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Background. Lysine crotonylation (Kcr) is a newly identified posttranslational modification type regulated by various enzymes and
coenzymes, including lysine crotonyltransferase, lysine decrotonylase, and binding proteins. However, the role of Kcr regulators in
head and neck squamous cell carcinoma (HNSCC) remains unknown. The aim of this study was to establish and validate a Kcr-
related prognostic signature of HNSCC and to assess the clinical predictive value of this signature. Methods. The mRNA
expression profiles and clinicopathological data from The Cancer Genome Atlas (TCGA) database were downloaded to explore
the clinical significance and prognostic value of these regulators in HNSCC. The least absolute shrinkage and selection
operator (LASSO) Cox regression model was used to generate the Kcr-related prognostic signature for HNSCC. Subsequently,
the GSE65858 dataset from the Gene Expression Omnibus (GEO) database was used to validate the signature. The prognostic
value of the signature was evaluated using the Kaplan-Meier survival, receiver operating characteristic (ROC) curve, and
univariate and multivariate Cox regression analyses. Results. We established a nine-gene risk signature associated with the
prognosis of HNSCC based on Kcr regulators. High-risk patients demonstrated significantly poorer overall survival (OS) than
low-risk patients in the training (TCGA) and validation (GEO) datasets. Then, the time-dependent receiver operating
characteristic (ROC) curve analysis showed that the nine-gene risk signature was more accurate for predicting the 5-year OS
than other clinical parameters, including age, gender, T stage, N stage, and histologic grade in the TCGA and GEO datasets.
Moreover, the Cox regression analysis showed that the constructed risk signature was an independent risk factor for HNSCC.
Conclusion. Our study identified and validated a nine-gene signature for HNSCC based on Kcr regulators. These results might
contribute to prognosis stratification and treatment escalation for HNSCC patients.

1. Introduction

Head and neck cancer ranks as the seventh most common
cancer worldwide in 2018, accounting for 3% of all malig-
nancies [1]. Head and neck squamous cell carcinomas
(HNSCC) are the most common malignancies in the head

and neck region, developing from the mucosal epithelium
in the oral cavity, pharynx, and larynx [2]. Despite consider-
able therapeutic advances in managing HNSCC, the overall
survival (OS) rate of HNSCC patients remained dismal in
recent decades [3, 4]. Currently, the TNM (tumor, node,
and metastasis) staging system established by the American
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Joint Committee on Cancer (AJCC) is used to classify
HNSCC and determine treatment modalities [5]. However,
the TNM stage performance is not ideal, as HNSCC patients
with the same TNM stage still differ in clinical outcomes.
Numerous efforts have been made to develop an optimal
tool for HNSCC risk stratification and prognosis prediction,
but no consensus has been achieved. With the rapid devel-
opment of next-generation sequencing technologies, inte-
grating prognostic gene signatures and traditional
clinicopathologic factors has shown an excellent advantage
for HNSCC prognosis prediction [2]. Therefore, developing
accurate and robust prognostic signatures is critical to help
oncologists optimize therapeutic strategies for HNSCC.

Posttranslational modification of proteins occurs in all
living organisms and has been increasingly recognized to
play a vital role in various biological processes, including
gene expression regulation, cell growth, embryo develop-
ment, and metabolism [6, 7]. As an amphipathic residue
with a hydrophobic side chain, lysine acylation neutralizes
the positive charge of the amino group, changing protein
conformation. Lysine acylations include acetylation, succi-
nylation, malonylation, glutarylation, crotonylation, and j3-
hydroxybutyrylation [8]. Lysine crotonylation (Kcr) is a
newly discovered posttranslational modification identified
on histones and nonhistones [9].

Lysine crotonylation is a dynamic reversible process
composed of crotonyltransferase complex (writers), decroto-
nylases (erasers), and binding proteins (readers). Crotonyl-
transferases, colloquially termed writers, promote the
covalent modification of Kcr proteins, including CBP/p300,
MOF, Gcen5, Esal, and PCAF [10-14]. In contrast, decroto-
nylases, colloquially termed erasers, remove the covalent
modification of Kecr proteins, including SIRTI, SIRT2,
SIRT3, HDAC1, HDAC2, HDAC3, and HDACS8 [15-17].
Readers are responsible for “reading” Kcr information and
participating in the recruitment of downstream readers, such
as TAF1, AF9, YEATS2, Taf14, MOZ, and DPF2 [18-21]. Pre-
viously, a quantitative proteomics study revealed that p300-
targeted Kcr substrates were potentially linked to cancer and
might act as carcinogenic factors to promote tumor progress
[22]. Additionally, p300 upregulates HNRNPA1 expression
by lysine crotonylation to promote the proliferation, invasion,
and migration of HeLa cells in vitro [23]. In hepatocellular car-
cinoma, lysine crotonylation expression is associated with
TNM stages. However, no correlation was found between
lysine crotonylation expression and the prognosis of patients
[24]. Currently, the underlying processes and molecular alter-
ations of lysine crotonylation in HNSCC remain unknown,
especially regarding its prognostic potential.

In the present study, we systematically analyzed the
expression patterns of 18 widely reported Kcr regulators in
491 HNSCC patients with RNA sequencing (RNA-seq) data
from The Cancer Genome Atlas (TCGA) database. We
explored their potential roles in HNSCC oncogenesis and
progression. Finally, a nine-gene risk signature was built to
stratify HNSCC prognoses based on TCGA cohort. This
robust prognostic signature was successfully validated in an
independent external cohort from the Gene Expression
Omnibus (GEO) database.

BioMed Research International

2. Materials and Methods

2.1. Data Acquisition. The RNA-seq transcriptome data nor-
malized by the Expectation-Maximization (RSEM) approach
of HNSCC and normal control samples and the correspond-
ing clinical data of HNSCC patients were retrieved from
TCGA (https://portal.gdc.cancer.gov/). The RNA expression
profiles of HNSCC samples and corresponding clinical data
in the GSE65858 dataset were acquired from the GEO data-
base. The clinicopathological information for TCGA and
GEO datasets is summarized in Supplementary Tables S1
and S2.

2.2. Selection of Kcr Regulators. First, we manually collected a
list of Kcr regulators from the literature [25-27]. The selec-
tion criteria for inclusion of Kcr regulators were (1) corre-
sponding regulatory mechanisms validated in vivo or
in vitro, (2) regulators implicated in various physiological
and pathological processes, and (3) available RNA expres-
sion data in TCGA and GEO datasets. Finally, we collected
18 Kcr regulators. The expression matrix of these genes
and the clinicopathological data of samples were extracted
and used for subsequent bioinformatics analysis. These
genes and corresponding aliases are listed in Supplementary
Table S3.

2.3. Differential Expression Analysis of Kcr Regulators. The
“limma” R package was used to screen differentially
expressed Kcr regulators in 502 tumor and 44 normal con-
trol samples. An adjusted p < 0.05 and [log 2 fFold cChange
(FC)| > 1 were set as the cutoff threshold. Heatmap and vio-
lin plots were used to visualize the differential expression of
the 18 genes in 502 tumor and 44 normal samples.

Next, the differential expressions of the 18 genes in tumor
samples with different clinicopathological parameters were
determined using the “limma” R package and visualized in
heatmaps using the “pheatmap” package. Differentially
expressed genes significantly correlated with clinicopathologi-
cal parameters were further visualized in bar plots.

2.4. Protein-Protein Interaction (PPI) Network Construction
and Correlation Analysis. The STRING database was used
to analyze the PPI network among Kcr regulators [28]. The
Pearson correlation analysis was used to explore the associ-
ations among different Kecr regulators.

2.5. Prognostic Signature Construction and Validation. The
univariate Cox regression analysis was performed to identify
Kcr regulators harboring prognostic value in TCGA data-
base. Genes with hazard ratio (HR) < 1 have better OS, while
genes with HR > 1 have worse OS. Considering the limited
number of prognostic genes, all genes were included in the
subsequent analysis to develop a risk signature with the least
absolute shrinkage and selection operator (LASSO) Cox
regression algorithm. The prognostic gene signature is
represented by the following: risk score=(coefficient of
mRNA1 xexpression ~ of  mRNA1)+ (coefficient  of
mRNA2 x expression of mRNA2)+---+(coefficient of
mRNAn X expression mRNAn). This formula was used to
calculate a risk score for each patient in the training (TCGA)
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FI1GURE 1: Expression levels of lysine crotonylation regulators between cancerous and adjacent normal samples in TCGA HNSCC cohort. (a)
Heatmap with expression levels of lysine crotonylation regulators in each clinical sample. (b) Violin plot of significantly differentially
expressed lysine crotonylation regulators between cancerous and adjacent normal samples.

and validation (GEO) cohorts. The cohort was stratified into
high- and low-risk groups based on the median value of the
risk scores.

Before validation, the “sva” R package was used to con-
duct batch normalization of the expression data between
TCGA and GEO datasets. The “survminer” package was
used to draw the Kaplan-Meier survival curve. The “survi-
valROC” package was used to investigate the time-
dependent prognostic value of the gene signature and clini-
copathological variables.

2.6. Gene Set Enrichment Analysis (GSEA). The GSEA was
performed to identify enriched Gene Ontology (GO) terms
and reveal potential underlying Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathways of the gene signa-
ture. A p <0.05 and a false discovery rate g < 0.25 were con-
sidered statistically significant.

2.7. Statistical Analysis. All statistical analyses were con-
ducted using R software (v. 3.5.2). The Wilcoxon test was
used to compare the expression of genes among different



KAT2B

DPF2

HDAC3

KAT8

BioMed Research International

p=0.002 p=0.035
12.5
20
10.0 +
15
7.5 3
5
5.0 1 T 10 A
2.5 1 5
0.0
‘e 20
15 |
~ 154
10 { g
a 4
= 10
5 4 5
G1&G2 G3&G4 G1&G2 G3&G4
Histologic grade Histologic grade
() (d)
p=20.003 p<0.001
30 4 s o o
e o 64 °
20 - 3
< i
3 4
jasi
10 4 5
o3
G1&G2 G3&G4 G1&G2 G3&GH
Histologic grade Histologic grade
(e ®
p<0.001 p=0.007
20 ° e 1 °
T o0
L] L]
o o
15 4 " 10 .o
.‘ .. S e o
10 - 4 S - 1
.‘ 5 | L] L A
3 'E ‘h‘;‘
51 °
ot |of 0 4 . )
T T T T
G1&G2 G3&G4 G1&G2 G3&G4
Histologic grade Histologic grade
(® (h)

Ficure 2: Continued.



BioMed Research International

p=0.001 p=0.046
15 12.5 4
L L]
e o
10.0 e
10 4
~ . 754
& E:
3 5 5.0
2.5
04 T T 0.0 4 T
G1&G2 G3&G4 G1&G2
Histologic grade Histologic grade
) V)
p=0.029
30 4 .o o
e e
%
= 204
< 4 °
s -
>~ °® e ®
10
'.
O a T
G3&G4
Histologic grade

F1GurE 2: Significantly differentially expressed lysine crotonylation regulators in HNSCC with different clinicopathological features. (a)
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HNSCC patients with and without lymph node metastasis. (c-k) Expression levels of DPF2, HDAC2, HDAC3, HDACS, KATS8, MLLTS3,
SIRT1, TAF1, and YEATS2 in HNSCC patients with different histologic grades, respectively.

groups. The y? test was conducted to compare the distribu-
tion of clinicopathological variables between high- and low-
risk groups. The Kaplan-Meier analysis was conducted to
compare the OS between high- and low-risk groups using
the log-rank test. Univariate and multivariate Cox regression
analyses were used to determine independent prognostic
factors for the training and validation cohorts. The ROC
curve was used to evaluate the accuracy of the constructed
gene signature. All statistical tests were performed using a
two-sided p < 0.05 as the significant threshold.

3. Results

3.1. The Expression of Kcr Regulators Is Correlated with
HNSCC Tumorigenesis and Progression. First, we visualized
the expression pattern of Kcr regulators between HNSCC
and normal controls using a heatmap and violin plot
(Figure 1). We found that CREBBP (p=0.001), EP300
(p=0.011), KAT2A (p<0.001), HDAC1 (p<0.001),
HDAC2 (p<0.001), HDAC3 (p<0.001), HDACS
(p < 0.001), TAF1 (p = 0.004), and YEATS2 (p < 0.001) were
significantly upregulated in HNSCC samples compared to
normal samples, while KAT2B (p<0.001) and SIRT2
(p <0.001) were remarkably downregulated in HNSCC sam-
ples (Figure 1(b)). Next, we systematically investigated the
relationships between each Kcr regulator and the clinico-

pathologic features of HNSCC patients, including tumor
stage, presence of lymph node metastasis, and histologic
grade. The expressions of each Kcr regulator stratified by
tumor stage, presence of lymph node metastasis, and histo-
logic grade are presented as heatmaps (Supplementary
Figure 1). Specifically, KAT2B was downregulated in the
advanced T stage compared to the early T stage (p =0.0016).
Meanwhile, HDAC2 was upregulated in HNSCC patients
with lymph node metastasis compared to those without
lymph node metastasis (p =0.035). Additionally, most Kcr
regulators, including DPF2, HDAC2, HDAC3, HDACS,
KATS, MLLT3, SIRT1, TAF1l, and YEATS2, were
significantly upregulated in HNSCC patients with higher
histologic grade (Figure 2).

3.2. Interaction and Correlation among Kcr Regulators. The
PPIs among the 18 Kcr regulators are presented in
Figure 3(a). According to the degree of connectivity of each
gene in the interaction network, the “writers” CREBBP,
KAT2A, and KAT2B were hub genes (Figure 3(b)). The cor-
relation analysis revealed that CREBBP was most relevant
with EP300 (r* = 0.75) among all interactions of crotonyla-
tion regulators. Interestingly, several independent interac-
tion groups were detected for “writers,” “readers,” and
“erasers,” indicating the diverse functional pathways of dif-
ferent regulators. More specifically, the expressions of
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FIGURE 3: Interaction among lysine crotonylation regulators and functional annotation. (a) Protein-protein interactions between the 18
lysine crotonylation regulators. The color intensity in each node is proportional to the degree of connectivity in the network. (b) Degree
of connectivity of each gene in the network. (c) Spearman correlation analysis of the 18 lysine crotonylation regulators in HNSCC. (d)

Functional annotation of lysine crotonylation regulators by GO analysis.

CREBBP, EP300, TAF1, KAT6A, YEATS2, and SIRT1 and
KAT2A, KAT8, HDACI, HDAC2, HDAC3, and HDAC8
were significantly correlated with each other in HNSCC
(Figure 3(c)). To explore the potential functions of Kcr reg-
ulators, we conducted a GO analysis. These regulators were
mainly involved in some biological processes, including his-
tone modification, covalent chromatin modification, and
peptidyl-lysine modification, and some molecular functions,
including histone acetyltransferase, peptide-lysine-N-acetyl-
transferase, and peptide N-acetyltransferase activities
(Figure 3(d)).

3.3. Development and Validation of a Prognostic Signature
Based on Kcr Regulators. To investigate the prognostic value
of Kcr regulators, we first performed a univariate Cox
regression on the expression levels in TCGA dataset. The
results revealed that CREBBP, KAT2B, and KAT6A were
significantly correlated with OS (p < 0.05) and were protec-
tive genes (HR < 1) (Supplementary Figure 2A). Then, we
applied the LASSO Cox regression algorithm to better
predict the clinical outcomes of HNSCC patients using Kcr
regulators. Finally, nine genes were screened out to
construct the risk signature based on the minimum

criteria, and the coefficients from the LASSO algorithm
were used to establish the risk signature for both the
training (TCGA) and validation (GEO) datasets
(Supplementary ~ Figures 2B and C):  Risk
score = (0.001876 x expression value of EP300) + (-0.049122
x expression value of KAT8) + (—0.001630 x expression value
of KAT2A)+(-0.047159 x expression value of KAT2B)
+(0.029484 x expression value of HDAC2)+(0.024618 x
expression value of HDAC3) + (0.061997 x expression value
of MLLT3 +(0.008895 x expression value of YEATS2)
+(—0.051189 x expression value of KAT6A).

Based on the nine-gene risk signature, all 491 HNSCC
patients in the training dataset were divided into high- and
low-risk groups according to the median risk score. Signifi-
cant differences were observed between the two groups
(p <0.0001) (Figure 4(a)). To test the robustness and clinical
practice of the nine-gene risk signature, 267 HNSCC
patients from another independent external dataset (GEO)
were also divided into high- and low-risk groups according
to the same risk score cutoff point obtained from the train-
ing dataset. The nine-gene risk signature could also effec-
tively stratify patients into low- and high-risk groups with
significantly different OS in the GEO-HNSCC dataset
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FIGURE 4: Risk signature with nine lysine crotonylation regulators in the training and validation cohorts. (a, b) Kaplan-Meier curves for the
OS of patients stratified by the nine-gene prognostic signature into high- and low-risk groups in the training and validation cohorts. (c, d)
Heatmap of the nine prognostic genes that were differentially expressed between the high- and low-risk groups in the training and validation
cohorts. (e, f) Risk scores plotted in ascending order and marked as low or high risk for all patients in the training and validation cohorts. (g,
h) Survival status distribution of HNSCC patients in the training and validation cohorts.

(p <0.05) (Figure 4(b)). Additionally, the expressions of the
nine prognostic genes in high- and low-risk groups in TCGA
and GEO datasets are presented in Figures 4(c) and
4(d).Notably, we found a significant difference between
high- and low-risk groups for T stages (p < 0.05) in TCGA
dataset. Moreover, all patients in the training and validation
cohorts were ranked from left to right according to the risk
score (Figures 4(e) and 4(f)). Accordingly, the distribution
of the survival status of each patient in the training and val-
idation cohorts is presented in Figures 4(g) and 4(h).

3.4. Performance Comparison by Time-Dependent ROC
Curve Analysis. We performed the time-dependent ROC
curve analysis to compare the prediction performance of
the nine-gene risk signature with other clinicopathologic
variables, including age, gender, T stage, N stage, and histo-
logic grade in TCGA and GSE65858 cohorts. In TCGA
cohort, the risk signature could predict well the 1-, 3-, and
5-year OS rates of HNSCC patients (Figures 5(a)-5(c)). Par-
ticularly, the predictive efficiency of the risk signature at 5
years was better than the T stage, N stage, histologic grade,
age, and gender (Figure 5(c)). The validation in the
GSE65858 cohort further demonstrated a moderate sensitiv-
ity and specificity of the risk signature at 1, 3, and 5 years
(Figures 5(d)-5(f)).

3.5. Independent Prognostic Role of the Gene Signature. To
determine whether the risk signature was an independent
prognostic indicator for HNSCC, univariate and multivari-
ate Cox regression analyses were performed in TCGA and
GSE65858 cohorts. In the training cohort, the univariate
analysis revealed that the T stage (p=0.003, HR =1.301,
95% confidence interval (CI)=1.095-1.545), N stage

(p<0.001, HR=1.549, 95%CI=1.290-1.860), and risk
signature (p <0.001, HR=4.175, 95%Cl=2.573 - 6.776)
were significantly correlated with OS (Figure 6(a)). The mul-
tivariate analysis further identified N stage (p <0.001, HR
=1.487, 95%CI=1.223-1.808) and risk signature
(p<0.001, HR = 3.500, 95%CI = 2.178 — 5.625) as indepen-
dent prognostic factors (Figure 6(b)). Next, we performed
univariate and multivariate Cox regression analyses for
HNSCC patients in the GSE65858 cohort to validate the
prognostic value of the risk signature. The risk score
(p=0.002, HR=2.200, 95%CI=1.351-3.583), T stage
(p<0.001, HR=1.544, 95%CI=1.241-1.921), N stage
(p=0.002, HR = 1.427,95%CI = 1.134 — 1.797), and M stage
(p=0.009, HR = 3.221, 95%CI = 1.335 — 7.771) were signifi-
cantly associated with the OS in the univariate analysis
(Figure 6(c)). In the multivariate analysis, the risk score
(p=0.007, HR=1.985 95%CI=1.208-3.262), T stage
(p=0.011, HR = 1.348, 95%CI = 1.071 — 1.698), and N stage
(p=0.046, HR=1.287, 95%CI =1.005-1.647) remained
independent prognostic factors for HNSCC patients
(Figure 6(d)). Altogether, these results indicated that the risk
signature derived from the Kcr regulators was an indepen-
dent prognostic indicator for HNSCC.

