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ARTICLE INFO ABSTRACT

Original paper Head and neck squamous cell carcinoma (HNSCC) is a disease characterized by profound immunosuppression
and the prognosis of HNSCC patients remains poor. Necroptosis is a programmed lytic cell-death mechanism
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were screened by using the LIMMA package of R software (version 4.1.2) and the prognosis-related NRGs
were obtained by COX regression analysis. We separated patients into high- and low-risk groups via the pro-
gnostic model consisting of those NRGs. The receiver operating characteristic (ROC) curve and Kaplan-Meier
survival curves were used to validate the prognostic model. By bioinformatics analysis, the prognostic risk

Keywords: and immunocompetent models were constructed. We reevaluate the prognostic model based on the GES27020

data sets, clinicopathological variables and chemotherapeutic efficacy. Individuals in the high-risk group had
much shorter overall survival (OS) times than their counterparts. Compared with clinicopathological variables,
the risk model has a higher diagnostic efficiency, with the area under the ROC being 0.699. Decision Curve
Analysis (DCA) showed the prognostic model-based risk score was the superior prognostic factor compared
to additional indicators. Furthermore, the high- and low-risk groups had differences in immune cell infiltration
and immune functions. And the CCK-8 showed that small molecular drugs could inhibit HNSCC cell prolife-
ration in vitro. We have constructed a new necroptosis-related model, which can be used to predict the progno-
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sis and immunocompetence of HNSCC patients and provide a theoretical basis for the study of necroptosis in

the clinical prognosis of HNSCC.
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Introduction

Head and neck squamous cell carcinoma (HNSCC)
comprises heterogeneous tumors that develop from the
squamous epithelium of the oral cavity, the oropharynx,
the larynx and the hypopharynx (1). HNSCC represents
the sixth most common cancer globally with a high mor-
tality rate of 40% to 50% (2). Regrettably, most HNSCC
patients are diagnosed at an advanced stage with a poor
prognosis end. Because the early symptoms of HNSCC
are not obvious, between 40%-50% of the patients expe-
riencing disease recurrence can reduce the survival to 35%
even after modern, multi-modality treatments (3). Doctors
are working not only to develop surgical skills, but also to
research precision radiotherapy, new chemotherapy drugs
and immunotherapy. However, in order to improve the
prognosis of HNSCC patients, it is necessary to find more
risk factors of patients. Bioinformatics technology can
be used to predict the molecular markers for the progno-
sis of HNSCC by using gene expression from genomics.
The study of potential biomarkers is of great significance
for the early diagnosis, prognosis and quality of life of
HNSCC patients.

Necroptosis is programmed lytic cell death that allows

the release of potential immunostimulatory molecules (4).
The receptor-interacting protein kinasel (RIPK1) and 3
(RIPK3) as well as the mixed lineage kinase domain-like
protein (MLKL), are necessary for the activation of the
necroptosis. Necroptosis can enhance CD8" leukocyte-
mediated anti-tumoral immunity by activating RIPK1 and
RIPK3 within the tumor microenvironment (TME) (5). By
contrast, genetic evidence supports the idea that, when ac-
tivated, this cell death pathway can induce potent inflam-
matory responses in vivo, and thereby may induce various
inflammatory diseases (6,7). In addition, many diseases
are known to be correlated with necroptosis, including
ischemic reperfusion injury, inflammatory, neurodegene-
rative, infectious, autoimmune diseases and cancer (8).
Tumor necrosis is often associated with poor prognosis in
patients because intratumoral necrosis in the “core” region
lacks proper nutrient and oxygen access (9). Existing stu-
dies have confirmed that necroptosis can promote the me-
tastasis of tumor cells and the death of T cells. Necroptosis
could enhance pancreatic cancer cell migration and inva-
sion by the release of C-X-C motif chemokine 5 (CXCL5)
and C-X-C-motif chemokine receptor-2 (CXCR2) (10).
Besides, the role of necroptosis in HNSCC is becoming
more and more clear. About 50% of necrosis in HNSCC is
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caused by necroptosis and suggested that necroptosis can
release damage-associated molecular patterns (DAMPs)
to promote cancer metastasis and cancer progression (11).
The necroptosis-related prognostic risk model established
by Zhang Z et al. for HNSCC included 7 necroptosis-rela-
ted genes (NRGs) that were significantly associated with
the prognosis of HNSCC (12). However, after extracting
the expression levels of 7 NRGs from the RNA-seq of
HNSCC patients in the TCGA database, we found that
there was no significant difference in the expression levels
of VDAC1 and CHMP3 between HNSCC tissues and nor-
mal tissues, and the expression level of TRAFS was relati-
vely low. In addition, this study also showed that VDACI,
CHMP3 and TRAFS do not have the high mutation rates
in HNSCC. Therefore, the prognostic significance of these
three genes for HNSCC patients still needs to be verified.

