
NK Cell Receptors in Epstein-Barr Virus-Positive Gammadelta T-Cell
Lymphoproliferative Disorders. Hematology (2010) 15(1):43–7. doi: 10.1179/
102453310X12583347009450

15. Jansen BJ, Sama IE, Eleveld-Trancikova D, van Hout-Kuijer MA, Jansen JH,
Huynen MA, et al. MicroRNA Genes Preferentially Expressed in Dendritic Cells
Contain Sites for Conserved Transcription Factor Binding Motifs in Their
Promoters. BMC Genomics (2011) 12:330. doi: 10.1186/1471-2164-12-330

16. Ekstrom K, Valadi H, Sjostrand M, Malmhall C, Bossios A, Eldh M, et al.
Characterization of mRNA and microRNA in Human Mast Cell-Derived
Exosomes and Their Transfer to Other Mast Cells and Blood CD34 Progenitor
Cells. J Extracell Vesicles (2012) 1. doi: 10.3402/jev.v1i0.18389

17. Pont F, Familiades J, Dejean S, Fruchon S, Cendron D, Poupot M, et al. The
Gene Expression Profile of Phosphoantigen-Specific Human Gammadelta T
Lymphocytes is a Blend of Alphabeta T-Cell and NK-Cell Signatures. Eur J
Immunol (2012) 42(1):228–40. doi: 10.1002/eji.201141870

18. Tosolini M, Pont F, Betous D, Ravet E, Ligat L, Lopez F, et al. Human
Monocyte Recognition of Adenosine-Based Cyclic Dinucleotides Unveils the
A2a Galphas Protein-Coupled Receptor Tonic Inhibition of Mitochondrially
Induced Cell Death. Mol Cell Biol (2015) 35(2):479–95. doi: 10.1128/MCB.
01204-14

19. Garg TK, Szmania SM, Khan JA, Hoering A, Malbrough PA, Moreno-Bost A,
et al. Highly Activated and Expanded Natural Killer Cells for Multiple
Myeloma Immunotherapy. Haematologica (2012) 97(9):1348–56. doi:
10.3324/haematol.2011.056747

20. Allantaz F, Cheng DT, Bergauer T, Ravindran P, Rossier MF, Ebeling M,
et al. Expression Profiling of Human Immune Cell Subsets Identifies
miRNA-mRNA Regulatory Relationships Correlated With Cell Type
Specific Expression. PloS One (2012) 7(1):e29979. doi: 10.1371/journal.
pone.0029979

21. Montano-Almendras CP, Essaghir A, Schoemans H, Varis I, Noel LA, Velghe
AI, et al. ETV6-PDGFRB and FIP1L1-PDGFRA Stimulate Human
Hematopoietic Progenitor Cell Proliferation and Differentiation Into
Eosinophils: The Role of Nuclear factor-kappaB. Haematologica (2012) 97
(7):1064–72. doi: 10.3324/haematol.2011.047530

22. Constantinides MG, Picard D, Savage AK, Bendelac A. A Naive-Like
Population of Human CD1d-Restricted T Cells Expressing Intermediate
Levels of Promyelocytic Leukemia Zinc Finger. J Immunol (2011) 187
(1):309–15. doi: 10.4049/jimmunol.1100761

23. Aung LL, Brooks A, Greenberg SA, Rosenberg ML, Dhib-Jalbut S, Balashov
KE. Multiple Sclerosis-Linked and Interferon-Beta-Regulated Gene
Expression in Plasmacytoid Dendritic Cells. J Neuroimmunol (2012) 250(1-
2):99–105. doi: 10.1016/j.jneuroim.2012.05.013

24. Malcolm KC, Nichols EM, Caceres SM, Kret JE, Martiniano SL, Sagel SD,
et al. Mycobacterium Abscessus Induces a Limited Pattern of Neutrophil
Activation That Promotes Pathogen Survival. PloS One (2013) 8(2):e57402.
doi: 10.1371/journal.pone.0057402

25. Nagy LH, Grishina I, Macal M, Hirao LA, Hu WK, Sankaran-Walters S, et al.
Chronic HIV Infection Enhances the Responsiveness of Antigen Presenting
Cells to Commensal Lactobacillus. PloS One (2013) 8(8):e72789. doi: 10.1371/
journal.pone.0072789

