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ABSTRACT

Head and Neck Squamous Cell Carcinoma (HNSCC) is a widespread malignancy originating from the mucous epithelium of the oral cavity, pharynx,
and larynx. Despite advances in diagnostic and therapeutic modalities, the prognosis of HNSCC remains challenging. This study investigates the
intricate relationship among COPS5, immune infiltration patterns, and prognostic implications in HNSCC. Through comprehensive analyses of 519
HNSCC cases from TCGA and single-cell data from the GEO database, we utilize the CIBERSORT algorithm to discern immune cell dynamics
influenced by COPS5 expression. Notably, Treg cells emerge as a central point in the interplay between COPS5 and immune modulation. Further
analyses, encompassing differential gene expression, immune-related gene set enrichment, and protein-protein interaction networks, elucidate the
molecular landscape associated with COPS5 in HNSCC. A prognostic risk model, incorporating CD27, TNFRSF4, FADD, and PSMD14, is formulated
and validated across diverse datasets. The model demonstrates robust predictive power, underscoring its potential as a valuable prognostic tool.
These genes, essential for immune regulation and cell cycle control, provide insights into the intricate mechanisms influencing HNSCC progression.
In conclusion, this study not only reveals the impact of COPS5 on immune dynamics in HNSCC but also introduces a concise and effective prognostic
model.

1. Introduction

Head and neck squamous cell carcinoma (HNSCC) originates from the mucosal epithelium of the oral cavity, pharynx, and larynx. It
is the most prevalent malignant tumor in the head and neck region and ranks as the sixth most common cancer globally. The incidence
of HNSCC varies among countries [1]. Despite rapid advancements in diagnostic and treatment methods for HNSCC, the prognosis of
patients remains poor. Therefore, identifying new prognostic biomarkers is crucial for improving the survival outcomes of HNSCC
patients [2].

COP9 signaling subunit 5 (COPS5), also known as C-Jun activated domain binding protein-1 (Jabl), is a multifunctional protein
involved in various biological processes, including cell proliferation, signal transduction, apoptosis, cell cycle regulation, and DNA
damage repair [3-5]. Previous studies have established the potential of COPS subunits as biomarkers for HNSCC patients, with COPS5
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demonstrating significant relevance to the prognosis, survival, and migration of cancer cells [6]. Additionally, research indicates that
COPS5 inhibits the ubiquitination and degradation of PD-L1. Inhibition of COPS5 by curcumin reduces the expression of PD-L1 in
cancer cells, rendering them sensitive to CTLA4 therapy [7]. However, limited research exists on the relationship between COPS5 and
immune infiltration in HNSCC.

The tumor microenvironment (TME) of HNSCC comprises a complex and heterogeneous mixture of tumor cells and immune cells
[1]. Numerous studies have highlighted the high immunosuppressive properties of the TME in many HNSCC tumors [8,9]. Anti-tumor
immunity in the TME is primarily mediated by Teff cells and NK cells, while immune suppression and tumor cell growth are mainly
orchestrated by Treg cells, MDSCs, and M2 macrophages. Infiltrating immune cell levels within the tumor microenvironment correlate
with tumor growth, cancer progression, and patient prognosis [10]. Notably, infiltrating Treg cells directly contribute to establishing
an immunosuppressive tumor microenvironment and facilitating immune evasion [11].

In recent decades, immunotherapy has rapidly advanced, emerging as a prominent treatment modality for numerous cancers. In
2016, both nivolumab and pembrolizumab, immune checkpoint inhibitors targeting programmed death 1 (PD-1), received approval
for treating recurrent or metastatic HNSCC patients following platinum-containing chemotherapy. Subsequently, in 2019, pem-
brolizumab received approval for first-line treatment [12]. While these findings highlight the significance of immunology in HNSCC,
the molecular mechanisms, particularly regarding immune-related genomic effects, remain unclear [13].

