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Aims: Cuproptosis is a novel cell death pathway, and the regulatory mechanism in
head and neck squamous cell carcinoma (HNSC) remains to be explored. We
determined whether cuproptosis-related lncRNAs (CRLs) could predict prognosis
in HNSC.

Methods and Results: First, we identified 10 prognostic CRLs by Pearson correlation
and univariate Cox regression analyses. Next, we constructed the CRLs prognostic
model based on 5 CRLs screened by the least absolute shrinkage and selection
operator (LASSO) Cox analysis. Following this, we calculated the risk score for HNSC
patients and divided patients into high- and low-risk groups. In our prognostic
model, HNSCpatientswith higher risk scores had poorer outcomes. Based on several
prognostic features, a predictive nomogram was established. Furthermore, we
investigated principal component analysis to distinguish two groups, and
functional enrichment analysis of 176 differentially expressed genes (DEGs)
between risk groups was performed. Finally, we analyzed relationships between
tumor mutation burden (TMB) and risk scores.

Conclusion:Cuproptosis-related lncRNAs can be applied to predict HNSC prognosis
independent of TMB, which is closely correlated with tumor immunity.
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Introduction

Head and neck squamous cell carcinoma (HNSC) is a common, multiple and often fatal
malignant tumor, accounting for 5% of all malignancies per year. HNSC patients are mostly
diagnosed in late stage and often have poor prognosis (Aggarwal et al., 2019). The availability of
checkpoint inhibitors for metastatic HNSC has changed outcomes for this disease but durable
benefit and survival gains occur only in a small subset of patients (Ferris et al., 2016; Bauml et al.,
2017). Recently, associations between molecular biological biomarkers and tumor prognosis during
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the development of HNSC have elicited great interest (Ludwig et al.,
2017). However, our understanding of the etiology and pathogenesis of
HNSC could be improved, and more effective prognostic biomarkers are
required.

In March 2022, Peter Tsvetkov and Todd R. Golub’s team found that
copper-mediated cell death differed from knownmechanisms, which was
named cuproptosis (Tsvetkov et al., 2022). In the progression of tumor,
cell death plays a key decisive role. For example, dysregulation of
autophagy will lead to oncogenesis because of the aberrant activation
of oncogenes such as PIK3CA and inactivation of tumor suppressor genes
like PTEN (Kimmelman and White, 2017). Upon stressors like nutrient
and oxygen deprivation, autophagy can promote tumor survival and
growth via regulating tumor metabolism (Degenhardt et al., 2006).
Although the relationships between other types of cell death and
tumorigenesis were previously proved (Pavlyukov et al., 2018),
oncological studies in cuproptosis were insufficient.

LncRNA plays an important role in tumor proliferation as well as
migration, and is involved in tumor cell death (Yang et al., 2014; Peng
et al., 2017). It was reported that lncRNA could enhance the invation
and metastasis of HNSC. Moreover, lncRNA would potentially
become prognosticator or therapeutic target in HNSC (Luo et al.,
2018). However, the association between lncRNA and cuprotosis in
HNSC needs further study. If we can explain and discover the role of
cuprotosis in HNSC, we are expected to provide new drug targets for
clinical treatment of HNSC, or clarification of the pathogenesis.

Materials and methods

Datasets

The RNA sequencing data of HNSC and clinical characteristics
were obtained from the TCGA database (https://portal.gdc.cancer.
gov), including 111 HNSC patients and 12 normal pancreatic tissues
(samples without expression matrix or clinical information were
excluded). The expression of lncRNAs was extracted according to
the human gene annotations in GENCODE (https://www.
gencodegenes.org/). After log2 transformation, function avereps in
limma package was performed to merge the overlapped data. For
clinical data, we eliminated samples with missing values. Cuproptosis
regulators were obtained from the previous study (FDX1, LIAS,
LIPT1, DLD, DLAT, GLS,PDHA1, PDHB, MTF1, and CDKN2A)
(Tsvetkov et al., 2022). TMB data was downloaded from TCGA using
TCGAbiolinks package, and the tumor immune dysfunction and
exclusion (TIDE) scoring file was retrieved from the TIDE website
(http://tide.dfci.harvard.edu) (Jiang et al., 2018). The external
validation datasets were obtained from Kaplan-Meier Plotter
(http://kmplot.com/analysis/) and CESC data in TCGA (Nagy et al.
, 2021).