3.6. Identification of the Involved Biological Processes and
KEGG Pathways by GSEA. Further, we performed GSEA
to determine the biological processes and KEGG pathways
enriched in high- and low-risk HNSCC patients. Five rep-
resentative  biological = processes—mitochondrial —gene
expression, mitochondrial translation, negative regulation
of IxB kinase NF-xB signaling, phosphatidylinositol meta-
bolic process, and phospholipid metabolic process—were
enriched in high-risk patients. In contrast, positive
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regulation of sodium ion transport, protein targeting to
membrane, regulation of cellular amino acid metabolic
processes, translation termination, and water homeostasis
were enriched in low-risk patients (Figure 7(a)). Regarding
KEGG pathways, the B cell receptor signaling pathway,
chemokine signaling pathway, FC epsilon RI signaling
pathway, oxidative phosphorylation, and proteasome were
enriched in high-risk patients. On the other hand, protein
export, pyrimidine metabolism, RNA polymerase, T cell
receptor signaling pathway, and VEGF signaling pathway
were enriched in low-risk patients (Figure 7(b)).

4. Discussion

In our study, we identified a robust nine-gene risk signa-
ture for HNSCC patients in TCGA database using LASSO
and univariate Cox regression analyses. With further val-
idation in the GSE65858 dataset, the risk signature was
shown to be an independent prognostic indicator for
HNSCC patients. Risk scores derived from this signature
could effectively stratify HNSCC patients into low- and

high-risk groups. Importantly, the time-dependent ROC
curve analysis revealed that the nine-gene risk signature
was more accurate for predicting the 5-year OS than
other clinical parameters, including age, gender, T stage,
N stage, and histologic grade. Therefore, compared to
the traditional staging system, the constructed risk signa-
ture showed an advantage in predicting the prognosis of
HNSCC patients, which might contribute to prognosis
stratification and treatment escalation for HNSCC
patients.

As a newly identified posttranslational modification, Kcr
is specifically enriched on active gene promoters or potential
enhancers in mammalian cell genomes [29]. Since it was
reported in 2011, emerging evidence has demonstrated that
Ker is involved in multiple physiological and pathological
processes, including spermatogenesis, neuropsychiatric dis-
ease, tissue injury, inflammation, and tumorigenesis [25].
Previously, few studies have focused on the relationship
between Kcr and cancer. Wan et al. found that the global
expression of Kcr was downregulated in liver, gastric, and
renal carcinomas, while it was upregulated in thyroid,
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F1GURE 6: Forrest plot for the univariate and multivariate Cox regression analyses in HNSCC patients in the training and validation cohorts.
(a, b) Forrest plots of the univariate and multivariate Cox regression analyses in HNSCC patients in TCGA cohort. (c, d) Forrest plots of the
univariate and multivariate Cox regression analyses in HNSCC patients in the GSE65858 cohort.

esophagus, colon, pancreas, and lung malignancies by
immunohistochemical staining [24]. Particularly, Kcr
expression was associated with the TNM stage in hepatocel-
lular carcinoma. However, no prognostic significance of
lysine crotonylation was found in hepatocellular carcinoma.

In this study, the clinical significance of Kcr in HNSCC
was initially investigated. The differential analysis revealed
that most Kcr regulators were aberrantly expressed in
HNSCC. Specifically, CREBBP, EP300, KAT2A, HDACI,
HDAC2, HDAC3, HDACS8, TAF1, and YEATS2 were signif-
icantly upregulated, while KAT2B and SIRT2 were downreg-
ulated in HNSCC samples. Besides, various Kcr regulators,
including KAT2B, DPF2, HDAC2, HDAC3, HDACS,
KATS, MLLT3, SIRT1, TAF1, and YEATS2, were correlated
with T stage, lymph node metastasis, and histologic grade.
These results indicated that Kcr regulators might contribute
to cancer progression in HNSCC.

Based on the interactions between Kcr regulators,
CREBBP seemed to be the most relevant regulator with
EP300, consistent with previous studies [30, 31]. CREBBP
and EP300 are widely recognized histone acetyltransferases
and transcriptional coactivators that share approximately
60% homology and play vital roles in various cellular activi-
ties such as cell growth, differentiation, DNA repair, and
apoptosis [32-34]. Notably, CREBBP was previously
reported as a novel tumor suppressor, and CREBBP dys-
function was correlated with carcinogenesis and progression

in several human malignancies [35, 36]. Similarly, our find-
ings also revealed that high CREBBP expression was associ-
ated with a favorable HNSCC prognosis, indicating that
CREBBP might play a tumor-suppressive role in HNSCC.
However, Hu et al. demonstrated that CREBBP acted as an
oncogene and predicted a poor prognosis in ovarian cancer
[37]. These differences might be due to tumor heterogeneity
among different malignancies.

Furthermore, KAT2B was also identified as a hub gene
in the PPI network. Previous studies have revealed the
relationship between KAT2B and tumor occurrence and
development. Bharathy et al. found that KAT2B was over-
expressed in primary alveolar rhabdomyosarcoma, and its
acetylation activated the PAX3-FOXO1 pathway and pro-
moted carcinogenesis [38]. Malatesta et al. demonstrated
that KAT2B was an important factor in the Hedgehog sig-
naling pathway, and its downregulation in medulloblas-
toma and glioblastoma cells contributed to decreased
proliferation and increased apoptosis [39]. Conversely,
KAT2B plays an oncogenic role in multiple types of can-
cer, such as gastric, liver, and cervical cancers. Moreover,
KAT2B suppressed the tumorigenicity of gastric cancer
in vitro and in vivo and was correlated with aggressive
clinical features [40]. KAT2B was downregulated in hepa-
tocellular carcinoma tissues and significantly associated
with a favorable prognosis for patients [41]. Similarly,
KAT2B was significantly downregulated in cervical cancer
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FIGURE 7: Biological processes and KEGG pathways enriched by GSEA. (a) Representative biological processes enriched and (b) KEGG

pathways in high- and low-risk HNSCC patients.

tissues, and its low expression was closely associated with
a poor prognosis [41]. Here, KAT2B was downregulated
in HNSCC samples and was negatively correlated with
the T stage. The survival analysis also validated KAT2B
as a favorable prognostic biomarker for HNSCC.

In our study, we identified a robust nine-gene risk signa-
ture for HNSCC patients in TCGA database using LASSO
and univariate Cox regression analyses. With further valida-
tion in the GSE65858 dataset, the risk signature was shown
to be an independent prognostic indicator for HNSCC
patients. Risk scores derived from this signature could effec-
tively stratify HNSCC patients into low- and high-risk
groups. Importantly, the time-dependent ROC curve analy-
sis revealed that the nine-gene risk signature was more accu-
rate for predicting the 5-year OS than other clinical
parameters, including age, gender, T stage, N stage, and his-

tologic grade. Therefore, compared to the traditional staging
system, the constructed risk signature showed an advantage
in predicting the prognosis of HNSCC patients, which might
contribute to prognosis stratification and treatment escala-
tion for HNSCC patients.

However, our current study also has some limitations.
Given the retrospective nature of this study, further valida-
tion in prospective and multicenter clinical trials is essential
to validate the accuracy and efficiency of the constructed sig-
nature. Moreover, further experimental studies are needed to
verify the role of Kcr and elucidate the underlying mecha-
nisms of the signature in HNSCC. Additionally, due to the
few studies investigating the role of Kcr in tumors, the infor-
mation on Kcr regulators was manually extracted from the
literature. Thus, some latent and unidentified Kcr regulators
might be omitted in the gene sets.
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5. Conclusion

In summary, we systematically demonstrated the expression
profiles and clinical significance of Kcr regulators in HNSCC
patients. We established a nine-gene prognostic signature based
on the Kcr regulators and validated it in an external HNSCC
cohort. The constructed risk signature was an independent
prognostic factor for HNSCC patients, which could effectively
predict the survival of HNSCC patients and facilitate clinical
decision-making for oncologists. Multicenter and prospective
studies with large sample sizes are needed to further validate
the clinical practicality and accuracy of the risk signature.
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Background. The mechanistic aspects of the involvement of long noncoding RNAs (IncRNAs) in NETosis, the process of
neutrophil extracellular trap (NET) formation in head and neck squamous cell carcinoma (HNSCC), lack comprehensive
elucidation. The involvement of these molecules in the immune microenvironment and plausible HNSCC prognosis remain to
see the light of the day. The plausible functioning of NETosis-related IncRNAs with their plausible prognostic impact in
HNSCC was probed in this work. Methods. The scrutiny of IncRNAs linked to NETosis entailed the probing of twenty-four
genes associated with the process employing Pearson’s correlation analysis on HNSCC patients’ RNA sequencing data from
The Cancer Genome Atlas (TCGA) database. The application of univariate, least absolute shrinkage and selection operator
(LASSO), and multivariate Cox regression analyses yielded a NETosis-related IncRNA signature that was subjected to probing
for its suitability in prognosis employing survival and nomogram analyses. Results. The NETosis-related IncRNA signature
inclusive of five IncRNAs facilitated patients to be segregated as high-risk and low-risk groups with the former documenting a
poor prognosis. Regression unearthed that the risk score was an independent factor for prognosis. The receiver operating
characteristic (ROC) or receiver operating characteristic curve analysis documented a one-year area under time-dependent
ROC curve (AUC) value of 0.711 that is corroborative of the accuracy of this signature. Additional probing documented an
evident enriching of immune-linked pathways in the low-risk patients, while the high-risk patients documented an
immunologically “cold” profile as per the infiltration of immune cells. We verified IncRNA expression from our NETosis-
related IncRNA signature in vitro, which reflects the reliability of our model to a certain extent. Moreover, we also verified the
function of the IncRNA. We found that LINC00426 contributes to the innate immune cGAS-STING signaling pathway, which
explain to some extent the role of our prognostic model in predicting “hot” and “cold” tumors. Conclusions. The plausible
prognostic relevance of the NETosis-related IncRNA signature (with five IncRNAs) emerges that is suggestive of its promise in
targeting HNSCC.

1. Introduction ted risk factors for HNSCC encompass oncogenic human
papillomavirus (HPV) infection, tobacco smoke, and exces-
HNSCCs arise from the mucosal epithelium in the oral cav- sive alcohol consumption [2]. HNSCC is remarkably hetero-

ity, pharynx, and larynx and occupy the sixth position in ~ geneous for the anatomical location of cell origination,
global cancer incidence [1]. The most ubiquitously implica- various etiologies, and carcinogenic mechanisms [3]. Most
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patients receive a late-stage HNSCC diagnosis without a clin-
ical history of premalignancy [1]. Notwithstanding expand-
ing surgical and nonsurgical approaches (inclusive of the
radiotherapy, chemotherapy, and immunotherapy), the clin-
ical prognosis of HNSCC still remains a roadblock, with the
5-year survival rate below 50% [4, 5]. Therefore, the probing
of several plausible prognostic markers that accurately pre-
dict the outcome of HNSCC emerges as vital to assist the
delineation of individualized treatment plans.

Neutrophil extracellular traps (NETs) are web-like DNA
structures coated with histones, proteases, and granular and
cytosolic proteins [6] and are released by neutrophils to trap
microorganisms, and the process of their formation is
referred to as NETosis [7]. The possible involvement of
NETs in noninfectious diseases, such as autoimmunity,
coagulation, acute injuries, and cancer, has been docu-
mented [6]. Its involvement in increased primary tumor
growth, metastasis, and complications like venous thrombo-
embolism in malignancies has also been probed [8]. It has
been corroborated that NET extrusion induced by tumor-
secreted CXCR1 and CXCR2 ligands exerts a protective
effect on the malignancies from the cytotoxicity of natural
killer (NK) cells and T cells [9]. The augmentation of the cell
cycle to boost metastasis within the bloodstream by NET' to
expand the metastatic potential of circulating tumor cells is
also known [10]. Yang et al. demonstrated that the DNA
component of NETs (NET-DNA) promotes cancer metasta-
sis via the transmembrane protein CCDC25 [11]. However,
studies probing the role of NETosis in HNSCC are few. Li
et al. found that a hypercoagulable state is driven in oral
squamous cell carcinoma via systemic inflammation to stim-
ulate neutrophils to prime and release NETs [12]. While a
recent study documented the scrutiny of a NET-related gene
signature for predicting non-small-cell lung cancer progno-
sis [13], the role and functioning of NETosis warrants more
research. Therefore, it is meaningful to discern novel
NETosis-linked biomarkers to recognize the molecular
mechanistic aspects of NETosis for prognosis prediction in
HNSCC patients.

IncRNAs are RNAs exceeding 200 nucleotides in length
and do not participate in protein coding but are involved
in controlling gene expression [14]. In lung cancer, the
involvement of IncRNAs to regulate NETs is known [13].
However, the probing of NETosis-associated IncRNAs in
HNSCQC is yet to see the light of the day making the prog-
nostic value of NETosis-associated IncRNAs unclear.

Immunotherapy has revolutionized cancer treatment
over the past two decades, mostly employing immune check-
point blockade (ICB) approaches. As of 2019, ICB (pembro-
lizumab, an IgG4 humanized antibody to PD-1) was
approved as first-line or subsequent therapy of recurrent or
metastatic squamous cell carcinoma of the head and neck
[15]. The tumor microenvironment is vitally linked to the
response to ICB. ICB eflicacy is poor in “cold” tumors doc-
umenting lower PD-L1 levels in tumor cells, macrophages,
and immune cells [4]. The conversion of these “cold” tumors
into “hot” ones for ICB therapy in HNSCC can augment the
response [16]. Although the sensitization of tumors to
immunotherapy (PD-1+ CTLA-4 dual checkpoint blockade)
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by NETosis inhibition has been documented recently [9],
such studies are still limited. The probing of the relationship
between NETosis and the tumor immune microenviron-
ment to further comprehend “cold” HNSCC is warranted
to facilitate optimal treatment systems for “cold” HNSCC.

This work was aimed at scrutinizing NETosis-related
IncRNAs in HNSCC to comprehend the molecular and sig-
naling pathways of this phenomenon in this malignancy and
predict the prognosis in these patients. In addition, the links
between NETosis and tumor immune microenvironment
were further probed to provide a speculative basis in “cold”
HNSCC therapy.

2. Materials and Methods

2.1. Patient Details. The RNA sequencing data and patient
characteristics of HNSCC patients (502 malignant and 44
normal samples) were sourced from the TCGA database
(https://portal.gdc.cancer.gov/repository). The clinicopatho-
logical attributes were inclusive of age, gender, smoking sta-
tus, HPV status, tumor grade, tumor stage, survival time,
and survival status. Following the exclusion of the normal
samples (n=44) and a patient with the overall survival
(OS) missing, 499 patients documenting complete survival
and sequencing data were enrolled in this work. Figure S1
is illustrative of the workflow employed.

2.2. Identifying NETosis-Related IncRNAs. Firstly, 24
NETosis-associated genes were identified by searching liter-
ature (Table S1) [9, 17-25]. IncRNA and protein-coding
gene annotations in the Ensembl human genome browser
GRCh38.p13  (http://asia.ensembl.org/index.html)  then
ensued [26]. The correlation between the IncRNAs and the
expression of NETosis-associated genes was probed
employing Pearson’s correlation coefficients. NETosis-
related IncRNAs were determined at P <0.001 and |R| >
0.4.

2.3. Establishment and Validation of the NETosis-Related
IncRNAs Prognostic Signature. This entailed the random
assignment (2:1) of 499 patients into a training cohort and
a validation cohort. NETosis-related IncRNAs for prognosis
were first scored employing univariate Cox regression anal-
ysis of the patients’ survival data in the training cohort
(P <0.05). LASSO Cox regression ensued of these prog-
nostic NETosis-related IncRNAs to diminish the chance
of overfitting as much as possible. Subsequent application
of multivariate analyses facilitated the indication of the
candidate IncRNAs significantly involved in OS prognosis
prediction. Five relevant NETosis-related IncRNAs were
identified for the prognostic model as per the lowest
Akaike information criterion (AIC) value. The risk scores
of the HNSCC patients were obtained by the normalized
IncRNA expression levels and the corresponding regres-
sion coeflicients. This entailed the following formula for
its computation (risk score = 3gene(1) x EXPgene(1) + 8
gene(2) x EXPgene(2) + --- + Sgene(n) x EXPgene(n)) with
the discerned IncRNA expression level as EXPgene and
its multivariate Cox regression analysis coefficient as f.
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The median value of the risk score was employed to cate-
gorize patients in the training cohort into high-risk (>
median number) and low-risk (<median number) groups.
The following tests ensued to corroborate the signature:
intergroup OS was scored by Kaplan-Meier analysis with
the “survival” and “survminer” R package. The prediction
accuracy was probed by the “survival ROC” R package
employing time-dependent receiver operating characteristic
(ROC) curve analysis. The scrutiny of the utility of this
signature as an independent prognostic factor as opposed
to other clinical attributes entailed multivariate Cox
regression analysis. Subsequent corroboration of this sig-
nature in the validation cohort entailed the use of the
aforementioned formula to quantitate the risk score in
individual patients. The cutoff value employed in the
training cohort was applied in validation cohort with the
categorization of patients as high-risk and low-risk groups.
Corroboration entailed both the Kaplan-Meier and the
time-dependent ROC analyses.

2.4. The Predictive Nomogram. We further depicted nomo-
grams built on the “rms” R package with the aforementioned
IncRNA signature and other prognostic contributors for OS
prediction in HNSCC patients (1 year, 3 years, and 5 years).
We also computed the calibration curve to probe its
accuracy.

2.5. Functional Enrichment Analysis. This entailed scrutiny
of the Kyoto Encyclopedia of Genes and Genomes (KEGQG)
pathway analysis with Gene set enrichment analysis (GSEA)
(versionv4.1.0, http://www.gsea-msigdb.org/gsea/
downloads) in the risk groups employing our NETosis-
related IncRNA signature.

2.6. All-Inclusive Probing of Immune Cell Profile and ICB
Therapy in Both Risk Groups. The measure of tumor-
infiltrating immune cells in HNSCC samples was probed
employing CIBERSORT [27], CIBERSORT-ABS [27],
QUANTISEQ [28], XCELL [29], MCPcounter [30], EPIC
[31], and TIMER ([32] algorithms. Both risk groups were
scrutinized for NETosis and immune functioning by
ssGSEA or single-sample GSEA employing the “GSVA”
package, while literature was scored for plausible genes of
immune checkpoint molecules. In order to gauge the impact
of the signature in patient prognosis post-ICB therapy,
ssGSEA was done with the gene set of NETosis employing
that the “GSVA” package of R in two cohorts in which
ICB therapy (anti-PD-L1/PD-1) was administered [33, 34]
to get individual NETosis scores. These scores (median
values) were utilized to group patients into high and low
scores. The relevance of the signature to predict ICB therapy
response entailed relevant survival analyses.

2.7. Chemotherapy Response with Our NETosis-Related
IncRNA Signature. The response to chemotherapy in the
patients was scored employing the R package “pRRophetic”
[35].

2.8. Cell Culture. This work entailed the use of normal
human immortalized nasopharyngeal epithelial cell line

(NP69) and human nasopharyngeal carcinoma cell lines
(CNE1, HNE1, TWO03, and SUNE1). All cells were cultivated
in RPMI-1640 medium (GIBCO) supplemented with 7%
fetal bovine serum (ExCell Bio) in 5% CO, at 37°C.

