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Head and neck squamous cell carcinoma (HNSCC) is one of the most common malignant cancers, and patients with HNSCC possess early metastases and poor prognosis. Systematic therapies (including chemotherapy, targeted therapy, and immunotherapy) are generally applied in the advanced/late stages of HNSCC, but primary and acquired resistance eventually occurs. At present, reliable biomarkers to predict the prognosis of HNSCC have not been completely identified. Recent studies have shown that neutrophil extracellular traps (NETs) are implicated in cancer progression, metastasis and cancer immune response, and NET-related gene signatures are associated with the prognosis of patients with several human cancers. To explore whether NET-related genes play crucial roles in HNSCC, we have performed systematic analysis and reported several findings in the current study. Firstly, we identified seven novel NET-related genes and developed a NET-score signature, which was highly associated with the clinicopathological and immune traits of the HNSCC patients. Then, we, for the first time, found that NIFK was significantly upregulated in HNSCC patient samples, and its levels were significantly linked to tumor malignancy and immune status. Moreover, functional experiments confirmed that NIFK was required for HNSCC cell proliferation and metastasis. Altogether, this study has identified a novel NET-score signature based on seven novel NET-related genes to predict the prognosis of HNSCC and NIFK has also explored a new method for personalized chemo-/immuno-therapy of HNSCC.
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Introduction

Head and neck cancer (HNC) ranks sixth in terms of malignancy worldwide, and about 90% of HNCs are classified as head and neck squamous cell carcinomas (HNSCC) (1). HNSCC possesses a high incidence of cervical lymph node metastases, increased capacities of invasive and recurrence, and contributes to the poor prognosis (2, 3). The main treatment options for HNSCC include surgery, chemotherapy, radiotherapy, molecular targeted therapy, and multimethod in conjunction with surgical excision of tumor tissue, but the effectiveness of these approaches is limited due to tumor heterogeneity (4, 5).

Cancer immunotherapy is based on harnessing the immune system to detect and eliminate tumor cells, and the field of cancer immunotherapy has been growing with an increasing rate in modern oncology since it was first mentioned in 1985 (6–8). Active immunotherapy, passive immunotherapy, and immune checkpoint blockade are the major strategies of cancer immunotherapy (9, 10). For HNSCC immunotherapy, two immune checkpoint blockade agents, pembrolizumab and nivolumab, have been applied in clinical trials for patients with platinum-refractory HNSCC (11, 12). However, most HNSCC patients are non-responders and have acquired drug resistance (13–15). Recent studies have indicated that cancer immunotherapy may be hindered by immunosuppressive cells of the tumor microenvironment (TME), leading to the failure of antitumor immunity (16, 17).

Neutrophils are the most abundant immune cells in the TME, and increased neutrophil infiltration and high neutrophil-to-lymphocyte ratios were reported to be associated with poor patient outcomes of the patients with HNSCC (18–20). In activating neutrophils, DNA fibers decorated with histones and antimicrobial proteins found originally within neutrophil granules are released as neutrophil extracellular traps (NETs) (21, 22). NETs have been found as a new form of innate immunity and mediate the response of the host as a first line of defense (23). The development of NETs is a potential mechanism that contributes to tumor progression. Additionally, tumor cells can also escape immune surveillance through NETs (24). While the pro-oncogenic evidence of NETs is growing, the role of NETs in cancer immunotherapy remains unclear, particularly in HNSCC.

In this study, we have developed a novel NETs-score signature consisting of seven NETs-related genes, and we have found that NETs-score could reflect the response of HNSCC patients to chemotherapy and immunotherapy. Lastly, we have further identified the NET-related gene NIFK as a potentially carcinogenic factor for patients with HNSCC.



Methods and material


HNSCC database handling

HNSCC-related clinical information has been downloaded and collected from the TCGA database (519 patients, https://xenabrowser.net/) and GEO database (ID: GSE41613 n = 97, GSE42743 n = 103, GSE65858 n = 270, https://www.ncbi.nlm.nih.gov/geo/). Transcriptional profiles of 989 HNSCC patients were obtained from four cohorts, and the patients with insufficient OS information were excluded (Table S1).

The Affymetrix and Illumina platforms were used to generate raw data from the TCGA and GEO databases. Background correction and normalization are achieved using a robust multi-chip averaging (RMA) algorithm. The TCGA database provides RNA sequencing data. The fragment per kilobase (FPKM) values were converted to transcripts per kilobase (TPM) values with signal intensities similar to the RMA treatment.