Bioinformatic analysis

Our bioinformatic analysis was based onR (version 4.1.3) software.We
identified CRLs by limma package in R (|Pearson R| > 0.4, p < 0.05). Then
we obtained prognostic CRLs through the univariate Cox regression
analysis (p < 0.05) with survival package. We performed Lasso cox
regression analysis with glmnet package to construct the prognostic
model. The risk score was calculated according to the formula: Risk

score = Σ Coef p EXP. In this formula, Coef is the coefficient and EXP
is the expression level of each prognostic CRLs. HNSC patients were
divided into high-risk group and low-risk group based on the value of risk
scores. The cutoff value was depended by surv_cutpoint function in
survminer package. Kaplan-Meier survival curves were drawn via
survminer package as well. Corresponding ROC curves were drawn by
timeROCpackage. DEGs between risk categories were filtered using limma
package (|log2FoldChange| > 1, p < 0.05). The DEGs were performed GO
and KEGG enrichment analyses via clusterProfiler package. A nomogram
was constructed using the rms package.

Immune infiltration analysis

After gene expression profile extraction and mapping on the
GeneSymbol of each tumor, GSVA, GSEAbase and immunedeconv
packages in R were used to give the immune function scores for each
sample on the basis of gene expression. Seven different algorithms
were performed including XCELL, QUANTISEQ, TIMER, EPIC,
ESTIMATE, MCPCOUNTER, and ssGSEA. The online TIMER
(Tumor Immune Estimation Resource) database (http://timer.
cistrome.org/) was also exploited in our research (Li et al., 2017).

After calculation of infiltration value for immune or stromal cells,
limma, reshape2 and pheatmap packages were used to obtain and
visualize the immune infiltration signature of different risk groups.

Statistical analysis

CRLs were identified by Pearson correlation test. To compare
overall survival between subgroups, Kaplan-Meier (KM) analysis was
used. The difference in risk scores between subgroups was compared
using the student’s t-test, and categorical variables of groups were
analyzed by chi-square test. The correlation among subtypes was
calculated using the Pearson correlation test. We explored the
independent prognostic value of the risk scores and other clinical
features using univariate and multivariate Cox regression analyses.
Statistical analysis was conducted by the “R” software. In our study, a
p-value of less than 0.05 was considered statistically significant.

Quantitative RT-PCR (qRT-PCR) analysis

Different HNSC cell lines (HN4, HN6, HN30, CAL27, SCC9, and
SCC25) as experiment groups were obtained from Department of
Head and Neck Surgery, Shanghai Ninth People’s Hospital for qRT-
PCR. Human oral keratinocytes (HOK) were set as the normal control
group. Total RNA was extracted using RNA-Quick Purification Kit
(RN001, YiShan Biotech, China) according to the manufacturer’s
protocol. Then, reverse transcription of RNA into cDNA was
conducted using the Fast All-in-One RT Kit (with gDNA
Remover) (RT001, YiShan Biotech, China). We performed qRT-
PCR in LightCycler 96 (Roche, United States) using Hieff
UNICON qPCR SYBR Green Master Mix (11198ES03, Yeasen,
China). The lncRNA expression levels of LINC02178, LINC01473,
MIR3945HG, LRRK2-DT and AL137804.1 were detected. PCR
primers were designed based on sequences from the corresponding
genes (Table 1). All data were normalized using ActinB as the internal
control by the Δ-CT method.
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TABLE 1 The primer sequences for qRT-PCR.