26. Mabbott NA, Baillie JK, Brown H, Freeman TC, Hume DA. An Expression Atlas
of Human Primary Cells: Inference of Gene Function From Coexpression
Networks. BMC Genomics (2013) 14:632. doi: 10.1186/1471-2164-14-632

27. Evans HG, Roostalu U, Walter GJ, Gullick NJ, Frederiksen KS, Roberts CA,
et al. TNF-Alpha Blockade Induces IL-10 Expression in Human CD4+ T
Cells. Nat Commun (2014) 5:3199. doi: 10.1038/ncomms4199

28. Martinez-Cingolani C, Grandclaudon M, Jeanmougin M, Jouve M, Zollinger
R, Soumelis V. Human Blood BDCA-1 Dendritic Cells Differentiate Into
Langerhans-Like Cells With Thymic Stromal Lymphopoietin and TGF-Beta.
Blood (2014) 124(15):2411–20. doi: 10.1182/blood-2014-04-568311

29. Ricciardi A, Elia AR, Cappello P, Puppo M, Vanni C, Fardin P, et al.
Transcriptome of Hypoxic Immature Dendritic Cells: Modulation of
Chemokine/Receptor Expression. Mol Cancer Res (2008) 6(2):175–85. doi:
10.1158/1541-7786.MCR-07-0391
Frontiers in Immunology | www.frontiersin.org 12
30. Dybkaer K, Iqbal J, Zhou G, Geng H, Xiao L, Schmitz A, et al. Genome Wide
Transcriptional Analysis of Resting and IL2 Activated Human Natural Killer
Cells: Gene Expression Signatures Indicative of Novel Molecular Signaling
Pathways. BMC Genomics (2007) 8:230. doi: 10.1186/1471-2164-8-230

31. Lohavanichbutr P, Mendez E, Holsinger FC, Rue TC, Zhang Y, Houck J, et al.
A 13-Gene Signature Prognostic of HPV-Negative OSCC: Discovery and
External Validation. Clin Cancer Res (2013) 19(5):1197–203. doi: 10.1158/
1078-0432.CCR-12-2647

32. Cerami E, Gao J, Dogrusoz U, Gross BE, Sumer SO, Aksoy BA, et al. The Cbio
Cancer Genomics Portal: An Open Platform for Exploring Multidimensional
Cancer Genomics Data. Cancer Discov (2012) 2(5):401–4. doi: 10.1158/2159-
8290.CD-12-0095

33. Jiang H, Ma B, Xu W, Luo Y, Wang X, Wen S, et al. A Novel Three-lncRNA
Signature Predicts the Overall Survival of HNSCC Patients. Ann Surg Oncol
(2020) 28(6):3396–406. doi: 10.1245/s10434-020-09210-1

34. Nurmik M, Ullmann P, Rodriguez F, Haan S, Letellier E. In Search of
Definitions: Cancer-Associated Fibroblasts and Their Markers. Int J Cancer
(2020) 146(4):895–905. doi: 10.1002/ijc.32193

35. Wen S, Qu N,Ma B, Wang X, Luo Y, XuW, et al. Cancer-Associated Fibroblasts
Positively Correlate With Dedifferentiation and Aggressiveness of Thyroid
Cancer. Onco Targets Ther (2021) 14:1205–17. doi: 10.2147/OTT.S294725

36. Buffa FM, Harris AL, West CM, Miller CJ. Large Meta-Analysis of Multiple
Cancers Reveals a Common, Compact and Highly Prognostic Hypoxia
Metagene. Br J Cancer (2010) 102(2):428–35. doi: 10.1038/sj.bjc.6605450

37. Bhandari V, Hoey C, Liu LY, Lalonde E, Ray J, Livingstone J, et al. Molecular
Landmarks of Tumor Hypoxia Across Cancer Types. Nat Genet (2019) 51
(2):308–18. doi: 10.1038/s41588-018-0318-2

38. Aran D, Hu Z, Butte AJ. Xcell: Digitally Portraying the Tissue Cellular Heterogeneity
Landscape. Genome Biol (2017) 18(1):220. doi: 10.1186/s13059-017-1349-1

39. Ma B, Jiang H, Wen D, Hu J, Han L, Liu W, et al. Transcriptome Analyses
Identify a Metabolic Gene Signature Indicative of Dedifferentiation of
Papillary Thyroid Cancer. J Clin Endocrinol Metab (2019) 104(9):3713–25.
doi: 10.1210/jc.2018-02686