Establishment of NET enrichment score

According to a recent study, we obtained a list of published NET gene sets and the descriptions of the gene sets (25–27) (Tables S2, S3). This NET-related gene set has a total of 69-gene with NET-initial biomarkers. We first performed univariate cox analysis to screen out the NET gene set associated with the prognosis of HNSCC patients for subsequent enrichment score calculation. NET-enrichment-score was calculated with single sample Gene Set Enrichment Analysis (ssGSEA) for HNSCC patients using the NET gene set associated with prognosis for further analysis.



Establishment of a NET-related signature

We employed Spearman correlation analysis to identify genes that were significantly positively correlated with NET-enrichment-score (correlation coefficient >0.4 and P-value <0.05, termed NET-related genes) and were selected for further analysis. Subsequently, we performed univariate Cox regression analysis to identify NET-related genes associated with the prognosis of HNSCC patients (P-value <0.05). We then screened out more valuable NET-related genes with prognostic potential by applying machine learning algorithms through the R “CoxBoost” and “randomForestSRC” packages. The NET-related signature named NET-score was constructed from the list of NET-related genes with prognostic potential and weighted by their estimated regression coefficients in the Lasso regression analysis. Finally, we verified the prognostic evaluation performance of the NET-score. We estimated the NETs-score of 519 patients in the TCGA–HNSCC dataset, and then divided the patients into high and low NET-score groups based on the P value of the best cut-off. Kaplan–Meier curve analysis of the association between OS and NET-score. Time-ROC was used to validate the efficiency and accuracy of the NET-score for 1-year, 3-year, and 5-year prognosis prediction. Univariate and multivariate cox regression analyses were performed on the NET-score.



Genomic alteration

Somatic mutation and somatic copy number variation (CNV) data were collected from the TCGA dataset. Genomic Identification of Important Targets in Cancer (GISTIC) analysis was used to assess genomic signatures. The CNV landscape and the copy number gain or loss of amplified or deleted peaks were assessed by GISTIC 2.0 analysis (https://gatk.broadinstitute.org).



Assessing the immunological profile of the TME

We first used the ESTIMATE (The Estimation of Stromal and Immune cells in Malignant Tumor tissues using Expression) algorithm to estimate the abundance of immune cells and the infiltration level of stromal cells in HNSCC tumor tissue, which were reflected by immune score, stromal score, and estimated score, respectively. The Tumor Immune Estimation Resource2.0 (TIMER2.0, http://timer.cistrome.org/) web server was used to comprehensively analyze the level of immune-infiltrating cells in HNSC. Then, the relative proportions of 10 immune cells in the tumor were estimated using the MCPcounter algorithm. The infiltration levels of the 28 immune cells were represented by the enrichment scores based on the corresponding features. Enrichment scores were calculated using Single-Sample Genomic Enrichment Analysis (ssGSEA) implemented using the R Genomic Variation Analysis (GSVA) package. The response of HNSCs to anti-PD1 and anti-CTLA4 therapy was assessed by the submap algorithm. Response to anti-immune checkpoint therapy was assessed by the TIDE algorithm (28).



Functional annotation of differently expressed NET-related genes

The Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) gene sets were downloaded from the MSigDB database (29). Gene Set Enrichment Analysis (GSEA) and Gene Set Enrichment Analysis (GSEA) and GSVA are implemented by the clusterProfiler R package and the GSVA R package (30).



Prediction of drug response

We first used the Pharmacogenomics Data of Cancer Drug Sensitivity Genomics (GDSC, https://www.cancerrxgene.org/) to predict drug susceptibility in the included HNSCC cases (31). Drug responses were calculated with the oncoPredict R software package for drug sensitivity (32).



Plate clone formation assay

The Cal27 and SCC25 cells were digested and then resuspended in serum-free medium, and the cells were seeded into a 6-well culture plate at a density of 103 cells per well. Fourteen days later, the cells were continually cultured. Every 3 days, cells and clones were observed microscopically and sub-cultured. After colony formation was completed, the colonies formed by cells were photographed under a microscope and washed three times with PBS. Then, add 1 ml of crystal violet staining solution to each well and stain for 10–20 min. Finally, the six-well plate that formed the clones was scanned.



Transwell assay

Cal27 and SCC25 cells were added to the upper chamber with 200 μl of serum-free medium. In the lower chamber, 650 μl of medium containing 10% fetal serum was added. In the upper chamber, the rest of the cells were removed with a cotton swab, and those on the surface of the lower chamber were treated with 4% paraformaldehyde for 15 min at room temperature and stained with 0.1% gentian violet for 30 min. Cells from the lower chamber (migrated cells) were imaged under an inverted microscope.