Primers Sequences

LINC02178 Forward primer 5’ CAG CAC GAG AGT TGT AGG CA 3’

LINC02178 Reverse primer 5’ TTT AGC AAC ATC ACA GCG GC 3’

LINC01473 Forward primer 5’ AGC AGG AAG AAG TAC AAG CAA AG 3’

LINC01473 Reverse primer 5’ AGG GGA CAC ATG CCA AGG AT 3’

MIR3945HG Forward primer 5’ GAA AGA AAC GCC CAC GTT GAG 3’

MIR3945HG Reverse primer 5’ GAC TTG CGG GAG GAG AAT GT 3’

LRRK2-DT Forward primer 5’ GCC CGC CTG TTT ATG AGG AA 3’

LRRK2-DT Reverse primer 5’ CTC GTT TTT GGG GCC TGA GT 3’

AL137804.1 Forward primer 5’ GGC TTG TTT GGC CTT CCA AT 3’

AL137804.1 Reverse primer 5’ GTG CCC CAG CAT AGG GAT AG 3’

FIGURE 1
The flowchart of analysis in this study. Yellow color represents the data, and green color represents the methods.
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Results

Identification of prognostic CRLs and
construction of CRLs prognostic model

The whole process of our analysis was shown in the flowchart
(Figure 1). Firstly, we downloaded the head and neck squamous cell
carcinoma cancer datasets from TCGA database, which included
111 tumor samples and 12 normal samples (samples without
expression matrix or clinical information were excluded). According to
the GENCODE database, we identified 16,876 lncRNAs from TCGA
HNSC dataset. According to the previous study, there are nineteen
cuproptosis regulators (NFE2L2, NLRP3, ATP7B, ATP7A, SLC31A1,
FDX1, LIAS, LIPT1, LIPT2, DLD, DLAT, PDHA1, PDHB, MTF1, GLS,
CDKN2A, DBT, GCSH, and DLST). After obtaining the expression
matrix of 19 cuproptosis regulators, Pearson correlation analysis was
performed (|Pearson R| > 0.4, p < 0.05) and we obtained 990 CRLs
(Figure 2A). We randomly divided the patient data in TCGA into test
cohort and training cohort, and the training group was imported to

construct our model. To identify prognostic CRLs, we used the univariate
Cox regression analysis (p < 0.05). The hazard ratio and expression of
10 prognostic CRLs were shown in Figure 2B.

To construct the CRLs prognostic model in HNSC we performed the
least absolute shrinkage and selection operator (LASSO) Cox regression
(Figures 3A, B). As a result, 5 of 110 prognostic CRLs (p < 0.01) were
filtered to build the prognostic model (Figure 3C). The following formula
was used to compute each patient’s risk score: risk score =
(0.506759183159314 * LINC02178 expression) + (1.7284811379188 *
AL137804.1 expression) + (−1.98290017222121 * LINC01473 expression)
+ (1.00674378928319 * MIR3945HG expression) + (1.75380176645026 *
LRRK2-DT expression).

Validation of the CRLs prognostic model

In each cohort, according to the median value of the risk scores,
the patients were divided into a low-risk group and a high-risk group
(Figures 4A–I). As shown in the Figures 4A–F, the survival time of the

FIGURE 2
(A) Alluvial plot of pearson correlation analysis between 990 CRLs and 19 cuproptosis regulators. (B) The hazard ratio and expression of 10 prognostic
CRLs.

FIGURE 3
(A–B) LASSO Cox regression analysis between cuproptosis-related lncRNAs and HNSC patients. (C) Pearson correlation between 5 CRLs to build the
prognostic model and 19 cuproptosis regulators. The asterisks indicated a statistically significant p-value (*p < 0.05; **p < 0.01; ***p < 0.001).
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patients with HNSC was longer in the low-risk group than in the high-
risk group in both the training, testing sets, and entire set, respectively.
Besides, the distribution plot of the risk score and survival status
showed that the higher the risk score, the more deaths of the patients
with HNSC. At the same time, we further studied the expression of
lncRNA selected for our model construction in the high- and low-risk
groups, which can be used for subsequent studies (Figures 4G–I).