Above all, this study conducted a more comprehensive
and systematic bioinformatics analysis of NRGs, aiming
to explore the NRGs that are truly related to the prognosis
of HNSCC patients. Prognostic risk and immune activ-
ity models were constructed by using prognostic-related
NRGs and assessed the accuracy of the risk model. Fi-
nally, the LIOOOFWD database was used to obtain small-
molecule targeted drugs against the necroptosis-related
prognostic model, and a small molecule targeted drug was
selected for in vitro experimental verification.

Materials and Methods

Data acquisition

RNA-sequencing (RNA-seq) data and clinical data of
HNSCC patients were downloaded from The Cancer Ge-
nome Atlas (TCGA) database (https://portal.gdc.cancer.
gov/) and GEO dataset: GSE27020. NRGs were obtained
based on the KEGG website (http://www.kegg.jp/). Differ-
entially expressed necroptosis-related genes (DE-NRGs)
were screened by using the LIMMA package of R soft-
ware (version 4.1.2) based on the criterion: FDR < 0.05
and |log2 (Fold Change) |~ 1/2.

Functional enrichment analysis

In order to evaluate the biological functions and sig-
naling pathways that DE-NRGs are mainly involved in,
the gene mutations of all DE-NRGs were detected, and
genes with a mutation rate of more than 2% were retained.
Gene-level functional enrichment was performed using
the Database for Annotation Visualization and Integrated
Discovery (DAVID) (https://david.ncifcrf.gov/), and the
results were visualized by the ggplot2 R package. The
data sources used for this analysis included: Gene Ontol-
ogy (GO): Molecular Function (MF), GO: Biological Pro-
cesses (BP), GO: Cellular Components (CC), and Kyoto
Encyclopedia of Genes and Genomes (KEGG).

Establishment and validation of the prognostic model
We obtained the candidate NRGs correlated with the
prognosis of HNSCC by univariate Cox regression analy-
sis (P < 0.05) and the hazard ratios (HR) with 95% confi-
dence intervals (CI) were based on overall survival (OS).
Subsequently, the expression of NRGs was combined with
survival information of HNSCC in TCGA, the significant
prognostic risk factors based on the NRGs were estab-
lished with the multivariate Cox regression analysis, and
the risk score of every patient with HNSCC was calculated

by using the following formula: Risk score= }"=1 Coef x
X, Coef and X represent the risk regression coefficient of
NRGs and each NRGs the expression level, respectively.
All HNSCC patients were divided into high- and low-risk
groups according to the median risk score.

The Kaplan-Meier survival curves, the risk curve and
the gene expression heat map were established to analyze
whether there is a difference in the OS of HNSCC pa-
tients between the low- and high-risk groups. We used the
timeROC R package to draw 1-, 3-, and 5-year receiver
operating characteristic (ROC) curve of HNSCC patients,
the "RMS" and "Survival" package to generate the prog-
nostic nomogram based on age, gender, tumor stage, T
stage, N stage, and risk score. Through clinicopathological
analysis, the correlation between necroptosis-related prog-
nostic model and other clinical parameters was explored.
Univariate Cox and multivariate Cox regression analyses
were performed to evaluate whether the prognostic model
and other clinical parameters were independent prognostic
indicators for patients with HNSCC, and the results were
visualized with two forest maps. Decision curve, nomo-
gram and several ROC curves were created, calculating
the area under the ROC curve (AUC) and the net benefit
of each threshold to compare the predictive ability of those
different factors.