2.9. Quantitative Real-Time PCR. Total RNA of NP69,
CNE1, HNEL, or TWO03 cells was collected employing the
RNA-Quick Purification kit (ESscience) adhering to the req-
uisite and prescribed protocols. cDNA was synthesized
employing the RNA reverse transcription kit (ESscience) as
per the prescribed instructions. Real-time PCR amplification
ensued with SYBR Green (Vazyme) and the following sets of
primers: AC079336.5 (5'-CACAATCCCACGCTGTACCT-
3" and 5'-CAGGTGTCCTCAGAAAGCGT-3'), AL645933.2
(5'-GCTTGCTGACTCTGTGGACT-3' and 5'-AGTTCA
GGTCACCAGTCCCT-3'), LINC00426 (5'-TGCAGGCTT
TGTAGACCCTC-3'  and  5'-TTGCGGGTGATTTACT
GGGG-3'), LINC00623 (5'-AGCTTCTCTGCAGGTCACA
C-3' and 5-TGGGCCACCCTTGAACATTT-3'), and
GADPH  (5'-CTGGGCTACACTGAGCACC-3' and 5'-
AAGTGGTCGTTGAGGGCAATG-3'). All samples were
subjected to scrutiny in triplicate, and each target gene was
normalized by GADPH. qPCR and analyses were performed
using the LightCycler 480 Instrument (ROCHE) and software.

2.10. Colony Formation Assay. CNE1 or SUNE]1 cells were
placed in triplicate with 500 cells per well in 12-well plates
(BIOFIL) and cultured in RPMI-1640 medium (GIBCO)
supplemented with 7% fetal bovine serum (ExCell Bio) for
10 days. Then, the plates were washed twice with PBS and
fixed with 75% alcohol for 1 hour. After washing twice with
PBS, the cells were stained with crystal violet for 2 hours.
Then, the crystal violet was washed off, and the number of
colonies was counted.

2.11. Cell Proliferation Assay. MTT assay was used to assess
the relative viability of the cells. Briefly, cells were seeded at
1000 cells per well in 96-well plates and cultured overnight
in RPMI-1640 medium containing 7% FBS at 24 hours post-
transfection, respectively. Add 10uL of MTT labeling
reagent and continue incubation for 4-6 h. Read the spectro-
photometry of the samples at 570 nm. Data were analyzed
using GraphPad Prism 8 (GraphPad Software, La Jolla,
CA, USA).

2.12. Wound Healing Assay. Cells were seeded into 6-well
tissue culture plates at an appropriate density of 50-60%
and cultured in RPMI-1640 medium (GIBCO) supple-
mented with 7% fetal bovine serum (ExCell Bio) for 24
hours before becoming a monolayer. A linear wound was
scraped on the cell monolayer with a 20 uL pipette tip. After
scraping, the cells were washed off by gently rinsing the
medium twice and then cultured in RPMI-1640 medium
without fetal bovine serum. Wounds were imaged under a
microscope at 0, 24, 48, and 72 hours. Three areas were ran-
domly photographed.

2.13. Plasmids and Transfection. LINC00426 plasmids and
control plasmids were purchased from Shanghai Genechem
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TasBLE 1: Clinical characteristics of patients in the training cohort and validation cohort.
Training cohort Validation cohort
N =333 N =166 P value
No. % No. %
Age
<60 164 49.2 80 48.2
>60 169 50.8 86 51.8 0824
Gender
Female 87 26.4 46 27.7
Male 246 73.9 120 72.3 0706
Smoking
Former and current smoker 204 61.3 110 66.3 0.276
Nonsmoker 129 38.7 56 33.7
HPYV status
Negative 53 15.9 26 15.7
Positive 23 6.9 10 6.0 0.926
Unknown 257 77.2 130 78.3
Grade
G1-2 236 70.9 123 74.1
G3-4 84 25.2 37 22.3 0.749
Unknown 13 39 6 3.6
Stage
I 17 5.1 8 4.8
11 45 13.5 24 14.5
111 56 16.8 22 13.3 0.888
v 170 51.1 89 53.6
Unknown 45 13.5 23 13.9

Co. Ltd. Plasmid transient transfection was performed using
Lipofectamine 3,000 (Invitrogen) according to the manufac-
turer’s instructions. And then, cells were collected for subse-
quent experiments after 24 hours of transfection.

2.14. Western Blotting. Whole-cell extracts were generated
by direct lysis with 1x Cell Lysis Buffer (Cell Signaling
Technology, #9873) with 1mM phenylmethylsulphonyl
fluoride (PMSF) added immediately before use. Samples
with 6x SDS sample buffer added were heated at 100°C
for 10min and resolved by SDS-PAGE and then trans-
ferred to a PVDF membrane. The membranes were then
examined with primary antibodies, followed by the corre-
sponding HRP-conjugated anti-mouse or anti-rabbit (Pro-
teintech) secondary antibodies. The following antibodies
were used: a-tubulin (1:1000, Proteintech), cGAS (1:1000,
Abcepta), TBK1 (1:1000, Proteintech), phospho-TBKI
(1:1000, CST), STING (1:1000, Proteintech), phospho-
STING (1:1000,CST), IRF3 (1:1000, Proteintech), and
phospho-IRF3 (1:1000, CST).

2.15. Statistical Analyses. The Wilcox test was employed to
probe the relative amounts of immune checkpoint molecules
and immune cells infiltrating the malignancy in both the risk
groups. The IncRNA signature and its link with clinicopath-
ological factors were probed by the chi-squared test. As elu-

cidated above, the identification of the independent factors
in OS prognosis entailed multivariate Cox regression analy-
ses. The accuracy of prognosis prediction was gauged by
ROC analyses. R software (Version 4.1.0) and SPSS (Version
23.0) were employed for all these computations.

3. Results

3.1. Patient Characteristics in Both Cohorts. Random assign-
ment of HNSCC patients who met eligibility criteria
(n=499) was done into training (N =333) and validation
(N =166) cohorts in a 2:1 ratio. The clinical characteristics
and pathological records have been detailed in Table 1. The
training cohort included 246 (73.9%) male and 87 (26.4%)
female patients with 50.8% patients over 60 years old, while
the validation cohort included 120 (72.3%) male and 46
(27.7%) female patients with 51.8% patients over 60 years
old. A total of 204 (61.3%) patients and 110 (66.3%) patients
had smoking history in the training cohort and validation
cohort, respectively. Most of the patients had absence of
HPV evaluation in both groups. There were 23 patients
(6.9%) confirmed with positive HPV status and 53 patients
(15.9%) confirmed with negative HPV status in the training
cohort. Similarly, there were 10 patients (6.0%) confirmed
with positive HPV status and 26 patients (15.7%) confirmed
with negative HPV status in the validation cohort. For the
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training cohort, pathological evaluation showed that 236
(70.9%) patients were classified as moderate to poor differ-
entiation grade (grade 1-2), and 84 (25.2%) patients were
classified as well differentiation grade (grade 3-4). Besides,
17 (5.1%) patients, 45 (13.5%) patients, and 56 (16.8%)
patients, and 170 (51.1%) were classified as TNM stages I,

II, I, and IV HNSCC, respectively. For the validation
cohort, pathological evaluation showed that 123 (74.1%)
patients were classified as moderate to poor differentiation
grade (grade 1-2), and 37 (22.3%) patients were classified
as well differentiation grade (grade 3-4). Besides, 8 (4.8%)
patients, 24 (14.5%) patients, and 22 (13.3%) patients and
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TABLE 2: Signature was identified based on the lowest Akaike information criterion (AIC).
Model Prognostic signature combination AIC
1 AC093278.2 + AC114730.3 + AC015911.3 + AC079336.5 + AC087392.5 + LINC00623 + RAB11B-AS1+ AL359881.1 1468.15
+AC087752.4 + AL359921.1 + AL645933.2 + LINC00426
5 AC0932782 + ACO15911.3 + AC079336.5 + AC087392.5 + LINC00623 + RABI1B-ASL + AL359881.1 + AC087752.4 |,
+ AL359921.1 + AL645933.2 + LINC00426
3 AC093278.2 + AC079336.5 + AC087392.5 + LINC00623 + RAB11B-AS1 + AL359881.1 + AC087752.4 + AL359921.1 1464.52
+ AL645933.2 + LINC00426
. AC093278.2 + AC079336.5 + AC087392.5 + LINC00623 + RABLIB-AS1 + AC087752.4 + AL359921.1 + AL6459332 | o
+ LINC00426
5 AC079336.5 + AC087392.5 + LINC00623 + RAB11B-AS1 + AC087752.4 + AL359921.1 + AL645933.2 + LINC00426 1461.83
6 AC079336.5 + LINC00623 + RAB11B-AS1 + AC087752.4 + AL359921.1 + AL645933.2 + LINC00426 1460.50
7 AC079336.5 + LINC00623 + AC087752.4 + AL359921.1 + AL645933.2 + LINC00426 1459.89
8 AC079336.5 + LINC00623 + AC087752.4 + AL645933.2 + LINC00426 1459.15
TABLE 3: Association between signature and clinicopathological manifestations.
Training cohort Validation cohort
(N =333) » (N = 166) »
High risk Low risk High risk Low risk
n=166 n=167 n=_81 n=2385
Age (%)
<60 76 (45.8) 88 (52.7) 35 (43.2) 45 (52.9)
>60 90 (54.2) 79 (47.3) 0.207 46 (56.8) 40 (47.1) 0210
Gender (%)
Female 46 (27.7) 41 (24.6) 26 (32.1) 20 (23.5)
0.512 0.218
Male 120 (72.3) 126 (75.4) 55 (67.9) 65 (76.5)
Smoking (%)
Former and current smoker 96 (57.8) 108 (64.7) 0.200 55 (67.9) 55 (64.7) 0.663
Nonsmoker 70 (42.2) 59 (35.3) 26 (32.1) 30 (35.3)
HPV status (%)
Negative 24 (14.5) 29 (17.4) 12 (14.8) 14 (16.5)
Positive 1 (0.6) 22 (13.2) <0.001 1(1.2) 14 (16.5) 0.034
Unknown 141 (84.9) 116 (69.5) 68 (84.0) 62 (72.9)
Grade (%)
G1-2 129 (77.7) 107 (64.1) 64 (70.9) 59 (69.4)
G3-4 33 (19.9) 51 (30.5) 0.020 16 (19.8) 21 (24.7) 0.178
Unknown 4 (2.4) 9 (5.4) 1(12) 5 (5.9)
Stage (%)
I 5 (3.0) 12 (7.2) 7 (8.6) 1(1.2)
i 20 (12.0) 25 (15.0) 10 (12.3) 14 (16.5)
111 33 (19.9) 23 (13.8) 0.261 13 (16.0) 9 (10.6) <0.001
v 86 (51.8) 84 (50.3) 48 (59.3) 41 (482)
Unknown 22 (13.3) 23 (13.8) 3(3.7) 20 (23.5)

89 (53.6%) were classified as TNM stage I, II, III, and IV
HNSCC, respectively. Overall, no significant differences
were detected in age, gender, smoking history, HPV status,
tumor grade, and tumor stage between training and valida-
tion cohorts.

3.2. Data Collection and Identification of NETosis-Related
IncRNAs. Firstly, we included the data of RNA-seq and clin-

ical data of 528 HNSCC patients from TCGA; then, 44 nor-
mal samples and 1 sample lacked survival data were
excluded (final patient number =499). Then, 24 NETosis-
linked genes were delineated in HNSCC patients as outlined
above. The correlation between 564 NETosis-related
IncRNAs and 24 NETosis-linked genes was evaluated by
Pearson’s correlation analysis, and the NETosis-related
IncRNAs were identified according to the standard that the



BioMed Research International

Training cohort

Validation cohort

Type

6 : O 2.5 : ,;
5 1 ' . 20 |
I o & : o~
L4 4 1 . 2
54 | . g 15 - I
23 : ] B et e it
é 2 1 / &z 1.0 7 :
Py SEnEEEEEEEEEEEES 05 !
1
i s I
01 T T —L T T T T T T T
0 50 100 150 200 250 300 0 50 100 150
Patients (increasing risk socre) Patients (increasing risk socre)
e High risk e High risk
@ Low Risk @ Low Risk
(a) (b)
n : ' _ 15 3 ! -
i 2
" L g
> L i Z 10 R
g 10 ! ° © \
£ o . 0o I . . £ o
= o. L e ° = | .
£ 5 - e .:..‘. o» :.- t £ 54 - 2 o. :.'..:..' J% ° . °
g ,0 e o.% |. ® e, g ' .o! . o low 0o
J’?. N“'W 0 o Coeoe ®,
. 0 M < 0 -.‘..‘ A ©o%% "f.foéw’Q' ”)}" o'
T
50 100 150 20 250 300 0 50 100 150
Patients (increasing risk socre) Patients (increasing risk socre)
@ Dead © Dead
o Alive o Alive
(0 (d)
Type Type
6
‘ ‘ ‘ AC079336.5 5 AC079336.5
4
H‘ “ H ‘ ‘ AC087752.4 O | | | I | AC0877524 0
-2
AL645933.2 AL645933.2
—4
Type
Low Low
High High
(e) )
1.00 1.00
é 0.75 '.‘,.: 0.75
2 2
5 0.50 £ 050
] g
£ 02 £ 025
3 3
0.00 0.00
T T T T T T T T T T T T T T T T T T T
01234567 891011121314151617181920
Time (years) Time (years)
e % High risk 81 55 30 18 4 2 2 2 2 2 2 21
% High risk 4166 11463 41251513 9 5 4 3 2 2. 2 1.0 0 0 0 0 0 & Low risk 85 70 44 27 18 10 3 3333 22100
& Low risk 16713979 4837191310 6 4 3 3 1 1 1 111000 T L e e
T T T T T T T T T T
0 12345678 091011121314151617181920 01254567890 12131415
Time (years) Time (years)
Risk Risk
+ High risk + High risk
+ Low risk #+ Low risk

(g)

(h)

FiGgure 2: Continued.



Sensitivity

0.2

0.4 0.6

1 - specificity

—— AUCat 1 years: 0.711
AUC at 2 years: 0.710
—— AUC at 3 years: 0.672

@

Sensitivity

BioMed Research International

0.2 0.4 0.6

1 - specificity
AUC at 1 years: 0.631
AUC at 2 years: 0.652
AUC at 3 years: 0.673

0)

FiGurg 2: The prognostic performance of the NETosis-related IncRNA signature in the training cohort and validation cohort. (a)The
distribution of the risk scores in the training cohort. (b) The distribution of the risk scores in the validation cohort. (c)The scatter plots
showing whether the samples were alive or not in the training cohort. (d) The scatter plots showing whether the samples were alive or
not in the validation cohort. (e) Heat map of the expression of 5 NETosis-related IncRNAs in the training cohort. (f) Heat map of the
expression of 5 NETosis-related IncRNAs in the validation cohort. (g) Kaplan-Meier curves for the overall survival of patients in the
high- and low-risk groups in the training cohort. (h) Kaplan-Meier curves for the overall survival of patients in the high- and low-risk
groups in the validation cohort. (i) Area under time-dependent ROC curve (AUC) of time-dependent receiver operating characteristic
(ROC) curves verified the prognostic accuracy of the risk score in the training cohort. (j) AUC of time-dependent ROC curves verified

the prognostic accuracy of the risk score in the validation cohort.

P value was less than 0.001 (P < 0.001), and the absolute
value of Pearson’s correlation coeflicient was more than 0.4
(IR > 0.4).

3.3. Building a Prognostic NETosis-Related IncRNA Signature
in HNSCC Patients. A total of 499 HNSCC patients were
randomly assigned to either training set or validation set.
The initial univariate Cox regression analysis unveiled the
prognostic IncRNAs in HNSCC patients based on training
set. The overlapping prognostic IncRNAs and NETosis-
related IncRNAs were identified as the candidate IncRNAs
for the NETosis-related IncRNA signature, which resulted
in 113 IncRNAs. In other words, these 113 IncRNAs were
significantly associated not only with NETosis but also with
prognosis of HNSCC patients. Subsequent LASSO Cox
regression to reduce the multicollinearity unearthed 12
IncRNAs (Figures 1(a) and 1(b)). Ensuing multivariate Cox
regression analysis ultimately highlighted five NETosis-
related IncRNAs as optimal prognostic factors in HNSCC
patients (Figure 1(c)). The IncRNA signature (AC079336.5,
LINC00623, AC087752.4, AL645933.2, and LINC00426)
was unveiled employing the least AIC score (Table 2). The
computation of the risk score based on the signature was
as per the following formula: risk score=-0.468 x AC
079336.5 + 0.360 x LINC00623 - 1.257 x AC087752.4 -

0.209 x AL645933.2 - 1.215 x LINC00426.  Then, each
patient in the training set got a risk score based on the for-
mula. The grading of patients in training set was done as
high-risk (n =166) and low-risk (n=167) groups with the
median risk score value. No evident differences between

both risk groups emerged for age, gender, smoking status,
and tumor stage, while HPV positive and grade 3-4 were
more common in the low-risk group (P <0.001 and P=
0.020, respectively) (Table 3). The survival outcome, risk sta-
tus, and expression profile of IncRNAs of each patient are
documented in Figures 2(a), 2(c), and 2(e), respectively, with
the high-risk patients documenting a lower probability of
survival vs. the low-risk patients. Further, the OS was short-
ened in the high-risk patients as evidenced by the Kaplan-
Meier method (Figure 2(g), P < 0.001). The signature docu-
mented significant predictive roles regarding the 1-year OS,
2-year OS, and 3-years OS with the AUC of the ROC analy-
ses at 0.711, 0.710, and 0.672, respectively (Figure 2(i)).

3.4. Corroboration of the IncRNA Signature in the Validation
Cohort. To verify the accuracy of the NETosis-related
IncRNA signature, the computation of the risk score of val-
idation cohort entailed the one employed in the training
cohort. On the same lines, the categorization of the valida-
tion group patients ensued as high-risk (N =81) and low-
risk (N =85) groups (Table 3) employing the aforemen-
tioned cutoff value. As shown in Table 3, both groups docu-
mented no conspicuous differences for age, gender, smoking
status, and tumor grade, while HPV positive and stage I were
more common in the low-risk patients (P =0.034 and P <
0.001, respectively). The survival outcome, risk status, and
IncRNA profile are illustrated in Figures 2(b), 2(d), and 2(f
), respectively. On similar lines, the low-risk patient group
was demonstrative of an elevated survival vs. the high-risk
patients with the latter group demonstrative of a diminished
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FiGure 3: Independent prognostic value of the NETosis-related IncRNA signature in the training cohort and validation cohort. (a) Results of
the multivariate Cox regression analysis regarding OS in the training cohort. (b) Results of the multivariate Cox regression analysis
regarding OS in the validation cohort. (c) Area under time-dependent ROC curve (AUC) of receiver operating characteristic (ROC)
curves compared to the prognostic accuracy of the risk score and other clinicopathological in the training cohort. (d) AUC of ROC
curves compared to the prognostic accuracy of the risk score and other clinicopathological in the validation cohort.

OS as evidenced by the Kaplan-Meier method (Figure 2(h),
P=0.011). The signature documented significant predictive
roles in the 1-year OS, 2-years OS, and 3-years OS with
the AUC at 0.631, 0.652, and 0.673, respectively
(Figure 2(j)).

3.5. The Independent Functioning of the IncRNA Signature
for HNSCC Prognosis. Multivariate Cox regression facilitated
the ascertaining of our IncRNA signature as an independent
factor in HNSCC prognosis (training cohort: HR =1.776,
95%CI =1.470 - 2.147, P <0.001; validation cohort: HR =
1.738, 95%CI=1.032-2.929, P=0.038, respectively)
(Figures 3(a) and 3(b)). The ROC curve analysis probing
its specificity and sensitivity documented the strength of
the signature with an AUC of 0.711 and 0.631 for the train-

ing and validation cohorts, respectively, exceeding that of
the remaining factors probed (Figures 3(c) and 3(d)). Thus,
our NETosis-related IncRNA signature could function as
an independent tool for prognosis prediction of HNSCC
patients.