40. Subramanian A, Tamayo P, Mootha VK, Mukherjee S, Ebert BL, Gillette MA,
et al. Gene Set Enrichment Analysis: A Knowledge-Based Approach for
Interpreting Genome-Wide Expression Profiles. Proc Natl Acad Sci USA
(2005) 102(43):15545–50. doi: 10.1073/pnas.0506580102

41. Ayers M, Lunceford J, NebozhynM, Murphy E, Loboda A, Kaufman DR, et al.
IFN-Gamma-Related mRNA Profile Predicts Clinical Response to PD-1
Blockade. J Clin Invest (2017) 127(8):2930–40. doi: 10.1172/JCI91190

42. Ransohoff JD, Wei Y, Khavari PA. The Functions and Unique Features of
Long Intergenic non-Coding RNA. Nat Rev Mol Cell Biol (2018) 19(3):143–
57. doi: 10.1038/nrm.2017.104

43. Schmitt AM, Chang HY. Long Noncoding RNAs in Cancer Pathways. Cancer
Cell (2016) 29(4):452–63. doi: 10.1016/j.ccell.2016.03.010

44. Binnewies M, Roberts EW, Kersten K, Chan V, Fearon DF, Merad M, et al.
Understanding the Tumor Immune Microenvironment (TIME) for Effective
Therapy. Nat Med (2018) 24(5):541–50. doi: 10.1038/s41591-018-0014-x

45. Garner H, de Visser KE. Immune Crosstalk in Cancer Progression and
Metastatic Spread: A Complex Conversation. Nat Rev Immunol (2020) 20
(8):483–97. doi: 10.1038/s41577-019-0271-z

46. Haas-Jobelius M, Coulston F, Korte F. Effects of Short-Term Inhalation
Exposure to 1-Nitropropane and 2-Nitropropane on Rat Liver Enzymes.
Ecotoxicol Environ Saf (1992) 23(3):253–9. doi: 10.1016/0147-6513(92)90075-E

47. Zhou G, Liu Z, Myers JN. TP53 Mutations in Head and Neck Squamous Cell
Carcinoma and Their Impact on Disease Progression and Treatment
Response. J Cell Biochem (2016) 117(12):2682–92. doi: 10.1002/jcb.25592

48. Zhang Y, Lin A, Li Y, Ding W, Meng H, Luo P, et al. Age and Mutations as
Predictors of the Response to Immunotherapy in Head and Neck Squamous Cell
Cancer. Front Cell Dev Biol (2020) 8:608969. doi: 10.3389/fcell.2020.608969

49. Economopoulou P, Kotsantis I, Psyrri A. Tumor Microenvironment and
Immunotherapy Response in Head and Neck Cancer. Cancers (Basel) (2020)
12(11):3377. doi: 10.3390/cancers12113377

50. Jiang Z, Liu Z, Li M, Chen C, Wang X. Immunogenomics Analysis Reveals
That TP53 Mutations Inhibit Tumor Immunity in Gastric Cancer. Transl
Oncol (2018) 11(5):1171–87. doi: 10.1016/j.tranon.2018.07.012

51. Lyu Q, Lin A, Cao M, Xu A, Luo P, Zhang J. Alterations in TP53 Are a
Potential Biomarker of Bladder Cancer Patients Who Benefit From Immune
October 2021 | Volume 12 | Article 692079