Immune cell infiltration analysis

In this study, single-sample GSEA (ssGSEA) was used
to explore the different infiltration degrees of immune cell
types and the immune-related functions in high- and low-
risk groups of the established prognostic model, quantify
their relative content via the “GSVA” package. The scores
of immune cells and functions in different groups are
shown on multi-box plots, respectively.

Prediction of small molecular-targeted drugs against
NRGs prognostic model

We divided DE-NRGs into up-regulated and down-reg-
ulated groups, uploaded them to the L1000FWD website
(https://maayanlab.cloud/L1000FWD/) for obtaining po-
tential small molecular targeted drugs against necroptosis-
related prognostic model.

Cell cultivation

Head and neck squamous cell carcinoma cell line,
SCC-15, was cultivated in Dulbecco’s Modified Eagle
Medium (DMEM) supplemented with 10% fetal bovine
serum (FBS) in a humid incubator containing 5% CO, at
37°C.

Cell proliferation experiment

SCC-15 cells were seeded in the 96-well plate (3000
cells/well) and cultivated in the humid incubator of 37°C
and 5% CO,. According to the experimental requirements,
each well was added 10 pL of Cell Counting Kit-8 (CCK-
8) solution at 24 h, 48 h, and 72 h respectively, incubat-
ing in the dark for 2 h. Then we used the enzyme marker
to measure the Optical density (OD) of each well at 450
nm and calculate the cell survival rate (cell survival rate =
[(experimental wells OD - blank wells OD)/(control wells
OD - blank wells OD) | x 100%).

Statistical analysis
The data analysis of OS time and plot survival curves
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was computed using the log-rank test through the R pro-
gramming language (version 4.1.2). P-value < 0.05 was
identified to indicate statistical significance. NRGs sig-
nificantly correlated with survival were selected using
univariate and multivariate Cox analyses. The predictive
ability of the risk model was testified using ROC and area
under curve (AUC) analyses. Decision Curve Analysis
(DCA) was used to show that the prognostic model-based
risk score was the superior prognostic factor compared to
additional indicators. Besides, we also compare immune
infiltrating score and immune functions between low- and
high-risk groups by ssGSEA.

Ethics statement

Our study did not require ethical approval, because this
study followed the policies and guidelines for data access
and publication specified by The Cancer Genome Atlas
(TCGA) database (https://portal.gdc.cancer.gov/). Accor-
ding to the Declaration of Helsinki, all research performed
was approved by the Tianjin Stomatological Hospital.

Results

Identification of NRGs in HNSCC patients

A total of 158 NRGs were obtained from the KEGG
website, and the gene expression of 133 NRGs was ex-
tracted from the RNA-seq of HNSCC patients. According
to the criteria of FDR < 0.05 and [log2 (Fold Change) |>
1/2, we screened the differentially expressed NRGs (DE-
NRGs) between normal and tumor samples, finally obtai-
ned 50 DE-NRGs, including 42 up-regulated NRGs and 8
down-regulated NRGs (Figures 1A and 1B). In addition,
this study further showed the expression rule of the above
50 DE-NRGs in normal and tumor samples by boxplot (Fi-
gure 1C). Genetic mutation analysis of these DE-NRGs by
using the cBioportal database and a total of 14 genes with
mutation rate > 2% was retained among all DE-NRGs.
“Amplification” and “deep deletion” were the most com-
mon forms of genetic mutation (Figure 1D).