3.6. The Predictive Nomogram: Development and
Corroboration. To provide a useful prediction model for sur-
vival probability of HNSCC patients, a nomogram including
clinical features and risk score was constructed. As the mul-
tivariate Cox regression analysis indicated the clinical feature
including stage, age, and risk score as independent factors,
the nomogram was constructed employing the stage, age,
and signature (Figure 4(a)).The prediction of the OS (1 year,
3 years, and 5 years) entailed the construction of a prognostic
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FIGURE 4: Building and validation of the nomogram to predict the overall survival of patients. (a) Nomogram plot was built based on risk
score, age, and stage in the whole cohort. (b) Calibration curve of the nomogram.

nomogram encompassing all the independent factors dis-
cerned to depict a risk gauging system comprehensively and
visually. The gauging of the OS employing this nonogram
via calibration curves was illustrated in Figure 4(b). A con-
spicuous agreement emerged for the OS predicted by the
nonogram and the authentic values across various follow-
up periods. The stability and accuracy of our nomogram
encompassing our IncRNA signature with clinical features
can predict the outcome of individual patients, thus bringing
benefits to clinicians and patients.

3.7. GSEA for Vital Pathway Scoring. To explore the poten-
tial signal pathways or functions of NETosis-related
IncRNAs in HNSCC, we applied gene set enrichment analy-

sis (GSEA) to two cohorts. As elucidated above, this entailed
scoring both groups for pathways documenting variations by
KEGG analysis employing GSEA. An upregulation emerged
for genes in focal adhesion, ECM receptor interaction, and
actin cytoskeleton regulation in the high-risk patient set
(Figure 5(a)). The low-risk dataset documented a conspicu-
ous upregulation for anticancer immune pathways inclusive
of B cell receptor, T cell receptor and FceRI signaling, natu-
ral killer cell-mediated cytotoxicity, and primary immuno-
deficiency along with the chemokine signaling pathway
(Figure 5(b)).The results of the KEGG of NETosis-related
IncRNAs suggested that high-risk patient set was more pos-
sibly to exhibit tumor metastasis and worse prognosis, while
the upregulation of anticancer immune pathways in low-risk
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FIGURE 5: Gene set enrichment analysis (GSEA) of the two groups based on the NETosis-related IncRNA prognostic signature. (a) GSEA
results show significant enrichment of glucose and protein metabolism pathways in the high-risk head and neck squamous cell
carcinoma (HNSCC) patients. (b) GSEA results show significant enrichment of immunoregulatory pathways against cancer in the low-
risk HNSCC patients.

patient set indicated an immune status unfavorable to tumor

growth and better prognosis.

3.8. ICB Therapy Outcome Determined by the Immune and
NETosis Status across Both Risk Groups. To investigate the

relationship between NETosis-related IncRNAs and immune

status, the various algorithms outlined mentioned in the
materials section were employed to probe the immune cells

and pathways in both the risk groups, which showed signifi-
cant difference for proportions of different tumor-infiltrating
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FIGURE 6: The immune cell infiltration landscape in head and neck squamous cell carcinoma (HNSCC). (a) Heat map for immune cell
infiltration landscape based on the CIBERSORT, CIBERSORT—-ABS, QUANTISEQ, XCELL, MCPcounter, EPIC, and TIMER algorithms
among high- and low-risk groups. Only items with significant differences will be displayed; P value < 0.05 was controlled. (b) Barplot of
the tumor-infiltrating cell proportions based on CIBERSORT algorithm. (c) Violin plot showed the different proportions of tumor-
infiltrating cells between different groups based on CIBERSORT algorithm.

immune cells between the low-risk and high-risk groups
(Figure 6(a)). Further, CIBERSORT facilitated the immune
cell infiltration to be gauged. As shown in Figures 6(b) and
6(c), the high-risk group documented an evident diminishing
of naive B cell, plasma cells, CD8+ T cell, follicular helper T
cells, regulatory T cells, gamma and delta T cells, and resting
and activated mast cells vs. that in the low-risk patient set;
however, the proportion of resting NK cells and M0 macro-
phages was significantly higher in high-risk group.

Then, the difference in immune functions between the
two groups was compared. Both groups were demonstrative
of evident variations in the ssGSEA for T cell functions like
checkpoint (inhibition), cytolytic activity, HLA, inflamma-
tion status, T cell coinhibition, and T cell costimulation,
which is indicative of the low-risk group documenting an
elevated T cell functions (Figure 7(a)). Based on the above
considerations, the low-risk cohort can be assigned plausibly
as a “hot tumor” demonstrative of elevated immune check-
point (inhibition) as per the augmented immune cell infiltra-
tion and immune responses. Our prognostic signature is
demonstrative of an augmented effects in the low-risk group
by ICB therapy. The immune checkpoint molecule profiles
were then scored in both groups. We found that the low-
risk group documented an elevated level of PDL1 (CD274),
CTLA4, IDOI, and LAG3 documented vs. the high-risk
patient group (Figure 7(b)).

To further explore the prognostic value of NETosis score
in patients with immunotherapy, firstly, we confirmed that
patients in the high-risk group of HNSCC have higher
NETosis score by using the “GSVA” package, which revealed

activation of NETosis in the high-risk group vs. the low-risk
group (Figure 8(a)). Then, we performed ssGSEA by using
the NETosis gene panel in two cohorts administered with
immunotherapy employing the “GSVA” package as docu-
mented in Materials and Methods to compute the NETosis
score of individual samples. Following the categorization of
samples as high and low scores employing the median score
value, the patients documented a better survival profile when
the NETosis score was lowered (Figures 8(b) and 8(c)). This
suggests that the low-risk group based on our NETosis-
related IncRNA signature has a lower NETosis score and
better survival after receiving ICB therapy. These docu-
mented outcomes are also corroborative of the plausible
impact of our NETosis-related IncRNA signature to predict
how fitting ICB would be in these patients.

To summarize, a link between the immune cell status
and NETosis score with this IncRNA signature emerged with
the high-risk group possibly documenting a diminishing of
immune cell infiltration and activity with downregulation
of immune checkpoint molecules with lowered survival
post-ICB therapy as opposed to the lower-risk cohort.
NETosis-related IncRNAs-NETosis-antitumor immunity
may be a signaling cascade, which may pave the way for a
future novel therapeutic approach to target the malignancy
in HNSCC patients.

3.9. Scoring the Chemotherapy Response with the NETosis-
Related IncRNA Signature. To further probe the value of
our IncRNA signature in patients undergoing varying che-
motherapy regimens, the “pRRophetic” approach was
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cancer cohort.

employed to predict the chemotherapy response in both risk
groups. A diminished estimated IC., was documented by
the low-risk patients vs. the high-risk ones in terms of these
chemotherapy drugs: AKT inhibitor VIII, etoposide, JNK
inhibitor VIII, metformin, methotrexate, rapamycin, shiko-
nin, vorinostat, and elesclomol (Figures 9(a)-9(i)) (P < 0.05
). The results showed that patients in the high-risk group
had poorer outcomes vs. in the low-risk patients when
receiving the above chemotherapy regimens.

3.10. IncRNA Expression from Our NETosis-Related IncRNA
Signature In Vitro. There are five IncRNAs in our prognostic
model, of which four are protective factors and one is a risk
factor. The high-risk group documented an elevated expres-
sion of the risk factor with a diminished expression of pro-
tective factors. This led to whether tumor cell lines also
document this similar expression as the high-risk group.
We compared immortalized nasopharyngeal epithelial cell
lines (NP69) and human nasopharyngeal carcinoma cell
lines (CNEI1, HNEI1, and TWO03). As we described above,
protective factors include AC079336.5, AC087752.4,
AL645933.2, and LINC00426, while LINC00623 is a risk fac-
tor. qPCR revealed lowered expression of LINC00426 in
CNE1, HNE], and TWO03 than in NP69 and lowered expres-

sion of AC079336.5 and AL645933.2 in CNE1 and TWO03
than in NP69, while the expression level of LINC00623 is
inconsistent among control cell and tumor cell lines
(Figures 10(a)-10(d)). The above results reflect the reliability
of our model to a certain extent.

3.11. Verification the Effect of IncRNA on Proliferation and
Migration In Vitro. To further investigate the role of
LINC00426, we tested the effect of LINC00426 on the prolifer-
ation and migration of human nasopharyngeal carcinoma cell
lines by transient transfection of overexpressing plasmids. The
expression of mRNA was assessed by qPCR. We then investi-
gated whether the cell proliferation and migration were
inhibited upon LINC00426 overexpression in the nasopharyn-
geal carcinoma cell lines cells (CNE1 and SUNEL). However,
cell proliferation assays showed that overexpression of
LINC00426 did not affect cell viability compared to the neg-
ative group (Figure S2A and Figure S2C). There was also no
change in colony formation ability after overexpression of
LINC00426 in CNE1 and SUNEL! cells (Figure S2B and
Figure S2D). In addition, the wound healing assay also
showed that overexpression of LINC00426 did not affect
the migration ability of CNElI and SUNE1l cells
(Figure S2E and Figure S2F).
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overexpression plasmids. (a) mRNA expression of LINC00426 in CNE1 cells. (b) Western blot for cGAS, TBK1, STING, and IRF3 in
CNEL cells. (¢) mRNA expression of LINC00426 in SUNEL cells. (d) Western blot for cGAS, TBK1, STING, and IRF3 in SUNEI cells.

3.12. LINC00426 Contributes to the STING Signaling
Pathway. The prognostic model of IncRNA that we built
was able to not only predict the prognosis of patients but also
identify “hot” and “cold” tumors. Therefore, we try to explore
the possibility of IncRNA regulation of immunity in vitro. We
hypothesized that LINC00426 regulated immune cell infiltra-
tion; we overexpressed LINC00426 in CNE1 and SUNEI1 cells
(Figures 11(a) and 11(c)) and detected the expression of
cGAS-STING-TBKI1-IRF3 signaling pathway. The data exhib-
ited that LINC00426 overexpressed significantly enhanced p-
STING, p-TBK1, and p-IRF3 protein levels in both CNE1
and SUNE]L cells (Figures 11(b) and 11(d)). The activation of

the STING signaling pathway is known to further promote
the secretion of cytokines such as CXCL10, CCL5, ISGI5,
and ISG56, thereby recruiting B cells, T cells, and promoting
immune cell infiltration. These data explain to some extent
the role of our prognostic model in predicting “hot” and
“cold” tumors.

4. Discussion

To our knowledge, our study was the first to probe a
NETosis-related IncRNA signature to predict HSNCC prog-
nosis and group a patient set into high-risk and low-risk



BioMed Research International

groups. An evident increase in anticancer immune pathways
was documented in the low-risk group by functional enrich-
ment analysis. In the meanwhile, a close association emerged
for our IncRNA signature with the immune cell infiltration
and NETosis profiles in HNSCC. To expound, an immuno-
logically “cold” profile emerged in the high-risk group,
which included diminished immune cell infiltration and
activity, and dampened immune checkpoint molecule
expression, while an immunologically “hot” profile emerged
in the low-risk group. The putative potential of our signature
was also corroborated in the two patient sets who received
ICB as evidenced in the ssGSEA to predict the relevance of
ICB in patients. The effective prediction of the response to
select chemotherapy drugs by the signature was also docu-
mented in HNSCC patients.

The involvement of IncRNAs in NETosis has been
demonstrated in several studies. For example, Li et al.
reported that an upregulation of IL-12A due to IncRNA
X-inactive specific transcript by binding to miR-21 stimu-
lates NETosis and accelerates primary graft dysfunction
subsequent to lung transplantation [36]. Gao and Zhang
documented that diminishing of IncRNA MINCR inhibits
NETosis and is involved in LPS-evoked acute injury and
inflammatory response [37]. Nonetheless, there are few
studies on elucidating IncRNAs connected with NETosis
in oncogenesis and moreover HNSCC. There were many
researches focusing on figuring out NETosis-associated
gene; we employed Pearson’s correlation analysis on these
genes and IncRNAs to identify NETosis-related IncRNAs,
which initially resulted in 113 NETosis-associated IncRNAs
that regarded to be associated with the survival of HNSCC
patients by univariate Cox regression. Further analyses nar-
rowed down on five NETosis-related IncRNAs: AC079336.5,
LINC00623, AC087752.4, AL645933.2, and LINC00426. Of
these 5 IncRNAs in our prognostic signature, the involvement
of LINCO00426 in oncogenesis has been documented. For
example, the regulation of miR-455-5p by LINC00426 to
boost lung adenocarcinoma progression was demonstrated
[38], while LINC00426 was downregulated in non-small-cell
lung cancer patient tumor tissues and correlated with poor
prognosis [39]. Another study documented that LINC00426
contributes to doxorubicin resistance by sponging miR-4319
in osteosarcoma [40]. Our results showed that LINC00426
overexpressed upregulated STING signaling pathway in
HNSCC cell lines, which indicated that innate immunity was
activated [41]. Our data explain to some extent the role of
our prognostic model in predicting “hot” and “cold” tumors,
which illustrated that our model is reliable. For the four
remaining NET-related IncRNAs (AC079336.5, LINC00623,
AC087752.4, and AL645933.2), research on their involvement
in cancer has not yet been documented. We are not able to
verify the function of the other four IncRNAs within severe
constraints of time and money.

The involvement of NETosis in tumorigenesis and thera-
peutic approaches is being documented in several reports.
The definition of NETosis entailed NET release and cell
death involving ROS specifically in cells of hematopoietic ori-
gin [8]. Several signaling cascades are then stimulated by this
NETosis production in tumors encompassing the malig-
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nancy itself with blood cells like leukocytes and platelets
and establish an inflammatory microenvironment to boost
tumor progression [42]. As outlined above, the involvement
of this process and NETosis-related IncRNAs in the HNSCC
immune microenvironment warrants scrutiny. This work
documented a diminishing of crucial immune pathways
involved in antitumor functioning like natural killer cell cyto-
toxicity, B cell/T cell receptor signaling, and elevated NETo-
sis in the high-risk group in the relevant assays. This was
suggestive of the plausible link between antitumor immunity
and NETosis in HNSCC. Zhang et al. demonstrated the
recruitment of neutrophils to trigger NETosis by IL17 to
exclude cytotoxic CD8 T cells in pancreatic ductal adenocar-
cinoma. Interestingly, NET inhibition was documented in a
recipient animal model with an arginine deiminase 4 gene
(the enzyme PAD4, vitally involved in mediating NETosis
from neutrophils) deletion with a better response to ICB in
these murine systems emerging vs. those who expressed
PAD4 and demonstrated NETs in the tumor microenviron-
ment [43]. Another study has uncovered the inhibition of
immune cytotoxicity by NETs via immune cell-target cell
contact impairment and inhibition of NETosis by pharmaco-
logically suppressing PAD4 augments tumor sensitivity to
PD-1+CTLA-4 dual checkpoint blockade in a syngeneic
mouse model of breast cancer [9]. These results revealed a
strong association between NETosis and antitumor immu-
nity, which was consistent with our results.

In order to prove the hitherto unknown aspects of
immune cell infiltration and NETosis in HNSCC, the former
was scrutinized employing the algorithms listed earlier. A
conspicuous diminishing of infiltration of cytotoxic cells
inclusive of naive B cells and CD8+ T cells emerged in the
high-risk patients vs. that of the low-risk patient set. The
high-risk group also was demonstrative of diminished
immune checkpoint molecule expression to be hence tagged
as immunologically “cold” tumors to plausibly limit the
response of ICB therapy as documented by our IncRNA signa-
ture. To corroborate this possibility, functional enrichment
analysis was conducted, which revealed that anticancer
immune pathways were significantly upregulated in the low-
risk HNSCC group. Furthermore, probing of the cohorts with
our NETosis-associated IncRNA signature unearthed an aug-
mented survival post-ICB therapy in low-risk patients. These
observations were indicative of the putative impact of our
NETosis-related IncRNA signature to predict ICB response
in patients to further guide treatments in the future.

An augmentation of NETosis emerged in the high-risk
cohort as scrutinized by the “GSVA” package-based score.
This leads us to hypothesize an augmented response to
ICB therapy in this group by boosting immune cell infiltra-
tion by plausibly suppressing this NETosis in this high-risk
group. The role of NETosis in anti-tumor immunity is being
unearthed by ongoing work. Inhibition of NETosis is closely
associated with antitumor immunity. Our research has pro-
vided the theoretical basis that high-risk HNSCC patients
may benefit from the combination of ICB with NETosis
inhibitors, which inhibit cell NETosis and increase immune
cell infiltration to enhance the response to ICB therapy. This
gains support with ongoing trials exploring the efficacy of
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concurrent NETosis inhibitors with other therapeutic strate-
gies. The suitability of the neutrophil/NET system and the
CXCR1/2 and the IL-8 pathway is receiving the center stage
as therapeutic targets given their crucial importance. Con-
current administration of ICB with some CXCRI1 and 2
inhibitors has been subjected to clinical testing. For instance,
a phase I study is probing a combination of SX-682 (a
CXCR1/2 inhibitor) and nivolumab (anti-PD1) in metastatic
pancreatic ductal adenocarcinoma (NCT04477343). The
concurrent administration of pembrolizumab (anti-PD1)
with navarixin (a CXCR1/2 inhibitor) in advanced/metasta-
tic solid tumors is being probed in a phase II study
(NCT03473925) [42]. Our study may help provide clues to
identify high-risk patients who may benefit more from the
combination of ICB and NETosis inhibitors.

This work encompasses a few limitations. More in vivo
or in vitro basic experiments are warranted to corroborate
the potential molecular mechanistic aspects of NETosis-
related IncRNAs in prognosis. In addition, clinical trials
are urgently required to confirm whether inhibiting NETosis
could improve the efficacy of immunotherapy in human
HNSCC patients.

In conclusion, we identified the suitability of a NETosis-
based IncRNA signature in the prognosis of HNSCC patients.
Further variation in the immune cell profile and immune
checkpoint molecule expression between the high-risk and
low-risk groups are also documented. Our study suggests that
NETosis inhibition may emerge as a strategy to augment the
efficacy of immunotherapy in HNSCC patients.
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Background. The survival rate of oral squamous cell carcinoma (OSCC) is only 50% due to a high incidence of metastasis. Long
noncoding RNAs (IncRNAs) play a crucial role in OSCC genesis and progression, although their potential role in the metastasis of
OSCC remains unclear. Methods. The transcriptome of 5 metastatic and 5 nonmetastatic OSCC samples were assessed by RNA
sequencing. The biological functions and regulatory mechanisms of LEMDI-ASI in OSCC were explored by in vitro and
in vivo assays. Results. We identified 487 differentially expressed mRNAs (DEmRNAs) and 1507 differentially expressed
IncRNAs (DEIncRNAs) in OSCC with cervical lymph node (LN) metastasis relative to the nonmetastatic samples. In addition,
both LEMD1-AS1 and its cognate LEMD1 were up-regulated in metastatic OSCC compared to nonmetastatic OSCC. Gain-of-
function, loss-of-function, and rescue experiments indicated that LEMDI1-AS1 upregulated LEMDI to increase OSCC
migration and invasion in vitro and in vivo. Mechanistically, LEMDI1-AS1 stabilized LEMDI1 and increased its mRNA and
protein levels, and consequently activated the PI3K-AKT signaling pathway to facilitate OSCC metastasis. Conclusions. We
established the IncRNA-mRNA landscape of metastatic OSCC, which indicated that LEMDI1-AS1 enhanced OSCC metastasis
by stabilizing its antisense transcript LEMD1. Thus, LEMDI1-ASI is a potential biomarker for predicting metastasis, as well as a
therapeutic target of OSCC.

1. Background

Oral squamous cell carcinoma (OSCC) is one of the most
commonly diagnosed malignancies worldwide [1-3] and is
characterized by a high incidence of local invasion and cer-
vical lymph node (LN) metastasis. Despite recent advances
in surgery, chemoradiotherapy, and other targeted therapies,
the overall survival of OSCC patients is still only 50% due to
the high metastasis rates [4, 5]. Therefore, it is essential to

identify the underlying mechanisms of OSCC metastasis in
order to develop novel effective therapies.