Several studies have made significant progress in establishing prognostic models for HNSCC to predict patient survival. These
models have been constructed using various biological factors and gene sets, including immune-related long non-coding RNAs [14],
immune infiltration-related genes [15], ferroptosis-related genes [16], N6 methyladenosine (m6A) regulator-related genes [17], and
ion channel related genes [18]. These models, constructed using Lasso regression, have proven effectiveness in predicting patient
survival rates, as well as the response to of immunotherapy. Lasso regression is a method that selectively emphasizes important
predictive variables and effectively eliminates less critical predictive variables by reducing their coefficients to zero [19]. Due to its
excellent accuracy and versatility across various fields, we chose the Lasso regression algorithm for model construction in our study.
This approach aligns with the current trend in the field towards more precise prognostic models, reflecting the multifactorial nature of
HNSCC.

Given the limited research on the relationship between COPS5 and immune infiltration and the significant impact of Treg cells and
COPS5 on treatment and prognosis in HNSCC, this study aims to establish a prognosis model associated with Treg immune genes linked
to COPSS.

2. Methods
2.1. Data collection

The flowchart of the study, depicted in Fig. 1, delineates the data analysis process. RNA sequencing and somatic mutation data,
along with clinical information for 519 cases of HNSCC, were obtained from the TCGA database (https//www.cancer.gov/tcga).

Single-cell data (scRNA seq) were sourced from the GEO database (GSE139324). The data comprised live CD45™ single cells from
diverse sources, including peripheral blood mononuclear cells and paired tumor-infiltrating immune cells of HNSCC patients, as well as
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Fig. 1. Flow Chart. This figure illustrates the workflow of the study, providing a comprehensive overview of the data collection, processing, and
analysis procedures.
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samples from healthy donors. Furthermore, immune-related gene sets were downloaded from the InnateDB website (https//www.
innatedb.ca/).

2.2. Digital spatial profiling (DSP) data

Paraffin-embedded tumor tissues from nasopharyngeal carcinoma patients, collected before treatment for DSP RNA detection [20],
were included in the analysis, focusing exclusively on RNA sequencing and corresponding clinical information from the patient’s
tumor area.

2.3. Screening for differentially expressed genes

The count data of 519 HNSCC patients from TCGA were stratified into high and low groups based on COPS5 expression levels. To
identify differentially expressed genes between these groups, we employed the “edgeR” R package.

2.4. Immune infiltration analysis

We utilized the CIBERSORT algorithm [21], a widely-used method for estimating immune infiltration, to analyze the expression
matrix of immune cell subtypes derived from TCGA’s TPM data. This analysis involved categorizing the samples based on high and low
COPS5 expression levels in tumor samples, aiming to identify differences in immune cell infiltration.

2.5. Screening for differentially expressed genes in Treg cells

We analyzed 26 tumor-infiltrating immune cell samples from the GSE139324 dataset utilizing the “seurat” package in R. Initial
screening criteria, including gene type, gene number, and mitochondrial genes, were applied. Transcriptome data was standardized
using the NormalizeData() function, and data normalization was conducted using the ScaleData() function. Dimensionality reduction
was performed with RunPCA(), followed by further reduction using the t-SNE algorithm with dim = 28. The FindClusters() function
was employed for clustering with a resolution of 0.5. Cell types were annotated using SingleR, and Treg cells were distinguished from
the T cell population using cell markers such as FOXP3. Differentially expressed genes in Treg cells were identified using the Find-
Markers() function.

2.6. Construction of protein-protein interaction network (PPI)

We constructed a differential gene protein interaction network utilizing the String database (http://string-db.org/) with a mini-
mum required interaction score of 0.15. The Barplot() function in R was used to display the number of neighboring nodes of the core
genes.