According to the results, we found that in training set and entire set,
the survival time of the patients with HNSCwas significantly longer in the
low-risk group than in the high-risk group (p < 0.05) (Figures 5A–C).
Additionally, we found that progression-free survival (PFS) was also
significantly shorter in the high-risk group than in the low-risk group
(Figures 5D–F). In order to further test the predictive power of ourmodel,
we conducted time-dependent receiver operating characteristic (ROC)
analysis in three cohort. The area under curve (AUC) of the ROC greater
than 0.5 was considered to have good predictive capacity. In the test
group, AUC values at years 3 and 5 were all greater than 0.5 (0.524 and
0.565, Figure 5G). In the training group, AUC values at years 1, 3, and
5 were all greater than 0.8 (0.873, 0.835, and 0.845, respectively,
Figure 5H). In the entire cohort, AUC values at years 1, 3, and 5 were
all greater than 0.6 (0.661, 0.718 and 0.735, respectively, Figure 5I).

Independence analysis of the prognostic
model

Tofurther determine whether the signature of CRLs could be used as
independent prognostic factors, independent of other clinical
characteristics, we constructed univariate Cox regression and
multivariate Cox regression analyses. As seen in Figure 6A, univariate
Cox regression analysis showed that the prognostic signature of 5 CRLs

was an independent variable to predict the outcome ofOS in patients with
HNSC (HR = 1.105, 95% CI, 1.044–1.169, p < 0.001). Multiple Cox
regression analysis also revealed that the prognostic signature of 5 CRLs
was an independent prognosis factor for HNSC (HR = 1.136, 95% CI,
1.081–1.193, p < 0.001) after adjusting for gender, age, grade and stage
(Figure 6B). Furthermore, the concordance index (C-index) of the risk
score was higher than that of clinical characteristics, including age, gender,
grade, and stage (Figure 6C).

Subsequently, we established a nomogram using these independent
prognostic factors (TNM stage, grade and risk score) to predict the 1-, 3-
and 5-years survival rates of patients with HNSC (Figure 6D). Particularly
in stage of tumor, we found our model performed better in patients with
late-stage tumor, i.e., stage III-IV, while there was no significance in terms
of patients with early-stage tumor (Figures 6E, F). Such difference showed
in K-M curve could account for the 1-year AUC in our test group since
the CRL model was inclined to predict late-stage HNSC. In addition, we
further developed calibration curves to verify the effectiveness of
nomogram model for predicting the survival rates for patients with
HNSC at 1, 3, and 5 years. The results showed that the calibration
curves presented an optimal agreement between the prediction by
nomogram and actual survival (Figure 6G). In brief, it was of great
significance that the nomogram had the potential to predict the survival
outcomes for patients with HNSC.

Principal component analysis (PCA) and
functional enrichment analysis

To examine the differences and distinction between the low- and
high-risk groups, we implemented PCA based on the four expression
profiles (entire gene expression profiles, cuproptosis genes, CRLs and the

FIGURE 4
(A–C)Classification of patients as high or low risk based onmedian risk score. (A) is from the testing cohort; (B) is from the training cohort and (C) is from
the entire set. (D–F)Distribution plot of the risk score and survival status of the patients with HNSC. (D) is from the testing cohort; (E) is from the training cohort
and (F) is from the entire set. (G–I)Heatmap of correlation between patients in different risk groups and expression of 5 prognostic CRLs. (G) is from the testing
cohort; (H) is from the training cohort and (I) is from the entire set.
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risk signature established by the expression profiles of the 5 CRLs). The
results showed that 5 CRLs possessed a good discrimination ability to
distinguish between the low- and high-risk groups (Figures 7A–D).

Then, we identified 177 DEGs between the low- and high-risk groups
of the TCGA set (|log2FoldChange| > 1, p < 0.05). We further performed
functional enrichment analyses to elucidate the biological functions of
DEGs between the two groups. The GO analyses demonstrated significant
enrichment of epidermal cell differentiation (Figures 7E, F). The KEGG
analysis revealed enrichment in several pathways associated with “Calcium
signaling pathway,” “IL−17 signaling pathway” and “Regulation of lipolysis
in adipocytes” (Figures 7G, H). These results suggested that CRLs signature
are involved in the development and progression of HNSC.