Long noncoding RNAs (IncRNAs) are noncoding tran-
scripts more than 200 nucleotides in length [6, 7] and are clas-
sified into the antisense, intronic, bidirectional, intergenic, and
overlapping types. IncRNAs regulate gene expression via chro-
matin modification, miRNA quenching, direct modulation of
mRNA stability, transcription, and translation, as well as
protein stability control [8, 9], and are involved in tumor
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initiation and progression. The antisense IncRNAs account for
approximately 50-70% of all IncRNAs and can exert their
function through cis- or trans-mechanisms [10]. The cis-act-
ing antisense IncRNAs bind to genes in their vicinity, while
the trans-IncRNAs modulate more distant genes on the same
or even on different chromosomes. Furthermore, cis-antisense
IncRNAs modulate gene expression at the pretranscriptional,
transcriptional, and posttranscriptional levels through DNA-
IncRNA, IncRNA-RNA, or protein-IncRNA interactions.
IncRNA-RNA interactions in particular are common during
cancer initiation and progression and involve hybridization
of the sense and antisense sequences into RNA duplexes that
regulate the posttranscriptional outcome. Zhao et al. reported
that MACCI1-AS] promoted gastric cancer cell metabolic
plasticity by stabilizing MACC1 mRNA [11]. In addition,
IncRNA PXN-ASI-L acts as an oncogene in non-small-cell
lung cancer (NSCLC) by increasing PXN expression [12].
Yuan et al. found that MUC5B-ASI1 promoted lung adenocar-
cinoma metastasis by forming RNA-RNA duplex with
MUCS5B. However, little is known regarding the function of
antisense IncRNAs in metastatic OSCC.

To this end, we performed next-generation sequencing
analysis of human OSCC tissues in order to map the differ-
entially expressed RNAs and establish a IncRNA-mRNA
interaction network. Accordingly, we identified IncRNA
LEMDI1-AS1 and its target gene LEMDI, which acts as an
oncogene in multiple cancers, and analyzed their biological
role in OSCC via functional assays. Our findings provide
new insights into OSCC metastasis and identify a novel bio-
marker for prognostic prediction and targeted therapy.

2. Results

2.1. Overview of RNA Sequencing Data. All raw data had been
uploaded in GEO database (GSE145272, https://www.ncbi
.nlm.nih.gov/geo/query/acc.cgi?acc=GSE145272). A total of
487 differentially expressed mRNAs (DEmRNAs) (319 upreg-
ulated and 168 downregulated) and 1507 differentially
expressed IncRNAs (DEIncRNAs) (971 upregulated and 536
downregulated) were identified in RNA-seq data using |log 2
fold change (FC)| > 1.0 and P value < 0.05 as the thresholds
(Figure 1). The functional enrichment analysis (Additional
Figure 1A) showed that 487 DEmRNAs were enriched in
520 biological process (BP), 13 cellular component (CC),
and 21 molecular function (MF) terms, including cell-cell
adhesion, receptor complex, channel complex, channel
activity, and receptor activity. KEGG pathway analysis
(Additional Figure 1B) indicated enrichment of 243
pathways, including the cAMP signaling pathway, calcium
signal pathway, cytokine-cytokine receptor interaction, and
cell adhesion molecules (CAMs).

2.2. DEIncRNA-DEmRNA Interaction Network. Potential
interactions between the DEIncRNAs and DEmRNAs were
predicted using the LncTar software and correlated via R
software. The interacting pairs were screened using cor # 0
and P value < 0.05 as the thresholds. As shown in Additional
Figure 2, 132 cis-regulation pairs and 165994 trans-
regulation pairs were identified.

BioMed Research International

2.3. Validation of Dysregulated RNAs. To validate the RNA-
seq data, we randomly selected five DERNAs (LEMD1-AS1,
LEMDI, TBILA, LINC01133, and PURPL) from the top 50
DERNAs identified in 10 samples by qPCR. LEMD1-AS1,
LEMD1, TBILA, and LINCO01133 were significantly upregu-
lated in metastatic versus nonmetastatic OSCC while
PURPL was downregulated in the former (Figure 2).

2.4. LEMDI-ASI and LEMDI Are Overexpressed in Human
OSCC Tissues and Cell Lines. Since both LEMDI1-AS1 and
LEMD1 were upregulated in the metastatic OSCC samples
relative to the nonmetastatic samples, we hypothesized that
LEMD1-AS1 promotes OSCC metastasis by upregulating
its predicted target LEMDI1. To confirm our hypothesis, we
detected the expression levels of both in additional OSCC
samples by qRT-PCR. Consistent with the bioinformatics
results, the metastatic tumors expressed higher levels of both
LEMDI1-AS1 and LEMD1, which showed a significant posi-
tive correlation (Figure 2(f)). In addition, the metastatic
OSCC cell lines UM1, OSC19, and CAL27 showed signifi-
cantly higher LEMD1-ASI levels compared to the nonmeta-
static UM2 and OSC3 cells (Additional Figure 3). Taken
together, the LEMDI1-AS] and LEMDI interaction is
prometastatic in OSCC.

2.5. LEMDI-ASI Promoted Migration of OSCC Cells via
LEMDI. FISH assay showed that LEMD1-AS1 was mainly
localized in the cytoplasm of OSCC cells, and minimal signals
were observed in the nucleus (Additional Figure 4). To
further analyze the biological role of LEMD1-AS1 in OSCC
cells, we knocked down its expression in the OSC19 and
CAL27 cells using the smart silencer (Additional
Figure 5A), and ectopically expressed it in the UM2 and
OSC3 cells (Additional Figure 5B). The cells overexpressing
LEMDI-AS1 had higher levels of LEMDI, while LEMDI-
AS1 knockdown was associated with downregulation of
LEMDI1 (Additional Figure 5C-D). Neither LEMDI-AS1
silencing nor overexpression had any effect on the
proliferation of the OSCC cells compared to the respective
controls (Additional Figure 6). However, LEMDI1-AS1
overexpression in UM2 and OSC3 cells significantly
increased their migration abilities in vitro (Figure 3),
whereas LEMD1-AS1 knockdown had the opposite effect in
OSC19 and CAL27 cells. Taken together, LEMDI1-ASI1 is a
prometastatic factor in OSCC. To determine whether
LEMD1-AS1 mediated its effects in OSCC via LEMD1, we
knocked down the latter in cells stably overexpressing
LEMDI-AS1 (Additional Figure 7). As shown in Figure 4,
the knockdown of LEMD1 abrogated the effects of LEMD1-
AS] overexpression on the migration and invasion abilities
of OSCC cells. Thus, LEMD1-AS1/LEMDI1 interaction is
crucial for OSCC progression and metastasis.

2.6. LEMDI-ASI Increased the Stability of LEMDI1 mRNA by
Forming a Protective RNA Duplex. The results so far indi-
cated that LEMD1-ASI regulated LEMD1 mRNA expres-
sion levels. Consistent with this, the LEMD1 protein levels
were also increased in OSC3 cells stably overexpressing
LEMD1-AS1 and decreased in LEMDI-AS1-knockdown
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cells (Figure 5). LEMDI1-ASI1 is localized at the antisense  ing an RNA-RNA duplex, which also enhances the mRNA
chain of the LEMDI1 gene. In addition, antisense IncRNAs  expression levels. Bioinformatics and gene sequence analysis
increase the stability of their cognate sense mRNAs by form-  revealed an overlapping (OL) region between LEMD1-AS1
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and LEMDI. The RNase protection assay further showed
that the remnant of the OL region between LEMDI1-ASI
and LEMD1 was higher than the non-OL region, indicating
that the OL region was partially protected from RNase deg-
radation (Figure 6(a)). These results indicated that the stabil-
ity of LEMDI1 mRNA was increased by LEMD1-AS1. To
functionally validate this surmise, we treated control or
LEMD1-AS1-overexpressing OSC3 cells with the RNA poly-
merase II inhibitor a-amanitin to block new RNA synthesis
and found that high levels of LEMD1-AS] increased the sta-
bility of LEMD1 mRNA compared to that in control cells
(Figure 6(b)). Thus, LEMDI-AS1 stabilizes and enhances
the expression of LEMD1 mRNA in OSCC cells.

2.7. LEMDI-ASI Activates the PI3K-AKT Pathway. On the
basis of bioinformatics analysis and literature review, we ana-
lyzed the level of PI3K-AKT pathway-related proteins in the
LEMD1-AS1-overexpressing OSCC cells. As shown in Addi-
tional Figure 8, p-PI3K and p-AKT were significantly
upregulated in the OSC3 cells stably overexpressing
LEMDI1-AS1 compared to the control cells. Thus, LEMDI-
AS1 might activate the PI3K-AKT pathway via increasing
LEMDI1 mRNA and protein levels.

2.8. LEMDI-ASI Promoted Cervical LN and Hepatic
Metastasis of OSCC In Vivo. To confirm the biological func-
tion of LEMD1-AS1 in vivo, we established cervical LN and
hepatic metastasis models in B/C mice. LEMDI-ASI-
overexpressing (OSC3-OE) or normal control (OSC3-NC)
OSCC cells were injected into the mice FOM, and while
37.5% of the OSC3-OE mice had cervical LN metastasis, the
OSC3-NC group did not show any metastasis (Additional
Figure 9). Contradictory to the in vitro results, the volume of
the orthotopic tumor was markedly larger in the OSC3-OE

versus the OSC3-NC group, implying a greater proliferative
capacity of the OSC3-OE cells in vivo (Figure 7).

3. Discussion

Recent studies have associated aberrant expression levels of
IncRNAs with OSCC genesis and progression. However, lit-
tle is known regarding the function of dysregulated IncRNAs
in OSCC with regional LN metastasis [13, 14], which is the
most pervasive cause of death in OSCC patients. To deter-
mine the role of IncRNAs and their target genes in cervical
LN metastasis of OSCC, we identified the differentially
expressed mRNAs and IncRNAs between primary OSCC
samples with and without regional LN metastasis, since the
expression pattern of primary tissues was similar to that of
metastatic tissues according to the single cell sequencing
result of head and neck squamous cell carcinoma in 2017
[15]. The DERNAs were enriched in GO components and
KEGG pathways associated with tumor progression, migra-
tion and invasion, such as cell adhesion [16, 17], channel
and receptor activity [18-20], cAMP signaling pathway
[21], PI3K-AKT signaling pathway [22, 23], cytokine-
cytokine receptor interaction, and CAMs [24]. The
DEIncRNA-DEmRNA network was subsequently con-
structed, and LEMD1-AS1 and its antisense mRNA LEMD1
were identified as a relevant pair in OSCC. LEMDI1 [25] is a
member of cancer—testis antigen (CTA) family and is located
at chromosome 1q32.1. LEMD1-AS1 and LEMD1 were both
upregulated in OSCC with LN metastasis compared to the
nonmetastatic samples, indicating that LEMD1 and its
reverse chain LEMD1-AS]1 might enhance the migration
and invasion abilities of OSCC cells.

Although LEMD1-AS1 gain/loss of function had no effect
on OSCC cell growth, the LEMD1-AS1-overexpressing OSC3
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cells resulted in larger tumors compared to the control cells. ~ tumor volume. In the orthotopic OSCC model as well,
This was likely due to the fact that increased invasiveness of =~ OSC3-OE cells resulted in higher LN and hematogenous
these cells led to impingement of the orthotopic tumor into  metastasis rates, which further verified the metastatic poten-
the mandibula and FOM muscle, which resulted in larger = tial of LEMDI1-ASI1. Consistent with this, LEMDI1-AS1
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18sRNA was applied as an internal control.

significantly promoted OSCC migration and invasion in vitro.
Furthermore, LEMDI1 silencing neutralized the pro-metastatic
effects of LEMD1-AS]I, indicating that LEMD1-AS]1 directly
targeted LEMDI1 to increase OSCC cell invasiveness.

More than 63% of all transcripts in human cells possess
antisense transcripts, which upon any perturbation can alter
the expression of sense mRNAs [26-28]. Studies increas-
ingly show that natural antisense IncRNA can stabilize its
counterpart mRNA to increase its expression levels
[29-31]. RNA-asRNA interactions are the result of the for-
mation of RNA-RNA hybrid, partial physical binding [32,
33] or activating polysomes [27]. Bioinformatics analysis
revealed that LEMD1-AS1 and LEMD1 formed a “tail-to-
tail” paring pattern with a 183bp OL region. In addition,
LEMD1-AS1 was localized in the cytoplasm, indicating the
possibility of duplex formation between LEMDI and its
antisense IncRNA. Furthermore, the OL region on LEMD1
mRNA was protected from RNase digestion, which depleted
most of the non-OL region. Finally, overexpression of
LEMD1-AS1 increased stability of LEMD1 mRNA even in
the presence of the RNA polymerase II inhibitor a-amanitin.
Thus, LEMDI1-ASI can stabilize LEMD1 mRNA and protect
it from RNase via RNA-RNA interaction.

CTAs are upregulated in male germ cells and various
cancer tissues, but not in normal tissues [34]. This protein
cluster promotes epithelial mesenchymal transition (EMT)

[35] and metastasis [36], invasion, and carcinogenesis. Not
surprisingly, CTAs are attractive diagnostic biomarkers and
therapeutic targets in cancer. LEMD1 also promotes the ini-
tiation and progression of various cancers like colorectal
cancer [25, 37, 38] and prostate cancer [39]. Sasahira et al.
[40] identified LEMD1 as a novel oncogene in OSCC and
supported its diagnostic and therapeutic potential. LEMD1
is also the target gene of microRNA-135 in anaplastic large
cell lymphoma [41]. We have elucidated the regulatory
interaction between LEMD1-AS1 and LEMDI for the first
time, which provides novel insights into the mechanism of
CTAs in cancer.

The PI3K-AKT pathway is crucial for cancer initiation
and progression, and is frequently disrupted in solid tumors
[22, 42]. Mutation or alterations in the PI3K-AKT pathway
have been identified in OSCC [24, 43-45]. Consistent with
a previous study in gastric cancer [46], we found that the
PI3K-AKT pathway was activated in OSC3 cells stably over-
expressing LEMD1-AS1. We surmise therefore that LEMD1-
AS1 upregulates LEMDI to activate the PI3K-AKT pathway,
which promotes OSCC migration and invasion.

Regional LN metastasis is the most common cause of the
poor survival rate among OSCC patients. We identified 487
DEmRNAs and 1507 DEIncRNAs in the metastatic versus
nonmetastatic OSCC samples and characterized LEMD1-
AS1/LEMDI interaction as a promoter of OSCC metastasis
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for the first time. Mechanistically, LEMD1-ASI activates the
PI3K-AKT pathway by stabilizing and upregulating LEMD1.
However, survival analysis related to LEMD1-AS1 expres-
sion was not possible due to the short follow-up time. In
addition, the exact regulatory axis between LEMDI-ASI,
LEMDI, and PI3K-AKT pathway in OSCC progression
remains to be elucidated. Besides, the targeted genes of
LEMDI1-AS1 might not be only LEMDI; the relationship
between its targeted genes should be further investigated.
Our findings have to be validated on larger cohorts with lon-
ger follow-up.

4. Conclusions

LEMDI1-AS1 was substantially increased in metastatic
OSCC tissues and cell lines and promoted OSCC migration
and invasion in vitro and in vivo by stabilizing its antisense
transcript LEMDI, which is a potential activator of the
PI3K-AKT signaling pathway. Therefore, LEMDI1-ASI is a
novel diagnostic biomarker and immunotherapeutic target
for metastatic OSCC.

5. Methods

5.1. Human Tissue Samples. Tumor tissues were collected
from OSCC patients who underwent surgery at the Xiangya
Hospital of Central South University. The patients that

received radiotherapy or chemotherapy prior to the surgery
were excluded. The baseline data of recruited patients is
present in Table 1. All primary tumor tissue samples were
confirmed by two experienced pathologists and stored at
-80°C for RNA extraction. The clinical characteristics of
the included patients were also recorded. The informed
consent was obtained from all subjects. This study was
approved by the ethics committee of the Xiangya Hospital
(No. 201907790).

5.2. Next-Generation RNA Sequencing and Bioinformatics
Analysis. Total RNA was isolated from 5 patients with cervi-
cal LN metastasis and 5 patients without cervical LN metas-
tasis using the TRIzol reagent (Invitrogen, CA, USA)
according to the manufacturer’s instructions. The quality
of RNA was evaluated by Qubit, Nanodrop, and Agilent
2100 Bioanalyzer. RNA sequencing libraries were prepared
using TruSeq Stranded Total RNA Library Prep Kit accord-
ing to manufacturer’s specifications. The rRNAs were then
removed, and the remaining transcripts were purified and
fragmented. First-strand cDNA synthesis was performed
using random primers, followed by second-strand cDNA
synthesis and end repair. The 3’ ends of the cDNAs were
adenlylated and ligated to Illumina Truseq adaptors for
PCR. The cDNA libraries were sequenced by Illumina Hiseq
2500. All bioinformatical analysis were performed by R and
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TaBLE 1: Baseline data of the patients recruited.

No. Gender Age (year) Location TNM stage Differentiation level Drinking Smoking (n/day)

1 Male 52 Tongue TIN2MO High + 10-20

2 Male 29 Tongue TIN2MO Moderate-high — <5

3 Male 50 Tongue TINIMO High + 0

4 Male 39 Bucal TINIMO Moderate-high + 10-20

5 Male 48 Tongue TINIMO High + 0

6 Male 52 Buccal mucosa T3NOMO High — 10-20

7 Male 65 Tongue T3NOMO High + 10-20

8 Male 47 Buccal mucosa T3NOMO High + 10-20

9 Male 55 Buccal mucosa T3NOMO Moderate-high — <5

10 Male 55 Tongue T3NOMO High + <5
TABLE 2: Primers used for qRT-PCR.

Gene Forward primer Reverse primer

LEMD1-AS1 TGCAGCTCAGTCAGACCAAA AGGCAGACGTGGGAGGAT

LEMD1 GAGCACCAAGCACCAGAATCA ACCAAGCACAGCAAGCTTCA

LEMDI1-OL TGGACCCAGAGAGCTGGATG TGCGTTTAGTGGTGGAAGCC

LEMD1-non-OL ACTTCTATCATCATGGTGGATG GATCTGTGAGAGCAGCACAG

GAPDH AGTGGTCGTTGAGGGCAAT GCATCCTGGGCTACACTGAG

18sRNA GTAACCCGTTGAACCCCATT CCATCCAATCGGTAGTAGCG

PURPL GGCATGATCTCGGCTCACTA CAGATCACGAGGTCAGGAGA

TBILA TGACTTTCAAAGCACAGGAGG CCATGATTCCTGTCCCGAGA

LINCO01133 TGGTATTTTCATCATTGTGGTGT TCAGGGTAGTGTTTTGGTTCTTT

LncTar software. P value was adjusted for multiple testing
adopting the false discovery rated method, and |log 2 fold
change (FC)| > 1.0 and P value< 0.05 were set as the cutoff
criteria.

5.3. OSCC Cell Lines and Animals. OSCC cell lines including
UM1, UM2, OSC3, OSC19, and CAL27 were cultured in
high-glucose DMEM (Gibco, CA, USA) supplemented with
10% fetal bovine serum (Gibco, CA, USA), 100 U/ml penicil-
lin, and 100 mg/ml streptomycin (Gibco, CA, USA) at 37%
in a humidified incubator containing 5% CO,. BALB/c-nude
mice (5-week-old) were obtained from the Experiment Ani-
mal Center of Central South University. All animal experi-
ments were approved by the Institutional Animal Care
Committee of Central South University (N0.2019sydw0116).

5.4. qRT-PCR Analysis. Total RNA was isolated using TRIzol
reagent (Invitrogen, CA, USA) as described above, and
reverse transcribed to cDNA by HiScript III RT SuperMix
(Vazyme, Nanjing, China). Real-time PCR was performed
on QuaintStudio 7 Flex System (Thermo Fisher, CA, USA)
using the SYBR All-in-One qPCR mix (GeneCopoeia,
Guangzhou, China), and relative gene expression was calcu-
lated using 27*““T method normalized to that of GAPDH or
18sRNA. Primer sequences are listed in Table 2.