2.7. Constructing and validating a prognostic model for Treg related genes

A prognostic model was constructed by identifying intersecting genes through univariate COX regression, LASSO regression, and
multivariate COX regression. The risk score was calculated using a predefined formula. Samples were stratified into high-risk and low-
risk groups according to the median risk score, and Kaplan-Meier (K-M) survival curves were drawn. The model’s predictive per-
formance was assessed using ROC curves. Univariate and multivariate COX regression analyses were performed to confirm whether the
risk score serves as an independent prognostic factor.

2.8. Pathway enrichment analyses

KEGG pathway enrichment analysis was conducted on the high-risk and low-risk groups identified by the prognostic risk model.
Gene set enrichment analysis (GSEA) was carried out using R software along with the “clusterProfiler,” “org.Hs.eg.db,” and
“enrichplot” packages.

2.9. GSVA gene set variation analysis

GSVA is a non-parametric unsupervised analysis method. In this study, we utilized an immune feature gene set [22] and assessed
the enrichment of immune infiltration and function in TCGA data using the gsva() function.

2.10. Tumor mutation burden (TMB) analysis

TMB was defined as the number of somatic, coding, base replacement, and insert-deletion mutations per megabase of the genome,
detected using non-synonymous mutations and code-shifting indels, with a detection limit set at 5 %. The “maftools” package [23] in R
was utilized to generate a waterfall plot illustrating the TCGA-HNSCC somatic non-synonymous point mutations, revealing the mu-
tation profiles of high-risk and low-risk patients in this model.
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2.11. Correlation analysis of immune checkpoint genes

The correlation coefficient between high-risk and low-risk groups of the model and the expression of immune checkpoint gene was
calculated using “Spearman” correlation analysis. P-values were determined by either “t-test” or “wilcox.test."

2.12. Statistical analysis

Data analysis, statistics, and visualization were performed using R (version 4.3.1). Differential analysis utilized the “t-test,”
“Wilcoxon test,” or “chi-square test,” while correlation analysis employed the “Spearman” method. The Kaplan-Meier survival curve
was assessed using the “Log-rank test” to evaluate statistical differences. A significance level of p < 0.05 was applied, with significance
indicated in figures as follows: *, p < 0.05; **, p < 0.01; ***, p < 0.001.

3. Results
3.1. Analysis of COPS5 expression and immune infiltrating cells

The research process is shown in Fig. 1. Utilizing the CIBERSORT algorithm, we evaluated the immune cell composition in TCGA
data samples. Differences in the proportion of immune cell types were observed between high and low COPS5 expression groups,
categorized based on the median of COPS5 expression (Fig. 2A). Notably, Treg cells exhibited the most significant difference with a P
value of less than 0.001. A negative correlation between COPS5 expression and Treg cell content was identified (Fig. 2B). KEGG
pathway enrichment analysis, based on the median expression of COPS5, revealed distinct pathways enriched in high and low
expression groups (Fig. 2C). High COPS5 expression correlated with poorer prognosis, while increased Treg cell content indicated a
better prognosis (Fig. 2D), aligning with the observed negative correlation between COPS5 and Treg cells.

3.2. Analysis of single-cell data and identification of key immune genes in Treg cells

The single-cell data were categorized into six cell types, with a particular focus on Treg cells (Fig. 3A). T cells account for over half
of all samples (58.45 %), followed by Monocyte (13.66 %), B cells (12.36 %), and Treg cells (10.72 %) (Fig. 3B and C). Differential
expression analysis identified 1971 genes in Treg cells. The intersection of Treg differentially expressed genes in Treg cells, COPS5
differentially expressed genes, and immune-related genes yielded 12 COPS5-related Treg immune genes (Fig. 3D). A protein inter-
action network highlighted CD27, IL1R2, and LTB as core genes (Fig. 3E). Single-factor COX regression analysis identified 8 genes
affecting HNSCC patient prognosis (Fig. 3F). A prognostic risk model, incorporating TNFRSF4, CD27, FADD, and PSMD14, was
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established through LASSO regression.