GO and KEGG enrichment analyses of DE-NRGs

To investigate the detailed biological functions of these
genes, 14 DE-NRGs were conducted into a functional
enrichment analysis (Figures 2A, 2B, 2C and 2D). The
results of GO enrichment analysis showed that the main
biological processes related to DE-NRGs were the NF-
kB signaling pathway, cytokine regulation and promotion
pathway, and exogenous apoptosis pathway, etc. The cell
components are enriched more in cytoplasmic vesicle lu-
men, vesicle lumen and so on. About molecular functions,
DE-NRGs were mainly in cytokine receptor binding,
tumor necrosis factor receptor superfamily binding, ubi-
quitin protein ligase binding, tumor necrosis factor recep-
tor binding and so on. The results of KEGG enrichment
analysis showed that DE-NRGs were mainly involved in
the pathway: NOD-like receptor signaling pathway signa-
ling pathway, involving necrotic diseases such as influenza
A virus and herpes simplex virus type L.

Establishment of the NRGs prognostic risk model
Using a univariate COX regression analysis, we obtai-
ned 12 NRGs which were correlated with the prognosis
of HNSCC (P < 0.05) and made a forest plot (Figure 3A).
These NRGs were divided into high-risk genes (hazard
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Figure 1. Identification of differentially expressed necroptosis-related
genes (DE-NRGs) in patients with HNSCC. (a) A heatmap of the DE-
NRGs (FDR < 0.05 and [log2 (Fold Change) |[> 1/2). (b) A volcano
plot of the DE-NRGs: 42 NRGs with high expression in HNSCC tis-
sue (red), 8 NRGs with low expression in HNSCC tissue (blue), the
black color in the volcano plot indicates NRGs with no difference
in expression between HNSCC and normal tissues. (c) A boxplot of
the DE-NRGs, N is non-tumor tissue, and T is HNSCC tissue. (d)
Mutation profile of the DE-NRGs, the results retain the NRGs with a
mutation rate > 2%.
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Figure 2. Gene ontology (GO) and Kyoto Encyclopedia of Genes
(KEGG) enrichment analyses of differentially expressed necroptosis-
related genes (DE-NRGs). (a,b) Bubble and circle plots about the GO
enrichment of the 14 DE-NRGs. BP indicates biological process, CC
indicates cell components, and MF indicates molecular function. (c,d)
Bubble plot and circle plot about the KEGG enrichment of the 14
DE-NRGs.
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ratio (HR) > 1) and low-risk genes (HR < 1). Combi-
ned with the survival information of HNSCC patients in
TCGA, we constructed a necroptosis-related prognostic
risk model composed of 4 NRGs (FTH1, HSP90AAI,
IL1A, and TYK2) via multivariate COX regression ana-
lysis. Subsequently, the risk score of every HNSCC pa-
tient was calculated based on correlation coefficients by
using the following formula involving the 4genes: risk
score = (0.001391 * FTH1) + (0.001084 * HSP90AA1) +
(0.002449 * IL1A) +(-0.06849 * TYK?2), and the patients
were divided into high- and low-risk groups according to
the median value of risk score (1.056027904).

The results of the survival curve showed that the OS
time of patients in the high-risk group was significantly
lower than that in the low-risk group (P < 0.001) (Figure
3B). To assess the predictive ability of the prognostic risk
model, we performed a time-dependent ROC curve ana-
lysis. The 1-year, 3-year, and 5-year AUC values of the
prognostic model were 0.699, 0.751, and 0.72, respecti-
vely (Figure 3C), indicating that the prognostic risk model
had high accuracy in predicting the prognosis of HNSCC
patients.

Correlation analysis between the risk model and clini-
cal parameters

Our study further explored the correlation between the
prognostic risk model and other clinical parameters of
HNSCC patients. All patients were ranked according to
the value of risk score and the survival status of patients
needed to be analyzed, the result showed that patients in
the high-risk group had a worse survival status and more
deaths (Figures 4A and 4B). As shown in Figure 4C, the
expressions of FTH1, HSP9OAAT1 and IL1A were signifi-
cantly increased in the high-risk group compared with the
low-risk group, and the expression of TYK2 was signifi-
cantly decreased in the high-risk group, these results sug-
gest that the four NRGs are related to the progression of
HNSCC and the survival status of patients. The correlation
between the NRGs prognostic model and other clinical
parameters was further analyzed. Among clinical parame-
ters, the risk score was significantly related to the T stage
(P < 0.01), tumor stage (P < 0.05) and grade (P < 0.001)
(Figure 4D). As there was unknown most of the tumor M
stage data, the correlation between the M stage and the risk
prognostic model cannot be analyzed.