5.5. Fluorescent in Situ Hybridization. RNA fluorescence in
situ hybridization (RNA-FISH) was performed using a FISH

TAaBLE 3: Sequences of Smart Silencer for LEMD1-AS1 and siRNA
for LEMDI.

Name Targeted Sequence (5'-3")

GACCAAACCTCTCTGAATA
GACAGAACAAGAAGCACAA

. CTCTACATATCCATCACAT

LEMD1-AS1 Smart Silencer 1.4 ccGCCCACTTTCTCAG
GTCAGGACACAACAATAGAG
ACAGCTCCTAGGCAATCAAA

LEMD1-siRNA1# GAATCACATATGGGACTAT
LEMD1-siRNA2# CGGAAGACCAGACTATCGA
LEMD1-siRNA3# GCTGGAGAGAAGAAGGTTT

kit (Ribobio, Guangzhou, China) according to the manufac-
turer’s instruction. Briefly, the suitably treated cells were
fixed with 4% formaldehyde for 10 min, permeabilized with
0.5% Triton X-100 in PBS, and subsequently blocked
through prehybridization at 37°C for 30 minutes. The cells
were then incubated overnight with 50nM FISH probe
(Ribobio Co.) in 100yl hybridization buffer at 37°C. The
slides were washed with a gradient of hybridization wash
buffer (4 x SCC with 0.1% Tween-20, 2 x SCC, 1 x SCC) at
42°C for 5min, respectively, and air-dried. After counter-
staining with 4',6-diamidino-2-phenylindole (DAPI), the
slides were imaged under a fluorescence microscope.
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5.6. Transfection. The Ribo™ Smart Silencer targeting
LEMDI1-AS1 was obtained from RiboBio (Guangzhou,
China) and included three siRNA and three antisense oligo-
nucleotides targeting different sequences. The siRNAs for
human LEMD1 were designed and synthesized by RiboBio
(China). Cells were transfected with the respective siRNAs
using Lipofectamine3000 Reagent (Invitrogen, CA, USA).
In addition, OSCC cells were transduced with LEMD1-AS1
expressing lentivirus (GENECHEM, Shanghai, China) with
specific MOI (multiplicity of infection). The siRNA
sequences are listed in Table 3.

5.7. CCK-8 Assay. Cell growth was monitored using the 2-(2-
methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfothe-
nyl)-2H-tetrazolium reagent (CCK-8, Meilunbio, Dalian,
China) assay according to manufacturer’s instruction. The
transient and stable transfectants were seeded in 96-well
plates at the density of 3000 cells/well with 5 replicates per
sample. CCK-8 reagent was added to each well after 1, 2,
and 3 days of culture, and the absorbance of each well was
measured at 450 nm.

5.8. Wound Healing Assay. Suitably treated cells were seeded
in six-well plates and grown till confluency. The monolayer
was scratched across the plate using a sterile 10 ul pipette
tip, and the dislodged cells were washed. The wounded
regions were photographed at 0, 12, and 24 hours after
scratching, and the scratch area was calculated by Image]
software.

5.9. Transwell Assay. Cells harvested 36~48 hours after tran-
sient or stable transfection were seeded into the upper cham-
bers of a transwell insert (Corning (3422, 354480), NY,
USA) at the density of 8 x 10* cells/well in 200 ul serum-
free high-glucose DMEM. The lower chambers were filled
with 400 ul DMEM supplemented with 20% FBS. After a
24h culture, the migrated cells were fixed with 4% parafor-
maldehyde for 30 minutes, stained with crystal violet for
30 minutes, and counted.

5.10. Western Blotting. Protein was extracted by lysing the
cells in RIPA buffer (Abcam, NY, USA) supplemented with
protease inhibitors and phosphate inhibitors, separated by
SDS-PAGE and transferred onto a PVDF membrane. After
blocking in 5% skimmed milk for 1 hour, the gels were
incubated overnight with the primary antibodies (Abcam,
MA, USA and CST, MA, USA), followed by the HRP-
conjugated IgG secondary antibody. The bands were visual-
ized using ECL Substrates (SAB, MD, USA). Tubulin was
used as the loading control.

5.11. RNase Protection Assay. RNA duplex formation
between LEMDI-AS1 and LEMDI1 was assessed with the
RNase A+T cocktail (Invitrogen, CA, USA) that can only
digest single-stranded and not duplex RNAs. Briefly, the
samples were incubated with the enzyme cocktail at 37°C
for 30 minutes, and the remaining double-stranded RNA
was extracted using RNeasy Kit (Tianmo, Beijing, China)
and analyzed by qRT-PCR.

BioMed Research International

5.12. Stability and a-Amanitin Treatment. OSC3 cells stably
expressing LEMDI-AS1 or the empty vector were seeded
into 6-well plates and treated with 50 uM of the RNA syn-
thesis blocker a-amanitin. The cells were harvested 0, 6,
12, 18, and 24 hours posttreatment and analyzed by qRT-
PCR. The 18s RNA was used as the internal control since
it is stable after a-amanitin treatment.

5.13. Animal Experiments. An orthotopic oral tumor model
was established in mice by injecting control or LEMD1-AS1-
overexpressing 2 x 10> OSC3 cells (n=8 per group) in
100 yl DMEM into the floor of mouth (FOM) via submental
to the space between the FOM muscles (around 5mm). The
mice were sacrificed on day 30 after implantation or when
their weight was reduced to 16 grams (g) or less. The tongue
and cervical LNs were collected and fixed in 10% paraformal-
dehyde immediately for HE staining. The volume of the ortho-
topic tumor was calculated as length x width?/2. All tissue
staining results were examined by two expert pathologists.

5.14. Statistical Analysis. All data were analyzed using the
SPSS 22.0 statistical software package (SPSS Inc., Chicago,
IL, USA) and visualized with Graphpad Prism 7. The results
were expressed as the mean + SD of three experiments. Two
or multiple groups were compared using two-tailed Stu-
dent’s t-test and One-way ANOVA, respectively. Pearson’s
correlation coefficient was used to analyze the correlation
between LEMD1-AS1 and LEMDI expression levels. P
value < 0.05 was considered statistically significant.
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tion files.
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Supplementary Materials

Additional Figure 1: functional enrichment analysis of
DEmRNAs. (A) The bar plot of GO analyses. Purple for
MF, orange for CC, and yellow for BP. (B) The top 10
enrichment scores in KEGG pathway. Additional Figure 2:
DEIncRNA-DEmRNA interaction network in cis- and
trans-way. Circles indicate mRNAs, and rectangles indicate
IncRNAs. Red nodes mean upregulation in metastatic OSCC
samples, while green nodes represent downregulation. (A)
Cis-way. (B) Trans-way. Additional Figure 3: expression of
LEMD1-AS1 in OSCC cell lines. Five OSCC cell lines were
examined. The metastatic OSCC cell lines UM1, OSC19,
and CAL27 showed significantly higher LEMD-ASI levels
compared to the nonmetastatic UM2 and OSC3 cells. The
red * indicated statistical difference with OSC3, and blue
one indicated that with UM1. Additional Figure 4: subcellu-
lar location of LEMDI-ASI. Fish assay revealed that
LEMD1-AS1 mainly is located in the cytoplasm, while a
few in the nucleus. Red shows LEMD1-AS1, and blue shows
nucleus; scale bar = 50 ym. Additional Figure 5: expression
of LEMDI1AS1 and LEMDI1 in transfectants. (A) LEMD1-
ASI knockdown efficiency in OSC19 and CAL27 with Smart
Silencer. (B) LEMD1-AS1 overexpression efficiency in UM2
and OSC3 with lentivirus. (C) LEMD1 mRNA expression
level was decreased in LEMD1-AS1-knockdown OSCC cells.
(D) LEMDI mRNA expression level was elevated in
LEMD1-AS1-overexpressing OSCC cells. Additional Figure
6: CCK8 assay implied that LEMD1-AS1 was not able to
influence the cell growth in OSCC cells. (A) Knockdown of
LEMD1-AS1 in OSC19 and CAL27 cells did not affect cell
growth. (B) Overexpression of LEMD1-AS1 in UM2 and
OSC3 cells did not change the ability of growth. SS:
LEMDI1-AS1 Smart Silencer; NC: normal control; OE:
LEMDI1-AS1-overexpressing. Additional Figure 7: apply 3
sequences of siRNA to inhibit LEMDI1 expression. Among
these, si3# had the highest transfection efficiency. Additional
Figure 8: Western Blotting showed that the level of PI3K-
AKT pathway-related proteins was increased in LEMD1-
ASl-overexpressing OSC3 cells compared to the control
cells. Additional Figure 9: the metastasis ratio of two groups
(LEMD1-AS1-overexpressing and normal control (NC)).
(Supplementary Materials)
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Epstein-Barr virus (EBV) is a common virus worldwide that is an etiologic agent in the development of many diseases, including
cancer. Recent reports have shown the association of EBV with tumorigenesis in head and neck squamous cell carcinoma
(HNSCC). Moreover, EBV has been reported to be present in tonsillar tissues, which suggests a close relationship between viral
infections and tonsillar diseases, including chronic tonsillitis. The aim of the study was to analyze the prevalence of EBV DNA
in 86 patients with HNSCC, in 70 patients with chronic tonsillitis, and in 144 healthy individuals (control group) and the
associations between EBV infection and clinicopathological and demographic characteristics and the use of stimulants in all
study groups. The objective of this study was also to analyze the prevalence of coinfection with human papillomavirus (HPV).
After prior DNA isolation, EBV detection was performed using an EBV kit by real-time polymerase chain reaction. The
prevalence of EBV infection in patients with HNSCC, patients with chronic tonsillitis, and the control group was 47.7%, 60%,
and 24.3%, respectively. Compared to controls, a significantly higher prevalence of EBV in patients with chronic tonsillitis and
HNSCC may suggest that EBV is a potential risk factor. No association was found between EBV infection and demographic or
clinical data. Further studies are warranted due to inconclusive reports that were mainly related to geographic distribution,
sample type, and detection technique. Considering the prevalence of the virus and the risk of serious diseases, attention should
be paid to screening diagnosis and prevention of the infection.

1. Introduction

Epstein-Barr virus belongs to the gammaherpesviruses and
is composed of an icosahedral capsid of more than 100 nm
in diameter, consisting of 162 capsomeres, which envelops
a double-stranded deoxyribonucleic acid (DNA) molecule
[1]. Moreover, there are two EBV types, namely, EBV-1

and EBV-2 (previously known as EBV-A and EBV-B). The
virus is spread through body fluids, mainly saliva, blood,
and semen [2]. The symptoms of EBV infection may vary,
depending on age and immunity. They are mostly mild
benign in younger individuals [3]. According to various
sources, 90-95% of the adult population is infected with
EBV, regardless of socioeconomic status and place of
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residence. Recently, interest in EBV has increased signifi-
cantly due to the reports on the potentially oncogenic nature
of the virus [4, 5]. Studies showed that EBV could be
involved in initiating and/or enhancing epithelial-
mesenchymal transition (EMT), which is important in can-
cer progression and metastasis [6-9]. It has been reported
that among oncogenic viruses, EBV may be associated with
the development of tumors in head and neck squamous cell
carcinoma (HNSCC) [10].

HNSCC is a disease related to important anatomical
regions such as the oral cavity, the nasopharyngeal cavity,
and the larynx [11]. HNSCC is the sixth most prevalent can-
cer worldwide (890,000 new cases and approximately
450,000 deaths annually) [12]. About 90% of all cancers of
the head and neck region originate from squamous cells
[13]. The occurrence of these cancers is strongly related to
environmental factors and lifestyle. Studies have shown that
increased risk factors for HNSCC include tobacco exposure
and alcohol abuse [14-16].

The term “chronic tonsillitis” is not clearly defined, and
it usually refers to a sore throat lasting more than 3 months
accompanied by the inflammation of the tonsils with lymph
node reaction [17]. Most chronic inflammation occurs in the
palatine and/or pharyngeal tonsils [18]. Inflamed tonsils are
a focus of infection that can have a significant impact on
other organs. In chronic inflammation, tonsillectomy is usu-
ally performed [19].

The aim of the study was to analyze the prevalence of EBV
DNA in patients with HNSCC, in patients with chronic tonsil-
litis, and in healthy individuals and the associations between
EBV infection and clinicopathological and demographic char-
acteristics and the use of stimulants in all study groups. The
objective of this study was also to analyze the prevalence of
coinfection with human papillomavirus (HPV).

2. Material and Methods

2.1. Study Population and Specimen Collection. The study
was approved by the Bioethics Committee (Institutional
Review Board on Medical Ethics, No. KNW/0022/KB1/49/
16 and No. KNW/0022/KB1/49/11/16/17). All volunteers
gave written informed consent before participating in the
study.

The study was comprised of 300 patients, including 86
subjects with HNSCC and 70 patients with chronic tonsilli-
tis. The control group consisted of 144 healthy individuals.
Information on demographic variables including age, sex,
and the use of stimulants such as alcohol and tobacco was
collected from all patients and healthy individuals. Patients
in the study groups were diagnosed in the Department of
Otorhinolaryngology and Oncological Laryngology in Zab-
rze, Medical University of Silesia in Katowice. Cancer sam-
ples were obtained during surgical resection and tonsillar
tissue samples during tonsillectomy.

The diagnosis of HNSCC in the tumor tissues was made
by routine histological assessment after surgical resection. In
the group with chronic tonsillitis, the samples were histolo-
gically verified by a pathologist after sampling during tonsil-
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lectomy. The samples from both groups were stored at -80°C
until further analysis after being frozen in liquid nitrogen.

Buccal epithelial scrapings were collected from healthy
volunteers. The oral mucosa of cheeks was scraped with a
cotton swab stick followed by the DNA extraction. All
molecular analyses were performed at the Department of
Medical and Molecular Biology, Faculty of Medical Sciences
in Zabrze, Medical University of Silesia. Moreover, the HPV
infection status of all study participants was obtained from
our previous study to analyze coinfections [20].

2.2. Study Groups. The HNSCC group consisted of 86
patients (mean age 57.9 + 11.7 years); this group consisted
of 28 (32.6%) women and 58 (67.4%) men (Table 1). In 86
patients, the anatomical sites of tumors were as follows: the
tongue (n=42, 48.8%), the floor of the mouth (n =16,
18.6%), the mandible (n = 15, 17.4%), the left palatine tonsil
(n=7,8.1%), the cheek and the soft palate (n =6, 7.0%), and
the right palatine tonsil (n=5, 5.8%). One case of HNSCC
was found in the retromolar trigone (1.2%). In addition, in
22 patients (25.6%), tumors were detected in more than
one location. Radiation therapy or chemotherapy was not
administered to any patient prior to tumor excision surgery.
The clinical stage of tumors was characterized according to
the TNM classification of the American Joint Committee
on Cancer (AJCC) 8™ edition [21]. The detailed clinical data,
including T-classification (T), lymph node status (N), and
histological grade (G), are given in Table 2.

The chronic tonsillitis group was composed of 70
patients (mean age 33.3+ 11.2 years); this group included
36 (51.4%) women and 34 (48.6%) men (Table 1).

The healthy control group consisted of 144 individuals
(mean age 40.8 + 16.6 years); this group was composed of
91 (63.2%) women and 53 (36.8%) men (Table 1).

2.3. DNA Preparation. All tumor and tonsillar tissue samples
were slowly thawed and homogenized with Lysing Matrix A
ceramic beads in FastPrep®-24 (MP Biomedicals, Irvin, Cal-
ifornia, USA), and then, DNA was isolated using a Gene
Matrix Tissue DNA Purification Kit (EURx, Gdansk,
Poland) according to the standard procedures. In case of a
control group, DNA was isolated from buccal epithelial cells
using a GeneMATRIX Swab-Extract DNA Purification Kit
(EURx, Gdansk, Poland) according to the manufacturer’s
instructions. The quantity and quality of the extracted
DNA were analyzed using a spectrophotometer (NanoPhot-
ometer Pearl, Implen, Germany).

2.4. EBV Detection by Polymerase Chain Reaction. EBV
detection was performed with EBV PCR Kit (EBV/ISEX/
100, GeneProof, Brno, Czech Republic) using real-time
PCR according to the manufacturer’s protocol using Quant-
Studio 5 (Thermo Fisher Scientific, Waltham, Massachu-
setts, USA). The method consists in amplifying a specific
conserved DNA sequence of a single copy gene encoding
nuclear antigen 1 (EBNA1) and measuring the increase in
fluorescence. The presence of EBV is indicated by the
increase in fluorescence of the FAM fluorophore. An inter-
nal standard (IS) was included in the reaction mixture,
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TaBLE 1: Summary of the main characteristics of the study participants.

HNSCC Chronic tonsillitis Control All
n (%) n (%) n (%) n (%)
S Female 28 (32.56%) 36 (51.43%) 91 (63.19%) 155 (51.67%)
ex
Male 58 (67.44%) 34 (48.57%) 53 (36.81%) 145 (48.33%)
Smoki Yes 59 (69.41%) 10 (14.29%) 25 (17.36%) 94 (31.44%)
mokin
g No 26 (30.59%) 60 (85.71%) 119 (82.64%) 205 (68.56%)
, o Yes 56 (65.12%) 21 (30%) 107 (74.31%) 184 (61.33%)
Occasional drinking
No 30 (34.88%) 49 (70%) 37 (25.69%) 116 (38.67%)
o Yes 42 (48.84%) 2 (2.86%) 10 (6.94%) 54 (18%)
Regular drinking
No 44 (51.16%) 68 (97.14%) 134 (93.06%) 246 (82%)
, o Yes 43 (50%) 6 (8.57%) 23 (15.97%) 72 (24%)
Both smoking and drinking
No 43 (50%) 64 (91.43%) 121 (84.03%) 228 (76%)

TaBLE 2: Clinical data of the HNSCC group.

n (%)
Clinical T-classification 86 (100.00)
T1 10 (11.6)
T2 22 (25.6)
T3 26 (30.2)
T4 28 (32.6)
T1+T2 32 (37.2)
T3+T4 54 (62.8)
Lymph node status 86 (100.00)
NO 39 (43.3)
N1 21 (24.4)
N2 23 (26.7)
N3 3 (3.5)
N1+N2 44 (51.2)
Histological grade 86 (100.00)
Gl 13 (15.1)
G2 54 (62.8)
G3 19 (22.1)
G1+G2 66 (76.7)

which also controls the quality of the DNA extraction pro-
cess. Positive IS amplification was detected in the fluores-
cence channel of the HEX fluorophore.

2.5. HPV Detection and HPV Type Determination. HPV
infection status of all study participants was obtained from
our previous study [20]. HPV detection and identification
of subtypes were performed by GenoFlow HPV (Human
Papillomavirus) Array Test Kits (DiagCor Bioscience Inc.,
Hong Kong). Colored dots on the membrane indicated pos-
itivity and were recorded by scanning (CapturePro Image,
CaptureREAD 3.1.; DiagCor Bioscience Inc., Hong Kong).
All runs included positive and negative controls and ampli-
fication and hybridization controls.

2.6. Statistical Analysis. The Kruskal-Wallis test and the
Fisher exact test were used to compare the groups based

on the EBV status and age, sex, smoking, occasional/regular
alcohol consumption, and both alcohol and tobacco use. The
EBV status and EBV and HPV coinfection impact on clinical
T-classification (T), lymph node status (N), histological
grade (G), and localization of the primary tumor were
assessed using the Kruskal-Wallis and Fisher exact tests.
All statistical analyses were performed using the STATIS-
TICA 13.3 software (StatSoft. Inc., Tulsa, Oklahoma, USA)
with the significance level of a < 0.05 for complete sets of
clinical data. Therefore, some patients or controls were
excluded from the study.