Examination of immune signatures related to
CRLs

We depicted the heatmaps of the immune infiltration related to
gene expression of high and low risk groups in 7 different algorithms
including XCELL, QUANTISEQ, TIMER, EPIC, ESTIMATE,

MCPCOUNTER and ssGSEA (Figures 8A–G). We found high-
and low-risk groups of HNSC showed distinct infiltration
signatures in terms of different immune or stromal cells.

TMB and TIDE analysis

Increasing evidence suggest that tumour mutation burden status is
associated with clinical response to immunotherapy in the HNSC. So, we
identified the TMB-specific genes between high- and low-risk groups by
the R package “maftools”. The results showed that the frequency of
mutations in the low-risk group and the high-risk group among the top
15 genes with the highestmutation rates (Figures 9A, B). Subsequently, we
divided the patients into high TMB group and low TMB group according
to the TMB score. The survival analysis showed that the high TMB group
had a higher survival rate than the low TMB group without significance in
statistics (Figure 9C). We further evaluated the synergistic effect of TMB
andCRLs-scores groups in prognostic stratification (Figure 9D). Stratified
survival analysis showed that patients with low-risk scores possessed a
significantly better prognosis than patients with high-risk scores despite of

FIGURE 5
(A–C) Kaplan-Meier curve to show overall survival of patients in different risk groups. (A) is from the testing set; (B) is from the training set and (C) is from
the entire set. (D–F) Kaplan-Meier curve to show progression-free survival of patients in in different risk groups. (D) is from the testing set; (E) is from the
training set and (F) is from the entire set. (G–I) ROC curve to show the performance of CRLs risk model. (G) is from the testing set; (H) is from the training set
and (I) is from the entire set.
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TMB level. Our analysis of TMB between different risk groups showed no
significance (Figure 9E), which was consistent with aforementioned
results. Nevertheless, the TIDE scores were significantly higher in the
high-risk group compared to the low-risk group (Figure 9F).

External validation of CRL prediction model

Then, we examined the prognostic value of LINC02178 and
LINC01473 in the external Kaplan–Meier Plotter database (Figures

FIGURE 6
(A) Univariate Cox regression analysis between prognostic signatures and overall survival. (B) Multivariate cox regression analysis between prognostic
signatures and overall survival. (C) The concordance index of different clinical characteristics and risk scores. (D) Nomogram of prognostic factors to predict
the 1-, 3- and 5-years survival rates of patients with HNSC. (E) Kaplan-Meier curve to show overall survival of patients with early stage I-II tumor in different risk
groups. (F) Kaplan-Meier curve to show overall survival of patients with late-stage III-IV tumor in different risk groups. (G) The calibration curves between
the prediction by nomogram and actual survival.

FIGURE 7
(A–D) PCA analysis of patients in low- and high-risk groups based on four expression profiles. (A) is from the entire gene expression profiles; (B) is from
cuproptosis genes; (C) is from cuproptosis-related lncRNAs and (D) is from the 5 CRLs that established the risk model. (E–F) GO enrichment analysis of DEGs
between the low- and high-risk groups in TCGA-HNSC. (G–H) KEGG enrichment analysis of DEGs between the low- and high-risk groups in TCGA-HNSC.
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10A–E). We found that LINC02718 was significantly correlated with OS
and recurrence free survival (RFS). When we divided samples into groups
of high-TMB and low-TMB, LINC02718 showed significant association
with OS in high-TMB group and that with RFS in low-TMB

group. LINC01473 was dramatically correlated with OS in low-TMB
group, which reconfirm the prognostic role of CRLs was independent
of TMB level. The results of the survival analysis were consistent with
previous outcomes.

FIGURE 8
(A–G) Heatmaps of the immune infiltration related to different risk groups. (A) XCELL; (B) QUANTISEQ; (C) TIMER; (D) EPIC; (E) ESTIMATE; (F)
MCPCOUNTER and (G) ssGSEA. Red and blue indicate the infiltration value calculated by the corresponding algorithm.