RNA interference assay

Short hairpin RNA (sh-RNA) sequences of NIFK were synthesized by RiboBio (Guangzhou, China), and the target sequences of sh-NIFK are as follows: sh-NIFK#1: CATCAGTGAAACGGTATAATC, sh-NIFK#2:CGGATGGAGGAGCGATTTAAA. Based on our previous study (30), lentivirus vectors including short hairpin RNA were used for the RNA interference assay.



Statistical analysis

The Wilcoxon test was used for data that did not conform to a normal distribution. A t-test was used for normally distributed data. Kaplan–Meier survival plots were used to estimate OS between the two groups using the R package “survminer.” Cox regression for survival analysis was performed using the R package “survival.” Time-dependent receiver operating characteristic (ROC) curves were plotted using the R package “timeROC.” All heatmaps were performed via the R “pheatmap” package. Data were primarily visualized using ggplot2 R software (v4.1.2). A P-value of <0.05 was considered statistically significant.




Results


Identification of NET-enrichment-scores for the patients with HNSCC

Previous studies have applied 69 genes as the neutrophil extracellular trap (NET)-initial biomarkers. To identify a NET-relevant signature for HNSCC, the 69-gene NET-initial biomarkers were applied in the uniCox regression analysis in the TCGA-HNSCC training set, and we found 12 NET-associated genes with prognostic potential in HNSCC, including KCNJ15, CREB5, MME, F3, IL6, CXCL8, SELP, VNN3, CTSG, KCNN3, SELPLG, and IL17A, where the hazard ratio (HR) originated from uniCox regression analysis for each gene was included (Figure 1A). The ssGSEA was then applied to the TCGA-HNSCC with the 12 NET-associated genes, and a NETs-enrichment-score was established on the basis of their expression levels. Moreover, the correlation analysis showed that there was a strong correlation between the 12 NET-related genes (Figure 1B). Furthermore, the Kaplan–Meier analysis of the 12 NET-related genes showed that the survival of HNSCC patients was inversely correlated with the NET-enrichment-score, implying that HNSCC patients with high levels of the NET-enrichment-score may have a worse prognosis (Figure 1C). Finally, a heatmap displayed the correlation between the NET-enrichment-scores and the clinical characteristics of HNSCC samples, referring to the clinical stages, grade, gender, and age (Figure 1D). The results showed that each of the NET-associated genes exhibited a strong correlation with NET-enrichment-scores, which correlated with the clinical characteristics of HNSCC patients.




Figure 1 | Characteristics of NET-enrichment in HNSC (TCGA). (A) Univariate Cox analysis results of 12 prognostic related NET genes in TCGA-HNSCC. (B) Correlation map of 12 prognosis-related NET gene sets in TCGA-HNSCC. (C) Kaplan–Meier curve showing the correlation of NET-enrichment-score with OS. (D) Heatmap showing the correlation of the NET-enrichment-score with 12 prognosis-related NET genes and their clinical features. ****,p<0.001.





Establishment of a 7-gene NET related signature for HNSCC

Spearman correlation analysis identified 38 NET-related genes were positively correlated with NET-enrichment-scores, based on the criteria with correlation coefficient >0.4 and P-value <0.05. Heatmap showed that these 38 NET-associated genes correlated with NET-enrichment-scores and clinical futures of the HNSCC patients (Figure 2A). To further screen out the more valuable NET-related genes, univariate Cox regression analysis was performed to further select out 34 NET-related genes of potential prognostic value for HNSCC patients (P-value <0.05), and the univariate Cox analysis forest plot showed the HR of each single gene of the 34 NET genes for their prognosis (Figure 2B). Moreover, we used machine learning algorithms by applying the R “CoxBoost” to further select out nine NET-related genes (Figure 2C). Interestingly, the randomForestSRC (RFC) enabled us to further screen out seven NET-related genes, including NIFK, LINC00460, NUTF2, LINC02454, ITGA5, TNFRSF12α, and PDGFα (Figure 2D). Finally, the Lasso regression analysis was performed to calculate new NET-scores using these seven prognostic and NET-related genes based on their estimated regression coefficients (Figure 2E). Each estimated regression coefficients of the prognostic-related NET gene were following, 0.1936 ∗ ITGA5 + 0.4588 ∗ LINC00460 + 0.0361 ∗ LINC02454 + 1.1349 ∗ NIFK + 0.4079 ∗ NUTF2 + 0.4611 ∗ PDGF α + 0.2251 ∗ TNFRSF12 α.