3.3. Analysis of risk score calculation and its impact on survival outcomes

The calculation of the risk score, when applied to both TCGA and DSP data, revealed distinct survival outcomes between high-risk
and low-risk groups (Fig. 4A and B). Although the DSP data did not achieve significance, the trend was reflective of TCGA results. The
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survival curves for individual model genes showed consistent trends between DSP and TCGA datasets. The univariate COX regression
analysis identified age, stage, and risk score as factors significantly correlated with prognosis (Fig. 5A, Left). The multivariate COX
regression confirmed age, stage, and risk score as independent prognostic factors, with the risk score having the greatest impact
(Fig. 5A, Right). The ROC curve indicated that the model, with the highest AUC value for the 3-year overall survival rate, has a superior
predictive ability compared to other clinical features (Fig. 5B). Chi-square tests revealed significant differences in grade and N stage

between high and low-risk groups (Fig. 5C).

3.4. Comparative analysis of immune cell types and function scores in high-risk and low-risk groups

We conducted a comparison of 16 immune cell types and 13 immune function scores between the high-risk and low-risk groups.
The results indicated that there were significant differences across all measures, with the low-risk group scoring significantly higher
than the high-risk group (Fig. 5D). The GSEA analysis underscored pathways that were enriched in both high-risk and low-risk groups,
thereby providing insights into their biological implications (Fig. 5E). The high-risk group exhibited enrichment in cell cycle, gluta-
thione metabolism, and pathways in cancer. Conversely, the low-risk group showed enrichment in immune-related pathways, such as
cell adhesion molecule (CAMS) and cytokine-cytokine receptor interaction.
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3.5. Genetic mutation characteristics and variant classifications in high-risk and low-risk populations

We generated two waterfall plots to delve into the detailed genetic mutation characteristics between high-risk and low-risk pop-
ulations. The mutation profile depicted a prevalent mistranslation mutation in HNSCC patients, with TP53, TTN, CSMD3, FAT1,
CDKN2A, NOTCH1, MUC16, and SYNE1 emerging as common high-frequency mutation genes (Fig. 6). Among these, TP53 exhibited
the highest mutation frequency. The frequency of TP53 mutation notably decreased from 79 % in the high-risk group to 60 % in the
low-risk group (Fig. 6A and B). Furthermore, the main variant classification of TP53 was identified as missense mutation. The primary
variant classification of HNSCC patients in both high and low-risk groups was identified as missing mutation, with SNP being the main
variant type and C > T emerging as the most frequent SNV class (Fig. 6C and D).

3.6. Correlation analysis of COPSS5, risk score, and immune checkpoints

We confirmed a significant positive correlation between COPS5 and risk score in both TCGA (Fig. 7A, Left) and DSP (Fig. 7A, Right)
data. The correlation analysis unveiled a statistically significant relationship between gene expression levels and model risk score
across 60 immune checkpoints. CD276, PVR, and TNFSF9 showed positive correlations, while other immune checkpoints displayed
negative correlations with the model risk score (Fig. 7B-Supplementary Table 1). FADD and PSMD14 showed a significantly positive
correlation with COPS5. There was a negative correlation between CD27 and COPS5. Differences existed in TNFRSF4 expression
between high and low COPS5 expression groups, with the low COPS5 group exhibiting higher expression levels. (Fig. 7C).

4. Discussion

The high heterogeneity of HNSCC presents significant challenges, as patients are at a considerable risk of recurrence and mortality,
even following complete surgical resection. Therefore, the development of reliable prognostic models is of paramount importance. Our
study has successfully established a novel risk model that incorporates the COPS5-related genes CD27, TNFRSF4, FADD, and PSMD14,
offering a promising tool for predicting patient outcomes.

COPS5 has emerged as a critical regulator within the tumor microenvironment, significantly influencing the dynamics of immune
infiltration. Its overexpression correlates with disrupted immune surveillance [7], potentially leading to an inflammatory milieu that
promotes tumor growth. COPS5 specifically modulates the ubiquitination and degradation of essential immune regulatory proteins
[24], affecting the recruitment and activation of a variety of immune cells. This modulation plays a vital role in defining the immune
landscape of tumors, with profound implications for clinical outcomes.