An independent prognostic model for HNSCC

Since verified the prognostic model had accurate pre-
dictivity, we needed to explore whether this predictive mo-
del is an independent prognostic factor for HNSCC. The
univariate Cox regression analysis showed that stage, T
stage, N stage, and risk score were significantly associated
with the survival status of HNSCC patients (Figure 5A).
The multivariate Cox regression analysis showed that risk
score (hazard ratio = 3.466, confidence interval = 2.421-
4.963, P<0.001) was an independent predictor of survival
status in HNSCC patients (Figure 5B).

The prognostic risk model was compared with other
clinical characteristics by multivariate ROC analysis and
the AUC of the risk score was 0.699, which was greater
than that of other clinicopathological variables, indicating
that the prognostic risk model established in our study
had higher accuracy in predicting prognosis of HNSCC
patients than other clinical parameters (Figure 5C).
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Figure 3. Establishing a necroptosis-related prognostic model. (a) A
forest plot of NRGs was obtained by univariate regression analysis,
red are high-risk NRGs, and blue are low-risk NRGs. (b) Kaplan-
Meier analysis of different OS times between the high-risk group and
the low-risk group. (c) Receiver operating characteristic curve analy-
sis at 1-, 3- and 5-year survival rate.
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Figure 4. Correlation between necroptosis-related prognostic model
and clinical parameters of HNSCC patients. (a) Risk scores of each
HNSCC patient. (b) Survival status each of HNSCC patient. (¢c) A
boxplot showing the expression of 4 NRGs in high and low-risk
groups, the color blue indicates the low-risk group, and the color
red indicates the high-risk group. (d) A heat map of the correlation
between risk scores and other clinical parameters. *P < 0.05, **P <
0.01, ***P < 0.001.

Then, we used the AUC of the risk score combined TN
stage to validate the risk score could be the beneficial sup-
plement in the TN stage (Figure 5D). Decision curve ana-
lysis also showed that the risk score curve was farther from
the All curve than other clinical parameters, and the risk
score combined with the TN stage curve was the farthest
from the All curve (Figure SE). These results implied that
the necroptosis-related prognostic risk model of this study
as an independent prognostic factor for patients and it also
could be used as a useful supplement to predict prognosis
based on the TN stage. Therefore, we combined all clinical
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Figure 5. Validation of the predictive ability of the prognostic risk
model constructed by necroptosis-related genes (NRGs). (a)Uni-
variate COX regression analysis of clinical characteristics and risk
score. (b) Multivariate COX regression analysis of clinical charac-
teristics and risk score. (c) Comparison of the prediction accuracy of
the risk model with clinicopathological features, such as age, gender,
stage, T stage and N stage. (d) Receiver operating characteristic curve
combined analysis of risk score, T stage and N stage. (e) Decision
Curve Analysis of each group. (f) A nomogram based on risk score

and other clinical parameters.

parameters (gender, age, stage, T stage, N stage, grade)
and risk score to construct a nomogram, which was used to
accurately predict patient survival rates (Figure 5F).

External validation of the prognostic risk model

The same risk score formula was used to calculate the
risk score for each patient in the GSE27020 in the GEO
data sets. Patients were also divided into high- and low-
risk groups according to the median value of risk score.
There were also significant differences in survival status
and OS time between the two risk groups (P <0.001). Ob-
taining the number of patients in the high- and low-risk
groups at each time in different groups, the OS time of the
patients in the low-risk group was significantly longer than
the patients in the high-risk group (Figure 6A). The ROC
curve analysis results showed that patients at 1-, 3-, and
5-year AUC were all greater than 0.7 (Figure 6B), which
verified that those NRGs constituted the prognostic risk
model were promising biomarkers for indicating the pro-
gnosis of HNSCC again.