Figure 2 | Establishment of the NET score signature. (A) Heatmap of 38 NET-related genes significantly positively correlated with NET-enrichment-score. (B) Univariate Cox analysis forest plot of 34 prognosis-related NET-related genes. (C) The machine learning method CoxBoost further screened NET-related genes (34 dimensionality reduction to 9). (D) Machine learning method for survival random forest to further screen NET related genes (reduced from 9 to 7). (E) Lasso regression method to calculate NET scores. ****,p<0.001.





Validation of the NET-scores for clinical predicting the survival in HNSCC

To test if the 7-gene NET-score signature predicted the clinical characteristics of the HNSCC patients, Kaplan–Meier analysis revealed that HNSCC patients with higher NET-scores had poor survival curves (Figure 3A). Additionally, both univariate Cox and multivariate Cox regression analysis showed that the NET-score of HNSCC patients was an independent risk factor compared with other clinical factors, such as tumor grade and gender (Figure 3B). As shown in Figure 3C, the time-dependent ROC curves at 1 year, 3 years, and 5 years of OS had AUC values of 0.685, 0.712, and 0.746, respectively, and these results indicated that our NET-score signature was of prognostic value. Furthermore, we used three independent cohorts in the GEO database (ID: GSE41613, GSE42743, and GSE65858) and further verified that HNSCC patients with higher NET-scores had worse prognosis and survival disadvantages (Figures 3D–F).




Figure 3 | Predictive potential of the NET score for prognosis in HNSCC patients. (A) Kaplan–Meier curves of high and low NET scores in TCGA-HNSCC. (B) Forest plot of univariate and multivariate Cox regression of NET-score based on TCGA dataset. (C) Time-dependent ROC of NET-score in TCGA. (D–F) Kaplan–Meier curves of overall survival in HNSCC patients based on an external validation dataset.





The NET-score was relevant to distinct genomic alterations of HNSCC patients

To check if somatic mutations are linked to the NET-scores, we conducted the Genomic Identification of Important Targets in Cancer (GISTIC) analysis and the results showed that HNSCC patients with either high or low NET-scores manifested respective somatic mutations, including TP53, PIK3CA, NOTCH1, and MUC17 (Figures 4A, B). Nevertheless, HNSCC patients with high NET-scores appeared to have a higher trend of TP53 mutations as compared to patients with low NET-scores, i.e., 71% vs. 63%, respectively (Figures 4A, B). Moreover, analysis of the copy number alterations showed that HNSCC patients with either high or low NET scores displayed copy number changes significantly at multiple chromosome loci (Figure 4C), probably related to the clinicopathological features of the HNSCC patients.




Figure 4 | Genomic alterations associated with NET scores in HNSCC samples. (A,B) Waterfall plot of somatic mutations in HNSCCs between high and low NET-score groups. (C) Copy number changes of HNSCCs between NET-score high and low groups.





The NET-scores are conversely related to immune infiltration for patients with HNSCC in TCGA cohorts

To examine the relationship between NET-scores and the immune status in patients with HNSCC in TCGA cohorts, we applied the ESTIMATE algorithm and found that HNSCC patients with low-NET scores had significantly higher ESTIMATE scores, higher immune scores, and higher stromal cells than those with high-NET scores (Figure 5A), indicating that the levels of NET scores are reversely correlated with immune status in HNSCC patients. To confirm this phenotype, the MCPcounter, ssGSEA, and TIMER algorithms were independently used to reveal the abundance of immune infiltrating cell populations based on the NET-scores, tumor stages, tumor grade, gender, and age (Figure 5B). As a result, the heatmap showed that many immune-infiltrating cells were enriched in HNSCC patients with low NET-scores, including CD8 T cells, cytotoxic lymphocytes, NK cells, and neutrophils (Figure 5B). Additionally, the correlation analysis implied that the NET-scores were negatively associated with the abundance of neutrophils in HNSCC patients (Figures 5C, D). Moreover, GSEA showed that several important immune-related pathways were more involved in HNSCC patients with low NET-scores, such as adaptive immune response, immune response, T-cell receptor signaling pathways, and T-cell activation (Figure 5E). Thus, our data revealed that the NET-scores for HNSCC patients may be highly linked to the tumor immune microenvironment.




Figure 5 | NET scores in relation to immunity in the TCGA cohort. (A) Changes in ESTIMATE among HNSCC patients with high and low NET scores. (B) Heatmap showing the abundance of infiltrating immune cell populations for different NET scores according to MCPcounter, ssGSEA, and TIMER algorithms. (C,D) Correlation of NET scores with Neutrophil_ssGSEA and Neutrophil_TIMER. (E) GSEA showing immune related pathways potentially related by NET-score. ****,p<0.001.