FIGURE 9
(A)Mutation rates and types of top 15 genes in the high-risk group. (B)Mutation rates and types of top 15 genes in the low-risk group. (C) Kaplan-Meier
curve to show survival of patients in different TMB groups. (D) Kaplan-Meier curve to show survival of patients in different TMB and risk groups. (E) TMB
between high and low risk groups. (F) TIDE value between high and low risk groups (***p < 0.001).
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Moreover, considering that cervical squamous cell carcinoma and
endocervical adenocarcinoma (CESC) also belongs to the highly HPV-
related type of cancer, we conducted ROC analysis as well based on
external TCGA-CESC database to evaluated the generalization of the
CRL model (Figure 10F). The result showed that our model also
possessed effective prediction in CESC, indicating the reliability of
CRLs as prognostic biomarkers.

Experimental validation of CRL model as
potential biomarker

To further validate the prognostic value of our CRL model, we
performed qRT-PCR experiments to illustrate the expression
signature of the 5 CRLs which were found in LASSO Cox analysis
to construct the risk model. The results in qRT-PCR indicated an
overall signature of differential expression levels of LINC02178,
AL137804.1, LINC01473, MIR3945HG, and LRRK2-DT. In
different kinds of HNSC cells, they were differentially expressed
compared to human oral keratinocytes (Figure 11), which matched
the results of our previous bioinformatics analysis based on public
databases.

Discussion

Head and neck cancer is the sixth most frequent malignant
tumor worldwide and more than 90% of these cancers are HNSC
(Liu et al., 2018). Over the last several decades, smoking-related

HNSC has decreased whereas HPV-related HNSC has become
more and more common (McDermott and Bowles, 2019). The
immune system plays an important role in head and neck
carcinogenesis (Varilla et al., 2013). Certain subsets of HNSC

FIGURE 10
(A–E) Prognostic value of LINC02178 and LINC01473 based on Kaplan–Meier plotter. (A) Kaplan-Meier curve to show OS of patients in different
LINC02178 expression levels. (B) Kaplan-Meier curve to show RFS of patients in different LINC02178 expression levels. (C) Kaplan-Meier curve to show OS of
patients with high-TMB in different LINC02178 expression levels. (D) Kaplan-Meier curve to show RFS of patients with low-TMB in different
LINC02178 expression levels. (E) Kaplan-Meier curve to showOS of patients with low-TMB in different LINC01473 expression levels. (F) Prognostic value
of CRLs based on TCGA-CESC.

FIGURE 11
RT-qPCR results of LINC02178, AL137804.1, LINC01473,
MIR3945HG, and LRRK2-DT in different kinds of HNSC cells compared
to human oral keratinocytes.
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are immunosuppressive human malignancies, marked by T-cell
dysfunction, low levels of CD4+ and CD8+ T-cell, increased
T-regulatory cells, cytokine alterations and antigen presentation
defects (Sun et al., 2014). Such immunosuppressive environment
was responsible for the unsatisfactory effects of immune
checkpoint inhibitors such as PD-1 immunotherapy (Mandal
et al., 2016), so the improved therapeutic approaches are
needed. By researching the regulatory role of cuproptosis in
HNSC, the novel molecules signature of the diagnosis and
treatment could bring new strategies for physicians.

The results of our study revealed that there were 10 CRLs
influenced the survival of the patients with HNSC, and 5 of them
(LINC02178, AL137804.1, LINC01473, MIR3945HG, LRRK2-DT)
were selected to establish the prognostic signature. Studies found
LINC02178 was related to autophagy in BLCA and necroptosis in
UCEC (Sun et al., 2020; Lin et al., 2022), and it was a prognostic
predictor in LUAD (Li et al., 2018). Yang et al. investigated a novel
risk model with AL137804.1 for predicting the prognosis of
bladder cancer (Yang et al., 2019), and Zhang et al. also
described AL137804.1 as a crucial lncRNA in bladder urothelial
carcinoma (Zhang et al., 2020a). Aberrant expression of
LINC01473 in osteoblasts facilitated imbalanced bone formation
and resorption in multiple myeloma (MM), which influenced
immune escape of MM (Peng et al., 2022). It has been reported
that MIR3945HG was upregulated in macrophages infected with
Mycobacterium tuberculosis or HIV (Yang et al., 2016; Schynkel
et al., 2020). In addition, the expression of MIR3945HG has been
confirmed to be downregulated in LUAD and LUSC based on both
bioinformatics and qRT-PCR validation (Chen et al., 2017; Wang
et al., 2019). However, the function of LRRK2-DT has not been
reported yet.