Moreover, COPS5’s influence extends to tumor behavior, particularly through the degradation of the tumor suppressor protein p53
[25]. The stability of p53 is crucial for its ability to suppress tumors, and its activation promotes a pro-inflammatory tumor
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relationship between immune checkpoint genes, COPS5, and risk score. (C) The relationship between COPS5 and model genes.

microenvironment [26], marked by a significant increase in the infiltration of CD8" and CD4 ™" T cells, as well as B cells—all key players
in the adaptive immune response [27].

The prognostic significance of COPS5 is further reinforced by its association with survival rates. Elevated levels of COPS5
expression are linked to a worse prognosis in various cancers, highlighting its potential as a valuable prognostic biomarker.
Furthermore, COPS5 expression levels may predict the effectiveness of immunotherapeutic interventions, providing insights that could
guide personalized treatment strategies for cancer patients. Our findings, supported by the literature [28], demonstrate a clear cor-
relation between high COPS5 expression and a poorer overall survival rate in HNSCC patients. Experimental evidence also indicates
that silencing COPS5 impedes the growth and migration of HNSCC cells, confirming its integral role in tumor progression [6].

CD27, a member of the TNFRSF7, plays a pivotal role in T cell activation, proliferation, and survival [29]. Our study aligns with
existing literature, revealing a positive correlation between high CD27 expression in the tumor microenvironment and increased
survival rates. TNFRSF4, also known as OX40, is predominantly expressed on activated T cells. Upregulation of TNFRSF4 enhances
effector T cell differentiation, proliferation, and survival by inhibiting activation-induced cell death [30]. Our study concurs with
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previous reports, associating high TNFRSF4 expression with better prognosis in HNSCC patients. Notably, we found a similar corre-
lation with higher survival rates in Treg cells expressing TNFRSF4 [31]. FADD is often amplified in solid tumors, including HNSCC, and
is linked to poor prognosis [32]. FADD’s critical role in regulating cell proliferation and signaling complexes [32] aligns with our
results, indicating that high FADD expression is associated with poorer outcomes in HNSCC patients. PSMD14, a component of the 26S
proteasome, is implicated in protein degradation and various cellular processes [33]. Our study supports prior findings, associating
abnormal PSMD14 expression with HNSCC occurrence and malignant progression, indicating a poor prognosis. Additionally, the
PSMD14 inhibitor Thiolutin shows promising anti-tumor effects on HNSCC [34].

TP53 is the most commonly mutated gene in HNSCC patients and is associated with a shorter recurrence-free survival [35]. Our
study found that the TP53 mutation frequency was higher in high-risk patients with poor survival than that in low-risk patients, which
is consistent with previous research results.

Compared to previous HNSCC prognostic models [36-38], our model demonstrates competitive predictive ability with only four
screened prognostic biomarkers, thereby enhancing its clinical applicability. Pathway analysis revealed enrichment in cell cycle [39],
glutathione metabolism [40], and cytochrome P450 metabolism of exogenous substances [41] in the high-risk group. These pathways
play pivotal roles in cancer development, detoxification, and drug metabolism.

Upregulation immune checkpoint genes (ICGs) correlates positively with high lymphocyte infiltration and a favorable prognosis
[42], which is consistent with our findings. In the low-risk group, higher expression of ICGs was observed, accompanied by increased
immune cell infiltration and enhanced anti-tumor immune activity, contributing to their improved survival prognosis.

5. Conclusion

In conclusion, the COPS5-related Treg immune gene risk model, which includes CD27, TNFRSF4, FADD, and PSMD14, demon-
strates its valuable in evaluating the prognosis of HNSCC patients. However, due to the retrospective nature of this study, inherent
limitations exist, and further research is needed to elucidate the biological mechanisms.
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