Correlation between risk model and immune cells

To further explore the correlation between risk scores
and immune microenvironment, we quantified the enrich-
ment scores of ssGSEA for different immune cell infil-
tration and function analyses. The results of immune cell
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Figure 6. External validation of the prognostic model. (a) Patients in
the low-risk group experienced a longer survival time tested by the
Kaplan-Meier test. (b) Receiver operating characteristic curve (ROC)
analysis based on the GSE27020 data sets.
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Figure 7. Immune infiltration and function analyses of NRGs pro-

gnostic model. (a) Difference analysis of immune cell infiltration

between high- and low-risk groups. (b) Difference analysis of immune

function between high- and low-risk groups.

infiltration differential analysis and functional differen-
tial analysis showed that there were 13 tumor-infiltrating
immunocytes (TICs) (activated dendritic cells (aDCs), B
cells, CD&+ T cells, immature dendritic cells (iDCs), Neu-
trophils, NK cells, pDCs, T helper cells, T follicular helper
(Tth) cells, Th1 cells, Th2 cells, tumor-infiltrating lympho-
cyte (TIL), T regulatory cells (Tregs)) were significantly
negatively correlated with the risk score (Figure 7A). In
addition, different immune functions also existed between
high- and low-risk groups. Except for Para-inflammation,
Type I IFN Response and Type II IFN Response, the rest
of the immune functions were significantly weakened in
the high-risk group (Figure 7B). These findings suggested
that, in the low-risk group, the immunological function
is more active and might be more sensitive to immuno-
therapy. So in this study, we further confirmed that the
prognostic model is associated with immune activity in
HNSCC patients, and those NRGs may be the potential
markers of immune status.

The prediction of drugs targeting NRGs

We searched for potential targeted drugs for prognos-
tic models by uploading up-regulated and down-regulated
NRGs to the L1I000FWD database and obtained the top
ten drug candidates shown in Table 1. Among these small-
molecular drugs, we selected Mometasone Furoate (MF)
and verified it through in vitro experiments.

The inhibited function of MF in the proliferation of
SCC-15 cells

In this study, we selected three different concentrations
(10 uM, 20 uM, 50 uM) of MF to co-cultivate with SCC-
15 cells. The OD of each well was detected after 24 h, 48
h and 72 h, and then the cell survival rate of each group
was calculated.

The results showed that the survival rate of SCC-15
cells was significantly decreased in all three MF groups
compared with the control group (P < 0.05). Interestingly,
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Table 1. The top 10 potential drugs found by the L1000FWD database.

Drug similarity score P-value q-value Z-score  combined score
Radicicol -0.1702 2.22e-06 5.93e-03 1.67 -9.42
Beclometasone -0.1489 2.25e-05 2.40e-02 1.68 -7.83
Mometasone Furoate -0.1489 2.75e-05 2.56e-02 1.81 -8.25
Dinoprostone -0.1277 1.37e-04 6.56e-02 1.89 -7.31
BRD-A09984573 -0.1277 2.21e-04 6.56e-02 1.71 -6.25
BRD-K66902379 -0.1277 1.55e-04 6.56e-02 1.71 -6.52
BRD-K20914082 -0.1277 2.09e-04 6.56e-02 1.76 -6.47
GP-42 -0.1277 8.51e-05 6.56e-02 1.81 -7.36
L-690330 -0.1277 2.47e-04 6.61e-02 1.75 -6.31
BRD-K40566034 -0.1277 1.86e-04 6.56e-02 1.67 -6.25
at 72 h, the cell viability of each group increased to va-
rying degrees, and even so, it was significantly lower than SCC-15
the control group. Above all, the results indicated that MF 150
inhibited cell proliferation in the dose-dependent approach - - OpM
(Figure 8). ) i i = 10M
_"5 100 i*m_,x‘ * '//; —— 20 uM
Discussion 3 T T
S s
HNSCC is considered to be a malignant tumor. About 8 ¥ .
35% to 55% of HNSCC patients develop local-regional ot T T T
recurrence or distant metastasis even with intensive multi- Time (h)
modality treatment and it also the risk of developing a se- . . .
cond primary tumor (13). The recurrence rate of HNSCC Figure 8. E.ffects of different concentrations of Mometasone Furoate
has been related to many factors, including tumor location, on ﬂ.le proliferation of SCC-15 cells after 24, 48, and 72 h(.)urs’ res-
X . : . pectively. *P <0.05, **P <0.01, ***P < 0.001, compared with 0 uM;
stage, and human papillomavirus (HPV) infection, as well .