In both training sets and testing sets, CRL model showed the
robust capacity in predicting survival outcomes of patients with
HNSC. The results of ROC curve, Kaplan–Meier survival analysis,
univariate and multivariate Cox regression analysis revealed that
the risk score of CRLs signature could be used as an independent
factor to predict poor prognosis in HNSC. The C-index of our risk
score was higher than other metrics, which reflected better
performance of our model. In addition, our nomogram and 1-,
3-, and 5-year calibration curves demonstrated an optimal
consistency between the prediction by nomogram and actual
survival. PCA analysis showed the ability of 5 CRLs to
distinguish between high- and low-risk groups. Moreover, we
utilized the DEGs between two groups to explore the biological
functions and pathways through enrichment analysis in GO and
KEGG database. Metabolic and immune pathways were involved
in the difference risk score based on CRLs, which was similar to
the results of other cell death processes (Kimmelman and White,
2017; Pavlyukov et al., 2018; Bebber et al., 2020; Zhang et al.,
2021). Our result indicated that cuproptosis could be associated
with calcium, IL-17, adipocytes and related pathways. Moreover,
there may be crosstalk between cuproptosis and other processes
like autophagy or ferroptosis. We observed that the proportion of
gene mutations was similar between two groups, which could be
responsible for the non-significant differences between high-
TMB group and low-TMB group since TMB is described as the
number of somatic mutations in tumor biopsy (Aggarwal et al.,
2020).

TMB has been shown to correlate with response to
immunotherapy as a biomarker. Given the growing economic
burden and toxic side effects of common cancer treatments,
more robust and economic biomarkers which can predict the
response to immunotherapy should be investigated. It has been
proved TMB level partially predicts the response to treatment, but
its predictive value may be weakened by many factors (Thorsson
et al., 2018). In HNSC, it was reported that TMB was related to B
and CD4+ T-cell infiltration, and affected the prognosis (Zhang
et al., 2020b). However, in the most informative study which
evaluated TMB in pan-cancer, researchers did not find any
prognostic impact of TMB in HNSC (Wu et al., 2019). Which
factors influenced the prognostic performance of TMB in HNSC
requires further study. In our study, like Figures 9C–9E, we found
TMB was not a robust predictor of prognosis, while our risk model
showed a significant difference between high- and low groups in
addition to TMB level.

Previous studies have found CRLs could perform as prognostic
biomarkers in different kinds of tumors (Huili et al., 2022; Xu et al.,
2022; Yang et al., 2022), indicating the important role of CRLs in
cancer. Nevertheless, the detailed comparison between CRLs and
other indices was insufficient. In our study, we found CRLs
possessed complex immune signature, and predicted the prognosis
independent of TMB. We also performed two-way verifications based
on external datasets and qRT-PCR to increase the validation of our
model. In both immune infiltration analysis and qPCR verification,
high- and low-risk groups showed various correlation with CRLs,
suggesting the complicated underlying mechanisms for prognostic
CRLs. Compared to human oral keratinocytes, the 5 CRLs were
significantly differently expressed in qPCR. Nevertheless, the
expression signature in different HNSC cell lines were not the
same, indicating the heterogeneity of different kinds of HNSC as
well as the versatility of CRLs. In addition, our results provided new
insights that CRL model can not only work in HNSC, but also be
generalized in related tumors such as CESC.

In conclusion, our study investigated the prognostic value of these
CRLs in HNSC, and all of the results proved our risk signature was
highly robust and effective for predicting the prognosis of the patients
with HNSC. Expression of CRLs were closely correlated with tumor
immunity. To explore the detailed regulatory effects of CRLs in HNSC,
further investigation and experiments are needed.
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