https://doi.org/10.1016/j.semcancer.2019.11.006
https://doi.org/10.1179/102453310X12583347009450
https://doi.org/10.1179/102453310X12583347009450
https://doi.org/10.1186/1471-2164-12-330
https://doi.org/10.3402/jev.v1i0.18389
https://doi.org/10.1002/eji.201141870
https://doi.org/10.1128/MCB.01204-14
https://doi.org/10.1128/MCB.01204-14
https://doi.org/10.3324/haematol.2011.056747
https://doi.org/10.1371/journal.pone.0029979
https://doi.org/10.1371/journal.pone.0029979
https://doi.org/10.3324/haematol.2011.047530
https://doi.org/10.4049/jimmunol.1100761
https://doi.org/10.1016/j.jneuroim.2012.05.013
https://doi.org/10.1371/journal.pone.0057402
https://doi.org/10.1371/journal.pone.0072789
https://doi.org/10.1371/journal.pone.0072789
https://doi.org/10.1186/1471-2164-14-632
https://doi.org/10.1038/ncomms4199
https://doi.org/10.1182/blood-2014-04-568311
https://doi.org/10.1158/1541-7786.MCR-07-0391
https://doi.org/10.1186/1471-2164-8-230
https://doi.org/10.1158/1078-0432.CCR-12-2647
https://doi.org/10.1158/1078-0432.CCR-12-2647
https://doi.org/10.1158/2159-8290.CD-12-0095
https://doi.org/10.1158/2159-8290.CD-12-0095
https://doi.org/10.1245/s10434-020-09210-1
https://doi.org/10.1002/ijc.32193
https://doi.org/10.2147/OTT.S294725
https://doi.org/10.1038/sj.bjc.6605450
https://doi.org/10.1038/s41588-018-0318-2
https://doi.org/10.1186/s13059-017-1349-1
https://doi.org/10.1210/jc.2018-02686
https://doi.org/10.1073/pnas.0506580102
https://doi.org/10.1172/JCI91190
https://doi.org/10.1038/nrm.2017.104
https://doi.org/10.1016/j.ccell.2016.03.010
https://doi.org/10.1038/s41591-018-0014-x
https://doi.org/10.1038/s41577-019-0271-z
https://doi.org/10.1016/0147-6513(92)90075-E
https://doi.org/10.1002/jcb.25592
https://doi.org/10.3389/fcell.2020.608969
https://doi.org/10.3390/cancers12113377
https://doi.org/10.1016/j.tranon.2018.07.012
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Ma et al. Ti-lncRNAs in HNSCC
Checkpoint Inhibition. Cancer Control (2020) 27(1):1073274820976665. doi:
10.1177/1073274820976665

52. Sallman DA, McLemore AF, Aldrich AL, Komrokji RS, McGraw KL, Dhawan
A, et al. TP53 Mutations in Myelodysplastic Syndromes and Secondary AML
Confer an Immunosuppressive Phenotype. Blood (2020) 136(24):2812–23.
doi: 10.1182/blood.2020006158

53. Kumar V, Gabrilovich DI. Hypoxia-Inducible Factors in Regulation of
Immune Responses in Tumour Microenvironment. Immunology (2014) 143
(4):512–9. doi: 10.1111/imm.12380

54. Multhoff G, Vaupel P. Hypoxia Compromises Anti-Cancer Immune
Responses. Adv Exp Med Biol (2020) 1232:131–43. doi: 10.1007/978-3-030-
34461-0_18

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.
Frontiers in Immunology | www.frontiersin.org 13
The reviewer LT declared a shared affiliation with the authors to the handling
editor at the time of the review.

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

Copyright © 2021 Ma, Jiang, Luo, Liao, Xu, Wang, Dong, Ji and Wang. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
October 2021 | Volume 12 | Article 692079

https://doi.org/10.1177/1073274820976665
https://doi.org/10.1182/blood.2020006158
https://doi.org/10.1111/imm.12380
https://doi.org/10.1007/978-3-030-34461-0_18
https://doi.org/10.1007/978-3-030-34461-0_18
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

	Tumor-Infiltrating Immune-Related Long Non-Coding RNAs Indicate Prognoses and Response to PD-1 Blockade in Head and Neck Squamous Cell Carcinoma
	Introduction
	Materials and Methods
	Transcriptional Data of Immune Cells and Tumor Cell Lines
	Microarray Data Processing
	Transcriptional Profiles of HNSCC Patients
	Development of a Ti-lncRNA Signature
	HNSCC Patients from FUSCC
	RNA Extraction and Expression Analyses of lncRNAs
	Hypoxia, Cancer-Associated Fibroblast, and Tumor-Associated Macrophage
	Gene Set Enrichment Analysis
	Statistical Analysis

	Results
	Identification of Ti-lncRNAs Specifically Altered in Immune Cells of HNSCC
	The Ti-lncRNA Signature as an Independent Prognostic Factor for HNSCC
	Correlations of the Ti-lncRNA Signature With Clinicopathological Features, Genetic Mutations, Hypoxia, CAF, and TAM in TME
	The Ti-lncRNA Signature and Immunotherapy Response

	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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