as the diet (14). The high recurrence rate after anti-tumo-
ral therapies might depend on the molecular and immu-
nological makeup as well as the heterogeneity of HNSCC
lesions with unstable genetic drivers and lack of specific
biomarkers.

An increased understanding of specific gene signa-
tures represents the basis and rationale for the develop-
ment and design of novel individualized immunotherapies
for cancer patients in the future (15). Therefore, it is of
great significance to construct prognostic risk and immu-
nocompetent models based on reliable genes in HNSCC.
Current studies suggest that necroptosis could develop an
inflammatory tumor immune microenvironment (TIME)
by releasing DAMPs, cytokines, and/or chemokines in the
tumor microenvironment, resulting in tumor-promoting
or anti-tumor effects (16,17). Herein we established the
necroptosis-related prognostic model to explore the pro-
gnosis and TIME of HNSCC patients.

In the necroptosis-related prognostic model, the higher
the risk score, the worse the prognosis of HNSCC patients.
We also compared this model with other clinical parame-
ters, the accuracy of our model in predicting OS time of
HNSCC patients was higher. The prognostic model in-
cludes a total of 4 NRGs (FTH1, HSP90AAI, IL1A and
TYK?2), which are closely related to tumors and have their
biological characteristics. Ferritin heavy chain polypep-
tide 1 (FTH1) belongs to the ferritin complex and has been
reported to participate in cell proliferation and immune
response, FTH1 also can regulate the balance of iron ions.
Studies have shown that FTH1 can inhibit ferroptosis
and promote the occurrence and development of various
cancers like liver cancer and bladder cancer (18,19). The
polymorphism of the IL1A gene has been demonstrated

to enhance the susceptibility of nasopharyngeal carcinoma
and IL1A is an important factor of the increased risk in
thyroid carcinoma (20,21). Heat Shock Proteins (HSPs)
constitute a group of proteins that play a crucial role in pro-
tecting cells from chemotherapy, hypoxia and other stress
damage. The expression of HSPs was elucidated as a cre-
dible hallmark in some cancers, such as breast, prostate,
colorectal, lung, ovarian, gastric, oral and esophageal can-
cer (22).1It has been confirmed that HSP9OAB1 was highly
expressed in HNSCC and associated with T grade, lymph
node metastasis, and prognosis (23). In biopsy specimens
of tumor tissue, the deletion of HSP90AAT1 could be used
as a biological marker of favourable prognosis (24). Com-
bining a theoretical/cell culture study with a case-control
study, the up-regulation of HSP90AA1 could promote
HNSCC lymph node metastasis (25). Genomic and pro-
teomic screens have proved tyrosine kinase 2 (TYK2) as
an oncogene promoting progression and metastases of
many types of carcinomas, sarcomas, and hematologic
cancers (26). TYK2 is a Janus kinase (JAK) that acts as an
intermediary between cytokine receptors and STAT trans-
cription factors. Their expression profile in several tumors
elucidates that TYK2 signals could stimulate the prolifera-
tion, invasion and metastasis of prostate cancer cells (27).
In our study, these four NRGs manifested explicit correla-
tions with the prognosis of HNSCC and were utilized to
construct a prognostic risk model. Their specific roles and
related signal transduction pathways in the occurrence and
development of HNSCC still need further study.