3. Results

3.1. The Prevalence of EBV in All Study Groups. EBV was
present in 60% (42/70) of patients with chronic tonsillitis,
which was significantly higher (p < 0.05) than in the control
group (24.3%, 35/144). However, it was not significantly
(p=0.13) more prevalent than in the HNSCC group
(47.7%, 41/86). EBV-positive status was significantly more
prevalent in the HNSCC group and chronic tonsillitis group
than in the healthy control group (p < 0.05, Figure 1).

Coinfection of HPV and EBV was the most prevalent in
the group with chronic tonsillitis (15.7%). In the HNSCC
group, coinfection occurred in 11.6% of patients while in
the control group only in 7.6% (Figure 1). Coinfection of
EBV with HPV was significantly higher in HNSCC patients
with lymph node status N2 (Table S1). This effect could only
be observed in patients with coinfection. No other significant
differences were observed in terms of the prevalence of
coinfection.

3.2. Clinical and Demographic Data, the Use of Stimulants,
and the EBV Status in the Groups with HNSCC and
Chronic Tonsillitis and in the Control Group. No significant
association was found between the EBV status and age,
sex, smoking, occasional/regular alcohol consumption, or
both alcohol consumption and smoking in groups with
HNSCC and chronical tonsillitis or in the control group.
Additionally, no significant association was found between
the EBV status and clinical T-classification (T), lymph node
status (N), histological grade (G), or the location of the
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FIGURE 1: Percentage of positive EBV cases and coinfection of EBV
and HPV in all study groups.

primary tumor in HNSCC patients. When analyzing all
samples (1 = 300), we found only one significant association,
which was the lower prevalence of EBV infections in the
group of occasional and regular alcohol users (Table S2).

4. Discussion

Epstein-Barr virus (EBV) is the first herpesvirus to be linked
to cancer and is known to infect most of the adult human
population. The EBV life cycle is divided into a lytic phase
and a latent phase. Expression of latent EBV genes in
infected epithelial cells is probably associated with their
transformation into cancer cells [22].

The aim of the study is to clarify whether EBV has any
impact on the biological behaviour of HNSCC carcinogenesis
and chronic inflammation process by analyzing EBV preva-
lence and clinicopathological and demographic characteristics
in HNSCC patients, in patients with chronic tonsillitis, and in
healthy individuals. Our analysis also focuses on external envi-
ronmental factors, such as alcohol use and cigarette smoking,
and coinfection with human papillomavirus (HPV).

Polz-Gruszka et al. [23] conducted a study on a Polish
population and reported that EBV was detected in 57.5%
(46/80) of samples, including 60% (30/50) of laryngeal carci-
nomas and 53.3% (16/30) of oropharyngeal carcinomas. In
addition, the virus has been reported more frequently in
patients over 50 years of age (66.7%) [24]. In another study
by Polz-Gruszka et al. [24], which included 154 patients with
primary oral squamous cell carcinoma (OSCC) and oropha-
ryngeal squamous cell carcinoma (OPSCC) in the Polish
population, it was shown that 27.3% of all tested specimens
were positive for EBV, in oropharyngeal 29.1%, and in oral
cavity 26.1% [24]. In a study involving 78 patients with his-
tologically confirmed OPSCC and 40 healthy controls from
Poland, EBV DNA was detected in 51.3% of tumor samples
and 20% of controls [25]. In a subsequent study based on
146 Polish patients, the prevalence of EBV infection was
34.3% in oropharyngeal cancer and 8.6% in cancer of the
oral cavity [26]. In our study, EBV was present in 47.7% of
cases in HNSCC. Such different results of EBV detection
may be related to the differences in the HNSCC groups, par-
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ticularly connected with various locations of primary
tumors. She et al. conducted an important meta-analysis to
examine the association of EBV with OSCC [27]. The results
of 13 studies [28-40] suggested a positive association
between EBV infection and the risk of OSCC. The total
number of participants was 686 patients and 433 controls.
Nine studies used paraffin-embedded tissues and four stud-
ies used fresh frozen tissues. Different detection techniques
such as PCR, nested PCR, RT-qPCR, IHC (immunohisto-
chemistry), and ISH (in situ hybridization) were used to
detect EBV [27]. These tests showed differential detection
of EBV. Therefore, adopting adequate methodology and
techniques is crucial in the detection of EBV. There is still
no gold standard in this type of research. Moreover, data
suggests that the role of EBV in OSCC might depend on
the geographical location [41]. Jaloluli et al. [42] detected
EBV in the samples of OSCC from 8 different countries
(Norway, UK, Sweden, USA, Sri Lanka, India, Sudan, and
Yemen). Of the 155 oral carcinomas, 85 (55%) were positive
for EBV. EBV-positive samples (80%) were the most preva-
lent among the UK patients.

In our study in HNSCC cases, coinfection of EBV and
HPV occurred in 11.6% of patients. Moreover, coinfection
was associated with pathoclinical features. In the group of
patients with the lymph node status of N2, coinfection of
EBV and HPV was observed more frequently. In a study
by Polz-Gruszka et al. [24] conducted on the Polish popula-
tion, coinfection with EBV and HPV was detected in 15% of
samples [24]. In another study by Polz-Gruszka et al. [24],
which was conducted on the Polish population of 154
patients with primary OSCC and OPSCC, the coinfection
of HPV and EBV was detected in 7.8% (12/154) of the
patients, 9.7% (6/62) among oropharyngeal patients, and
6.5% (6/92) among oral cavity patients. No correlation was
found between HPV or EBV infection and age or tobacco
smoking [24]. In another study, which was aimed at analyz-
ing the prevalence of coinfection with HPV, EBV, and poly-
oma BK virus (BKPyV) in oral, oropharyngeal, and laryngeal
squamous cell carcinomas in 146 Polish patients, a single
infection was detected in 43.8% of the samples and mixed
infections in 56.2%. Coinfections for HPV/EBV, HPV/
BKV, and EBV/BKV were detected in 34.1%, 22%, and
23.2% of samples, respectively. All three tested viruses were
present in 17 specimens. HPV was more often detected in
oral cavity cancer patients (44.5%) while EBV in oropharyn-
geal cancer (57.1%). EBV was also detected in laryngeal can-
cer (34.3%) and in oral cavity cancer (8.6%) patients. Grade
G3 and stages N1 and N2 were the most common in patients
with HPV/EBV coinfection. Stages N1 and N2 were charac-
teristic of infection with all three viruses. Grade G3 was pres-
ent four times higher in HPV/EBV coinfection, five times
higher in EBV/BKV coinfection, and ten times higher in
samples with all three viruses in contrast to only EBV detec-
tion [26]. Jiang et al. suggested that the presence of EBV
infection may promote the invasiveness of HPV-positive
OPSCC tumors [43]. On the other hand, the presence of
HPV may increase the pathogenic effects of EBV in the oral
cavity by affecting epithelial cells and prolonging EBV cell
cycle [44]. Contrary to that study, Guidry et al. [45] showed
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a change in the life cycle of EBV after infection with HPV of
the immortalized epithelial tissue. HPV-related cell changes
contributed to the formation of a latent EBV infection [45].

Some authors showed that EBV was also detected in ton-
sillar diseases, including chronic tonsillitis [46-50]. In our
study population, we observed statistically significant differ-
ences in the incidence of EBV-positive cases between the
group with chronic tonsillitis and the control group
(p <0.05; 60% vs. 24.3%). Some authors indicated a differen-
tial frequency of the virus in recurrent tonsillitis and hyper-
trophic tonsillitis ranging from 26 to 43% [48, 51-54]. It is
reported that the prevalence of EBV associated with tonsilli-
tis varied depending on the method [48]. Higher detection of
EBV in tonsillar tissues was demonstrated in studies using
PCR, which is considered a rapid, specific, and sensitive
method to detect minimal amount of viral DNA as reported
by Peiper et al. [55]. Using this method, our study showed
the presence of EBV in the tonsillar tissues of patients with
chronic tonsillitis in 42/70 (60%) cases. Similarly, other stud-
ies related to chronic tonsillitis indicated the presence of
EBV in 54.1% of cases (13/24) [47] and in 46% of cases
(23/50) [49]. Other reports of noncancerous tonsillitis
detected the virus in most cases, i.e., in 53.6% [56] and
58% in chronic hyperplasic tonsillitis [57] and in 64% in
tonsils of acute infectious mononucleosis [58]. It is suggested
that oral and pharyngeal epithelial cells, particularly the ton-
sillar tissue, are considered the main reservoir of EBV [48,
57]. Furthermore, other studies suggested tonsil lympho-
cytes as the site of virus replication [49, 50, 53].

Gonzalez-Lucano [49] reported that younger age of
patients with chronic tonsillitis was associated with higher
presence of EBV [49]. Such reports were also confirmed by
other studies on noncancerous tonsillar tissue, such as recur-
rent and hypertrophic tonsillitis [46, 48, 51]. It is suspected
that EBV may infect the tonsils of children and thus contrib-
ute to the development of recurrent and hypertrophic tonsil-
litis [48]. Another hypothesis is that overuse of antibiotics
leads to changes in the tonsillar microbiome and increases
the risk of viral infections of tonsils [47]. In our study, we
did not observe a correlation between the age of patients
with chronic tonsillitis and an increased prevalence of
EBV. In our study group, it can be explained by the absence
of children, who usually have high EBV copy number. How-
ever, time and maturation of virus-specific immunity are
essential factors in suppression [56].

In addition, our study showed 15.7% EBV/HPV coinfec-
tion in the chronic tonsillitis group. A search of databases
(PubMed and Medline) revealed no other reports suggesting
coinfection in chronic tonsillitis. Xue et al. who examined
samples of children with tonsillar or adenoid hypertrophy
demonstrated EBV infection in 45% of tonsillar tissues but
found no EBV/HPV coinfection in any patient [59]. Similar
results were obtained by Jiang [43], who observed EBV
infection in 20% of noncancer base of tongue samples. How-
ever, HPV was not confirmed [43]. In a study of patients
with nonmalignant tonsils, of the above viruses, only
DNA-EBV was detected in more than half of the samples.
The authors concluded that HPV and EBV infected inde-
pendently of each other [60]. Interestingly, in vitro studies

suggest that in the case of coinfection in oral squamous epi-
thelial cells, the presence of HPV may increase the patho-
genesis of EBV [44].

To conclude, it seems that the etiology of chronic tonsillitis
can be related to EBV. Further research should focus on explain-
ing the role of EBV infection in chronic tonsillitis in a larger
population. The data could be useful in designing public health
strategies, including clinical examination and EBV testing.

The prevalence of EBV in healthy individuals ranges from
0 to 90%. In our case-control study, we detected 24.3% (35/
109) cases of EBV in oral swab specimens, which is in line with
other reports in which EBV was detected in 18.1% (17/94) of
samples of exfoliated oral cells [61], in 22% (34/157) of throat
washings [62], and in 20% (4/20) of samples of squamous epi-
thelial cells collected by scraping [63]. EBV DNA was found in
saliva in more than 30% of cases [64, 65], which is in line with
Mao and Smith [66] who reported that 25% (15/60) of non-
smokers and occasional alcohol users showed EBV positivity
[66]. No association was found between the EBV status and
demographic factors or the use of stimulants, including smok-
ing and drinking alcohol, which is in line with other studies [66,
67]. However, Kuri et al. reported more frequent EBV seropos-
itivity in women [68]. Mao and Smith [66] showed a statisti-
cally insignificant relationship between older age (>60 years)
and the prevalence of EBV [66]. Several studies found that
the prevalence of EBV increased with age [64, 68]. Contrary
to these reports, Gupta et al. observed EBV most frequently
in the age group of 30-39 years [69]. Another study reported
no effect of older age on the prevalence of EBV [38]. The virus
was also detected in serum samples in 61% [69] and 85.3% of
cases [68]. Significantly higher results were shown in a study
in which the virus was detected in 90% (43/48) of throat wash-
ings of adult patients, which coincides with the overall data on
EBV seropositivity in the Japanese population [64].

In our study, we detected viral coinfection in 7.6% of
healthy volunteers. A similarly low result of several percent
was obtained by McCormick et al. (13.3%) [70] and Lattario
et al. (15%) [71] for cervical samples from healthy individ-
uals. In a Polish study, the authors reported HPV (2.5%)
and EBV (20%) infection in serum and saliva samples [25].
In the Tunisian study by Kahla et al., no HPV or EBV infec-
tion was detected in cervical biopsies of the control group
[72]. Further research into the mechanisms related to HPV
and EBV cooccurrence, as well as screening of healthy indi-
viduals for early detection of oncogenic viruses that affect
the risk of cancer progression, is important [72].

Rapid advances in scientific fields such as molecular biol-
ogy, genetic engineering, and virology have contributed to
the development of new vaccine options, both for the preven-
tion of primary infections and subsequent chronic diseases.
Because EBV is related with many malignancies including
HNSCC, development of EBV vaccine is also required.

5. Conclusion

In conclusion, the prevalence of EBV in HNSCC and
chronic tonsillitis was significantly higher than in the control
group, which suggests that EBV may be defined as a poten-
tial risk factor for these diseases. The findings showed that



oncogenic viruses, including EBV, are not the only risk fac-
tors in the development of HNSCC but may promote carci-
nogenesis with other etiological factors. Considering the
prevalence of the virus and the risk of a serious disease,
attention should be paid to screening diagnosis and preven-
tion of the infection. In addition to the need for widely avail-
able rapid methods to effectively detect EBV, a prophylactic
EBV vaccine would be promising in the prevention of EBV-
associated cancers.
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Our study is aimed at constructing and validating a UPR-associated gene signature to predict HNSCC prognosis. We obtained 544
samples of RNA sequencing data and clinical characteristics from TCGA database and randomly grouped the samples into
training and testing cohorts (1:1 ratio). After identifying 14 UPR-associated genes with LASSO and univariate Cox regression
analysis, HNSCC samples were categorized into low-risk (LR) and high-risk (HR) subgroups depending on the risk score. Our
analyses indicated that low-risk patients had a much better prognosis in the training and testing cohorts. To predict the
HNSCC prognosis with the 14 UPR-associated gene signatures, we incorporated the UPR gene risk score, N stage, M stage,
and age into a nomogram model. We further explored the sensitivity to anticancer drugs by using the IC50 analysis in two
subgroups from the Cancer Genome Project database. The outcomes showed that the AKT inhibitor IIT and sorafenib were
sensitive anticancer drugs in HR and LR patients, respectively. The immune cell infiltration analysis and GSEA provided
strong evidence for elucidating the molecular mechanisms of UPR-associated genes affecting HNSCC. In conclusion, the UPR-
associated gene risk score, N stage, M stage, and age can serve as a robust model for predicting prognosis and can improve

decision-making at the individual patient level.

1. Introduction

Head and neck squamous cell carcinoma (HNSCC) is the sev-
enth most common malignant neoplasm globally. There were
an estimated 931.7 thousand new cases of HNSCC worldwide
in 2020, and more than 467,100 individuals died of this disease
[1-3]. Smoking, alcohol abuse, and areca nut chewing are risk
factors for HNSCC. Recent studies have shown that viruses
may be extremely associated with an increased risk of HNSCC
development, together with persistent infections by EBV and
HPV [4-7]. HNSCC is characterized by a high degree of
malignancy, high metastasis rate, and poor clinical prognosis
[8]. The 5-year survival rate of HNSCC is less than 50% [4,
6, 9]. The prognosis of HNSCC is connected directly to the
tumor stage, cervical lymph node, and distant metastasis.
The TNM staging system of the AJCC is widely used to evalu-
ate the prognosis of HNSCC clinically. However, there is a

common phenomenon in clinical practice: patients with simi-
lar clinical stages show different prognostic outcomes to some
extent, which suggests that TNM staging is not an accurate
predictor of survival. Therefore, it is urgent to find an effective
and reliable biomarker to help doctors assess the prognosis of
patients accurately and formulate a personalized diagnosis and
treatment plans.

Activation of the unfolded protein response (UPR) plays
an essential role in tumor transformation. The UPR is
chronically activated in general tumor cells, and it is believed
that this state is a mechanism that leads to antiapoptosis and
drug resistance of tumor cells [10-14]. When cancer cells
suffer from internal and external challenges such as onco-
gene activation and hypoxia, misfolded proteins accumulate
in the endoplasmic reticulum (ER) lumen [15]. To maintain
the ER in a stable environment under this condition, cells
initiate signaling cascades that reduce protein synthesis,


https://orcid.org/0000-0002-2023-8409
https://orcid.org/0000-0003-4198-7166
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/8677309

upregulate the expression of chaperones and folding
enzymes, and induce accelerated degradation of misfolded
proteins. Adaptive changes in cells make up the UPR [16].

Cells may adapt to adversity and survive by initiating
autophagy via the UPR. However, the UPR transforms from
a cellular protective response to a cytotoxic response that
promotes apoptosis when ER stress is not alleviated [10].
Cancer cells hijack the UPR by activating UPR sensors, such
as ATF6, IREla, and PERK, and their main regulatory fac-
tors, such as GRP78, allow drug resistance. Therefore, inhi-
biting the UPR pathway makes cancer cells more sensitive
to conventional/targeted drug therapy [16, 17]. A recent
study [18] found that tumor cells escaped the immune
response by modulating immune cell activity in the tumor
microenvironment via the UPR. Consequently, the UPR
may provide a new way to judge the prognosis of patients
with HNSCC. However, few investigations have explored
whether the UPR is associated with survival outcomes in
HNSCC.

Our study screened UPR-associated genes that were
strongly connected with the prognosis of HNSCC. Fourteen
UPR-associated genes were verified as prognostic biomark-
ers by survival analysis. The half-maximal inhibitory con-
centration (IC50) analysis, immune infiltration analysis,
and a prognostic nomogram were carried out to help
improve the understanding of survival prediction for
HNSCC patients. Our study elucidated the molecular mech-
anism of UPR-associated genes affecting HNSCC, and UPR-
associated gene may provide prognostic guidance for clinical
diagnosis and treatment.

2. Materials and Methods

2.1. Data Acquisition of HNSCC Datasets. We downloaded
and extracted the clinical and raw RNA-seq info of 500
HNSCC patient samples and 44 paracancerous samples
from TCGA database. HNSCC patients were randomized
to training and testing cohorts (1:1 ratio). The microarray
expression and clinical data of a tongue cancer patient
cohort (GSE41613) were used for external verification of sig-
natures, which were obtained from the GEO database.

2.2. ssGSEA. The HNSCC RNA-seq expression data were
analyzed by using the ssGSEA method with the GSVA [19]
package according to the hallmark gene set. The univariate
Cox regression was carried out according to ssGSEA values
and HNSCC clinical information. The hallmark items were
ultimately filtered for subsequent analysis according to the
Cox results. Considering the criteria of p <0.05 and maxi-
mum HR value, we selected UPR for subsequent analysis.

We performed WGCNA [20] with the WGCNA R pack-
age based on the HNSCC RNA-seq data of each gene and
screened target genes. The correlation between the screened
hallmark ssGSEA value and each coexpression module was
calculated. The modular genes with the best correlation
(the largest absolute value of the correlation coefficient) were
selected for subsequent analysis.

The genes in the selected coexpression module had the
best correlations with the ssGSEA value of the specified item.
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According to the clinical data, the survival [21] package was
applied for the univariate Cox regression analysis on each
gene, and genes with p <0.01 were selected for LASSO
model construction.

2.3. Construction and Validation of the UPR-Associated Gene
Prognostic Signature. The glmnet [22] package was used to
perform the LASSO regression analysis on the basis of the
gene expression and clinical data acquired from the training
group corresponding to the above screening results. After
calculating the regression coefficients corresponding to each
gene, the marker gene with regression coefficients not equal
to 0 was determined. Survival and receiver operating charac-
teristic (ROC) analyses were performed to verify the impact
of the risk score on the prognosis of HNSCC patients and
generate ROC curves based on the risk score and clinical
information. According to the LASSO model and the expres-
sion level of each gene, the predict.cv.glmnet function was
used to compute the risk score of each sample in the two
groups.

Samples in the training and testing groups were divided
into HR and LR groups according to the median risk score
for survival analysis. ROC curve analysis was carried out to
verify the LASSO regression model results. Combining the
training and testing group data, we verified the LASSO
regression model results and performed ROC analysis again.
The GSE41613 dataset was used for external validation. The
Cox regression model obtained from the training group was
used to predict the risk of each sample in GSE41613, in
which unrecorded genes were replaced by 0 values.

We grouped TCGA cohort by T stage, N stage, M stage,
sex, age, histological grade, and pathological group. The Wil-
cox.test function in the R package was used to test the risk
score in the above groups, and the correlation between some
clinical data and the risk score was calculated.

2.4. Analysis of Sensitivity to Anticancer Drugs. According to
the CGP database and the expression levels of UPR-
associated genes in each HNSCC sample, the pRRophetic
R package [23] was used for the IC50 test. After dividing
the samples into HR and LR groups of UPR-associated gene
expression by the median risk score, we calculated the IC50
score between the two groups with the limma [24] R
package.

2.5. Analysis of Immune Infiltration. The CIBERSORT [25]
software was used to score the immune infiltration of each
sample according to the expression values of genes. The cor-
relations between the scores of all 22 immune cells were esti-
mated. The Wilcoxon test was applied to test the differences
in immune scores between the HR and LR groups.

2.6. Construction and Verification of the Nomogram Model.
We developed a nomogram using the rms package and
combined the risk score with various clinical factors
obtained in the LASSO analysis to perform a nomogram
analysis. Afterward, the nomogram risk score of each sample
was calculated. The survival, ROC, and Cox analyses were
finally verified.
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FiGure 1: Flow diagram for developing and validating a UPR-associated gene prognostic model.

3. Results and Discussion

3.1. Construction of the UPR-Associated Gene-Bas Prognostic
Signature. The workflow of our investigation is demon-
strated in Figure 1. First, we enrolled a total of 544 samples
with RNA-seq data and clinical information, including 44
paracancerous samples from TCGA database. After ssGSEA
with the GSVA package according to the hallmark gene set,
the HNSCC cohort samples were subjected to the univariate
Cox regression analysis to explore pathways associated with
prognosis. A total of 499 cancerous samples with survival
information were used in this procedure. Considering the
criteria of p <0.05 and maximum HR value, we selected
UPR-associated genes for subsequent analysis (Figures 2(a)
and 2(b) and Table 1). According to the median ssGSEA
scores in the UPR gene set, the HNSCC cohort samples were
divided into HR and LR groups, and survival analysis was
performed. The overall survival (OS) and disease-free sur-
vival (DFS) of HNSCC were significantly different between
the two groups (Figures 2(c) and 2(d)). ROC curves from 1
year to 10.5 years (Figures 2(e) and 2(f)) revealed that the
areas under the curve (AUCs) were all greater than 0.5,

and the best cutoff value was 0.607 (5 years). The results
indicate that the UPR-associated gene signature may predict
long-term survival in patients with HNSCC.

A coexpression analysis was applied using the WGCNA
package, and the correlations between the ssGSEA score of
the hallmark UPR-associated gene and each coexpression
module were calculated. Genes in the module with the best
correlations were selected for subsequent analysis. According
to clinical data, the survival package was used for the Cox
regression analysis of the selected genes, and candidate genes
(p < 0.01) were used in the LASSO model construction.

At a 1:1 ratio, 499 samples were randomly divided into
test and training groups. Based on the expression of these can-
didate genes in the training group and clinical data in TCGA
database, the LASSO regression analysis was conducted.
Genes with regression coefficients that were not equal to 0 in
the LASSO regression analysis (lambda=0.0489, min =
0.0276) were selected as marker genes (Figures 3(a) and
3(b)), and we obtained 14 marker genes (Figure 3(c)). A risk
score was calculated for each sample using the predict.cv.glm-
net function based on the Cox regression model and the
expression levels of each gene (Figure 3(d)).
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FIGURE 2: A prognostic signature based on genes associated with UPR. (a) Heatmap of the ssGSEA score of each item. (b) Heatmap of
ssGSEA score correlations between items. (c¢) OS of the HR and LR groups. (d) DFS of the HR and LR groups. (e) Time-dependent ROC
curves of the UPR-associated gene signature from 1 year to 10.5 years. (f) ROC curves for 3, 5, and 7 years.

TaBLE 1: Cox regression results of hallmark items.

Term p value HR
HALLMARK_MYC_TARGETS_V1 0.011703 179594.1
HALLMARK_MTORC1_SIGNALING 4.29E - 05 1.59E + 10
HALLMARK_OXIDATIVE_PHOSPHORYLATION 0.030742 1266.05
HALLMARK_PROTEIN_SECRETION 0.018633 141007.4
HALLMARK_TGF_BETA_SIGNALING 0.067779 381.6219
HALLMARK_UNFOLDED_PROTEIN_RESPONSE 3.63E-05 551E+12
HALLMARK_MITOTIC_SPINDLE 0.736746 0.291637
HALLMARK _MYC_TARGETS_V2 0.05255 122.3036
HALLMARK_G2M_CHECKPOINT 0.495757 5.585005
HALLMARK_REACTIVE_OXYGEN_SPECIES_PATHWAY 0.061818 2061.022

3.2. Evaluation of the UPR-Associated Gene Prognostic
Signature in the Internal and External Validation Cohorts.
Based on the median risk score, we divided the training
and testing groups into HR and LR groups for the validation
of the LASSO Cox regression results. The results demon-
strated that the difference in OS was significant between
the HR and LR groups (Figures 4(a) and 4(c)). The 10-year
AUC of the training group was 0.772, and the 10-year
AUC of the test group was 0.727 (Figures 4(b) and 4(d)).
After merging the data, the results also showed the same
trends for the HR and LR groups (p=2.31E-12, HR=

2.704), and the 10-year AUC was 0.74 (Figures 4(e) and
4(f)). Our results indicated that low-risk patients had a bet-
ter prognosis in the training (HR vs. LR patients; 5-year OS:
8.8% vs. 14.4%; p < 0.001) and testing (HR vs. LR patients; 5-
year OS: 5.6% vs. 12.8%; p < 0.001) cohorts.

External validation was performed with the GSE41613
dataset. The ROC analysis revealed a 5-year AUC of 0.607
(Figures 4(g) and 4(h)), and there was a significant differ-
ence in OS between the HR and LR groups (p =3.33E - 01,
HR =1.312). LR patients also had a better prognosis (HR
vs. LR patients; 5-year OS: 29.2% vs. 49.0%; p < 0.001). The
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results from the internal and external verification cohorts
confirmed that UPR-associated genes affected HNSCC
patient survival.

3.3. Identification of Biological Characteristics Associated
with the UPR-Associated Gene Prognostic Signature. Further
exploration of the relationship between UPR-associated
genes and clinical features was performed by studying the
differences in risk scores by histopathological grade, sex,
age, T stage, N stage, and M stage. The difference in the risk
score in each group is shown in Figures 5(a)-5(f). According
to these results, sex, M stage, and pathological stage did not
affect the risk score. In Figures 5(g)-5(i), tumor purity,
lymph node status, and age were all factors that were related
to the risk score.

3.4. Construction and Validation of the Nomogram.
Although multiple prognostic factors were selected, the com-
plex interrelationships among variables and the contribution
of each factor to tumor formation and development remain
unclear. Therefore, a more comprehensive prognostic predic-
tion model is needed. In this study, we created a nomogram
model consisting of age, N stage, M stage, and the risk score
based on the point scale to predict survival in HNSCC patients
(Figure 6(a)). The nomogram model predictive accuracy was
evaluated using calibration curves and ROC curves
(Figures 6(b) and 6(c)). Based on our results, the nomogram
model is able to accurately predict OS for HNSCC patients.

3.5. Anticancer Drug Responses. To predict the response of a
cancer patient to a therapeutic agent, we performed research
on the difference in the IC50 score between the HR and LR

UPR-associated gene groups. The outcomes (Figure 7)
showed that anticancer drugs such as AKT inhibitor III,
CCT007093, vinblastine, EHT 1864, elesclomol, and
AS601245 were the most sensitive drugs in HR patients.
Sorafenib, mitomycin C, obatoclax mesylate, PHA665752,
and VX702 were the most sensitive anticancer drugs in the
LR patients. Based on these findings, guidance for clinical
treatment, which may vary depending on the type of UPR-
associated gene, is provided.

3.6. Immune Infiltration Analysis. To explore the immune
cells that may remarkably differ between different risk groups,
we performed an immune infiltration analysis. The differences
in M0 macrophages, follicular helper T cells, naive CD4 T cells,
CD8 T cells, and resting NK cells were significant between the
two test groups (Figure 8), which indicates that these immune
cells may be associated with UPR-associated gene.

3.7. Gene Set Enrichment Analysis (GSEA). We performed
GSEA to understand the potential biological processes of
UPR-associated gene, cellular components, molecular func-
tions, and pathways that may vary considerably between dif-
ferent risk groups. As shown in Figure 9(a), the positive
regulation of phosphatase activity, cellular extravasation,
and positive regulation of phosphatidylinositol 3-kinase
activity were significantly enriched in the HR group. The
establishment of protein localization to the ER, protein tar-
geting to the membrane, and protein localization to the ER
was highly enriched in the LR group. Cellular component
analysis showed that UPR-associated genes were related to
the phosphatidylinositol 3-kinase complex, phagocytic cup,
and plasma membrane raft in the HR group, and the
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FIGURE 6: An algorithm based on the UPR-associated gene signature was constructed and validated. (a) Nomogram for predicting the OS
probability of HNSCC patients. (b) Nomogram ROC curve analysis with time dependence. (c) The calibration of the nomogram for

predicting OS.

preribosome large subunit precursor, Ul snRNP, and large
ribosomal subunit were enriched in the LR group
(Figure 9(b)). Figure 9(c) shows that SH2 domain binding,

cytokine binding, and RNA polymerase II transcription fac-
tor binding were highly enriched in the HR group, and disul-
fide oxidoreductase activity, which acts on NAPDH/quinone



BioMed Research International

17

AKT.inhibitor. VIIT
CCT007093
Vinblastine
EHT.1864
Elesclomol
AS601245
PAC.1
Cytarabine
MK.2206
Erlotinib
Lenalidomide
Axitinib
LFM.A13
Etoposide
Thapsigargin
AZD6482
RO.3306
JW.7.52.1
AZD8055
Rapamycin
Temsirolimus
IPA.3
Vorinostat
Vinoralbine
Nilotinib
Cisplatin

-10

|
w
-
<
8 o
c
o

- High-risk group
I Low-risk group

Pyrimethamine
Parthenolide
CHIR.99021
PF.4708671
WH.4.023
AZ628
BMS.509744
BI.2536
CGP.082996
S.Trityl.L.cysteine
Gefitinib
Cyclopamine
GW843682X
FTL.277

Embelin

WZ.1.84

MG.132

PE562271
A.770041

VX.702
PHA.665752
Obatoclax.Mesylate
Mitomycin.C
Sorafenib

5 10
adj.P < 0.05,1t1>3

FIGURE 7: A half-maximal inhibitory concentration (IC50) analysis in the HR and LR groups.

or similar compounds as acceptors, and structural constitu-
ents of ribosomes were enriched in the LR group. Platelet
activation, gap junctions, and the thyroid hormone signaling
pathway were related to UPR-associated genes in the high-
risk group. Oxidative phosphorylation, olfactory transduc-
tion, and ribosomes were enriched in the LR group in the
KEGG pathway analysis (Figure 9(d)). By analyzing enrich-
ment analysis results, we were able to understand the molec-
ular mechanisms underlying the UPR-associated genes
affecting HNSCG, clarifying their role in affecting prognosis.

4. Discussion

The UPR is an adaptive signaling network that is evoked by
physiological and pathological conditions. Researchers have

examined the relationship between UPR activation markers
and the prognosis of cancer [26, 27]. The results demon-
strated that activation of the UPR was related to shorter
OS, increased tumor aggressiveness, and increased metasta-
sis in breast cancer, colorectal carcinoma, glioblastoma,
and hepatocellular carcinoma [28-30]. Accumulated evi-
dence also suggests that the UPR signaling pathway and
ER stress play a functional role by regulating crucial tumor
biological processes in HNSCC, including progression and
therapy resistance [16]. However, few studies have revealed
whether UPR status predicts prognosis in HNSCC patients.
Additionally, HR patients with different UPR statuses
should also be assessed for their immune status to increase
the effectiveness of their immunotherapy. Therefore, our
study is aimed at constructing a model based on UPR-
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associated genes for predicting HNSCC prognosis and fur-
ther characterizing the IC50 scores and immune infiltration
levels between the two UPR risk groups. The most signifi-
cant conclusion from this study is that UPR status is an
important determinant of prognosis in HNSCC patients,
and the UPR-associated gene risk score combined with age,
N stage, and M stage may be used to develop a robust pre-
diction model for survival analysis. The IC50 analysis and
immune infiltration analysis may improve decision-making
at the individual patient level.

The univariate Cox analysis identified 14 key UPR-
associated genes that affected HNSCC prognosis (ADGRG1,
ALDOA, ERP44, GAK, GARSI1, GHITM, MYHI11, PFKM,
PKD1, RDH11, TJP3, TPM3, TPT1, and VDACI). ER-
resident protein 44 (ERP44) is a redox sensor and regulates
the location of critical enzymes that operate in the ER.
ERP44 promotes progression in nasopharyngeal carcinoma
via its interaction with ATP citrate lyase and regulation of
epithelial-mesenchymal transition (EMT) [31]. Nasopha-
ryngeal cancer cells release exosomes expressing ERP44,
which may be delivered to adjacent cells to enhance chemo-
resistance under ER stress [32]. The above information sug-
gests that ERP44 is an important gene influencing tumor
progression and chemoresistance in HNSCC. Protein kinase
D1 (PKD1) is a member of the serine/threonine kinase fam-
ily and activates protective signals against ER stress. Several
investigations have shown that PKD1 plays a role in the reg-
ulation of various tumor-related pathways [33]. PKD1 is
closely related to the redifferentiation of keratinocytes and
the increase in cell proliferation, and it may enhance the

activity of the ERK/MAPK pathway [34]. Higher expression
of PKD1 correlated with poor differentiation in oral squa-
mous cell carcinoma [35]. PKD1 is frequently downregu-
lated at both the transcriptional and protein levels in
HNSCC cell lines [36]. However, there are no related reports
about the effects of PKD1 on the prognosis of HNSCC.
MYHII is a novel gene for predicting OS in HNSCC and
may be a drug target based on bioinformatic analysis [37,
38], but experiments supporting these findings have not
been conducted. The effects of PFKM, ADGRG1, ALDOA,
GAK, RDHI11, TJP3, TPM3, TPT1, and VDACI on the
prognosis of HNSCC and the immunological changes in
the HNSCC microenvironment have rarely been reported
and need further investigation. We also demonstrated that
the UPR-associated genes were differentially expressed in
different T stage, N stage, and histological grade groups.
We revealed that the UPR risk score was related to cancer
purity, lymph node status, and age. These results indicated
that UPR-associated genes affected the biological behavior
of HNSCC.

Several differences emerged between the prediction
results of the model and the external validation results of
the GSE41613 dataset. We speculate that this result may be
related to the classification of HNSCC. HNSCC is divided
into oral squamous cell carcinoma (OSCC), oropharyngeal
carcinoma, nasopharyngeal carcinoma, laryngeal carcinoma,
etc. The pathogenic factors of these cancers are diverse, and
survival outcomes differ in the different subsites of HNSCC
[39]. Therefore, HNSCC information in TCGA database is
relatively mixed. Deviations in the grouping of the training
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cohort and test cohort may lead to the above unsatisfactory
results. Therefore, we suggest that future analysis of the
prognosis at one subsite of HNSCC, such as OSCC, should
be based on the data of this subsite rather than on HNSCC
with mixed multiple sites. However, this model has the prin-
cipal benefit of bringing a complementary perspective to
individual tumors and establishing a scoring framework for
patients. Therefore, our nomogram may be a favorable tool
for clinicians in the future. However, whether the UPR-
associated gene model predicts the recurrence of HNSCC
is not known. This relationship is our future focus, and we
will investigate the role of UPR-associated genes in the
recurrence of HNSCC.

It is becoming increasingly recognized that heterogeneity
is significant in tumor progression and clinical decisions.
The present evidence supports that chemotherapy resistance
in cancers is linked to the UPR and ER stress [32]. One
problem with the existing anticancer drugs is that a particu-
lar drug shows different sensitivities in different individuals.
Targeting UPR branches is a promising way to enhance the
efficacy of chemotherapy for cancers [40]. Considering the

above problem, we performed a UPR-related IC50 analysis
to explore sensitivities and help HNSCC patients obtain per-
sonalized medication regimens. AKT inhibitor III,
CCT007093, vinblastine, EHT 1864, elesclomol, AS601245,
etc. may be the most sensitive anticancer drugs in HR
patients whose outcome survival is much poorer than that
of LR patients. However, more research is needed to verify
whether these drugs can achieve the predicted sensitivity.
A recent study [41] explored the best metric for predicting
drug sensitivity, and they found that the area above the
dose-response curve was better than the IC50. To further
verify the anticancer sensitivity of these drugs in different
UPR risk groups, in vivo and in vitro experiments should
be conducted.

Previous studies have shown that the UPR evades the
immune response by regulating the tumor microenviron-
ment. The ER stress state of tumor cells is transmitted to
macrophages and dendritic cells (DC) in the microenviron-
ment. This communication leads to the upregulation of the
expression of some proinflammatory cytokines and chemo-
kines, which inhibits the maturation of DCs. It also inhibits



BioMed Research International

the activation of CD8+ T cells and secretes arginine by
reducing the process of antigen presentation, which inhibits
T cell activation and leads to tumor immune escape [18].
Therefore, we further investigated the role of the UPR in
the tumor microenvironment by evaluating immune cell
infiltration. The results revealed significant differences in
MO macrophages, follicular helper T cells, naive CD4 T cells,
CD8 T cells, and resting NK cells between the HR and LR
groups. This finding provides important insights into the
tumor immune microenvironment affecting the UPR.

Different risk groups showed enrichment in different
pathways in the GSEA. The UPR genes included in the sig-
nature were primarily involved in platelet activation, gap
junctions, and the thyroid hormone signaling pathway in
the HR group. The platelets seem to play a critical role in
malignant tumor metastasis. Cancer metastasis is promoted
by the interaction between platelets and circulating tumor
cells (CTCs). CTCs activate platelets, and activated platelets
accumulate and protect CTCs from NK cells and shear
stress. Finally, CTC hypoxia tolerance is promoted by plate-
lets, along with angiogenesis, EMT, extravasation, and ulti-
mately metastasis [42]. Our results suggested an
explanation for why HR group patients have a poorer out-
come than LR patients, and the status of platelet activation
may be a vital factor.

In summary, we identified 14 genes associated with the
UPR in HNSCC patients that affected their prognosis.
Based on these genes, we investigated the prognostic sig-
nificance of the UPR risk score for HNSCC patients and
established a nomogram prediction model combining this
risk score with age, N stage, and M stage. The infiltration
of immune cells in the microenvironment was further ana-
lyzed, which provided some information for immunother-
apy in different risk groups. This study also described
therapeutic regimens in different risk groups of HNSCC,
and it may be used as a reference for further studies on
clinical medication. Notably, the prognosis of HNSCC
was analyzed from the perspective of the UPR, and the
changes in the immune microenvironment and possible
effective drug regimens were described, which provided
certain help for the treatment of HNSCC. However,
because our study was based on bioinformatic analysis,
there are some limitations, and our results must be con-
firmed in further clinical studies. This limitation means
that the study findings must be interpreted cautiously.
The function and mechanism of these UPR-associated
genes, either individually or in combination, should be
investigated to support their clinical application.

5. Conclusions

We developed a potent model based on the UPR-
associated gene signature, ie., the UPR risk score com-
bined with age, N stage, and M stage, and this model
may be used to predict HNSCC survival prognosis. Our
study enhances the understanding of genes associated with
UPR pathways in HNSCC and can improve decision-
making at the individual patient level.
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