The HNSCC, long supposed to be an immunosup-
pressive disease, and the patients often present with low
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absolute number of lymphocytes, spontaneous apoptosis
of cytotoxic T lymphocytes, deficiency of natural killer
cell (NK) cell activity, and dysfunction of antigen-pres-
enting function (28). The complexity of the immune sys-
tem is affected by the infiltrating components of immune
cells in different patients. Although immunotherapies have
begun to evolve as an attractive approach, the benefits of
these immunotherapies are not observed in all patients
because of the variability in the patients. In the study, we
built a necroptosis-related risk model and tried to verify
the model’s predictive power. Patients were grouped into
low- and high-risk groups by the risk model and some
analyses such as Kaplan—Meier analysis, ROC analysis,
GSEA, and MF prediction. We found risk groups could be
a guide in predicting prognoses and researched the corre-
lation between the risk scores and the infiltration as well as
functions of immune cells within the TME in HNSCC. In
the prognostic model, risk scores were inversely correla-
ted with 13 tumor-infiltrating immunocytes. Among these,
NK cells are important immune cells in the body, which
are related to anti-tumor, anti-viral infection and immune
regulation. CD8+ T cells are the most important immune
cells to target and kill cancer cells. During cancer progres-
sion, immunosuppressive factors in the TME promote can-
cer cell growth and metastasis through the weakening or
loss of CD8+ T cell function (29). In addition, cancer cells
can also change the behavior of neutrophils by releasing
cytokines and metalloproteinases, enhancing the chemo-
taxis of neutrophils and the ability to inhibit apoptosis.
Recent studies have shown that the higher neutrophil-to-
lymphocyte ratio has a more significant adverse effect on
the prognosis of oral cavity cancer (30). These results all
indicate that the high-risk group of patients have a lower
level of immune infiltrates and weaker immunologic acti-
vity compared with the low-risk patients. At the same time,
we also detected differences of immune functions between
high- and low-risk groups. ssGSEA showed that immune
functions about T cell co-stimulation/co-inhibition, APC
co-inhibition/co-stimulation, HLA, major histocompatibi-
lity complex (MHC) class I molecules, cytolytic activity,
and checkpoint were significantly active in the low-risk
group. It’s worth noting that researchers had investigated
that decreased expression of MHC in cancer cells could
help tumors evade immune surveillance mechanisms (31).
The number of predicted MHC Class I-associated neoan-
tigens was correlated with cytolytic activity and was lower
than expected in tumors, suggesting immune-mediated eli-
mination (32).

Tumors responding to immune checkpoint inhibitors
(ICIs) have a higher level of immune infiltrates and/or an
Interferon (IFN) signature indicative of a T-cell-inflamed
phenotype (33). Our findings demonstrated that most of
the immune infiltration was elevated in low-risk HNSCC
patients compared to the high-risk group. Pembrolizumab
and nivolumab are immune checkpoint inhibitors targeting
PD-1 that have recently been approved in pretreated recur-
rent/metastatic (RM)-HNSCC patients (34). Therefore,
this signature implied that it would be more advantageous
for HNSCC patients at a lower risk to receive immuno-
therapy.

Our study not only established an effective necropto-
sis-related prognostic and immune activity model but also
screened several small molecular targeted drugs through
the database analyzing the up- and down-regulated expres-

sion of NRGs. It provides a new idea for the development
of effective prognostic markers and immune-targeted
drugs in HNSCC patients.

However, this study still has several limitations. The
data of this study were derived from the RNA sequen-
cing results of the TCGA database, the prognostic model
lacks the validation of multi-center samples and clinical
patients’ data. In brief, the necroptosis-related prognostic
model is expected to be a novel biomarker for the diagno-
sis and treatment in HNSCC. However, further in vitro and
in vivo studies are needed to clarify the role and related
mechanisms of NRGs in HNSCC.

This study showed that FTH1, HSP90OAAT, IL1A and
TYK?2 are all over-expressed in HNSCC, and their over-ex-
pression is associated with poor prognosis. The prognostic
model based on FTH1, HSP90AAT1, IL1A and TYK2 can
not only effectively predict the prognosis of HNSCC pa-
tients but also predict the immune activity. The nomogram
established on this basis provides a new idea and direction
for the personalized treatment of HNSCC patients.
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