The potential immunotherapeutic and chemotherapeutic response associated with NET-score of HNSCC patients

Recent developments in immunotherapy, particularly PD-1 inhibitors, have led to the outperformance of traditional chemotherapy in HNSCC at the recurrent and metastatic stages. Using chemo-immunotherapy, chemotherapy interacts with immune cell mechanisms to enhance current cancer treatment strategies (33). To explore the therapeutic responsiveness based on NET-scores, we first checked the correlation between the NET-scores and the immune checkpoint levels in HNSCC patients. The heatmap showed that HNSCC patients with low NET scores tended to have higher levels of immune checkpoints, including CD274 and CTLA4 (Figure 6A). Subsequent analysis of drug sensitivity revealed that HNSCC patients with low NET-scores were further enriched in the responders, but not in the non-responders, when immune checkpoint inhibitors were performed (Figures 6B, C). In contrast, patients with high NET-scores were probably more non-responders as the immunotherapies were applied (Figures 6B, C). Moreover, NET-scores were significantly linked to the targeted therapies, including afatinib, lapatinib, erlotinib, and ibrutinib, indicating that patients with low NET-scores had a better response to the targeted therapies (Figure 6D).




Figure 6 | Immunotherapy and chemotherapy of NET scores involved in TCGA-HNSCC. (A) Correlation of NET scores and immune checkpoint levels in HNSCC. (B) Submap analysis of NET scores in TCGA-HNSCC. (C) TIDE analysis of NETs scores in TCGA-HNSCC. (D) Boxplots of estimated drug sensitivities for several GDSC chemotherapeutics in the high and low NET scores groups. ****,p<0.001.





NIFK is a potentially prognostic factor and oncogene for HNSCC patients

As shown in Figure 2D, NIFK was ranked at the top of the 7-gene signature as per their variable importance. NIFK, a nucleolar protein interacting with the fork head associated (FHA) domain of Ki67, may play a role in cell cycle progression and mitosis. However, the function of NIFK in human cancer development is not clear. We therefore examined the expression of NIFK in HNSCC samples and their matched benign or normal tissues, and found that NIFK was significantly expressed in the tumorous samples as compared to their normal counterparts (Figure 7A). Further Kaplan–Meier analysis implied that NIFK level is reversely correlated with the survival of HNSCC patients using TCGA cohorts, showing that HNSCC patients with high a level of NIFK had a worse prognosis (Figure 7B). In addition, the GSVA heatmap showed several NIFK associated pathways, such as GO immune-related functions and KEGG tumor-related pathways (Figure 7C). For example, a high level of NIFK was closely linked to KEGG pathways regulating cell cycle, DNA replication, and proteasome, while a low level of NIFK was associated with immune-related pathways involving natural killer cell differentiation, leukocyte proliferation, and immune response (Figure 7C). Subsequent analysis hinted that low levels of NIFK were pertinent to levels of immune checkpoint in TCGA (Figure 7D). Additionally, to address the oncogenic role of NIFK in HNSCC, shRNA was used to knock down the mRNA expression levels of NIFK in two HNSCC cell lines that are widely used, such as Cal27 and SCC25. Using Transwell assay in Cal27/SCC25 control, sh-NIFK#1 and sh-NIFK#2 cells, and the results revealed that cell metastasis capacity in Cal27 and SCC25 cells was inhibited by NIFK shRNA (Figures 8A–D). Subsequently, to investigate the effect of NIFK on the proliferation of HNSCC, we conducted the plate cloning assay with Cal27/SCC25 control, sh-NIFK#1, and sh-NIFK#2 cells, and the results revealed that colony formation in Cal27 and SCC25 cells was inhibited by NIFK shRNA (Figures 8E–H). Thus, these data demonstrate that NIFK is a promising factor for predicting the prognosis of HNSCC patients.




Figure 7 | NIFK has an important role in TCGA-HNSCC. (A) NIFK levels in HNSCC samples grouped by cancer and para-cancerous status in TCGA. (B) Kaplan–Meier curves of TCGA high and low NIFK groups. (C) GSVA heatmap showing functional pathways significantly associated with NIFK in TCGA (GO immune-related functions and KEGG cancer-related pathways). (D) Association analysis showed that NIFK levels were related to immune checkpoints in TCGA. ***,p<0.001; ****,p<0.0001.






Figure 8 | NIFK promotes tumor cell proliferation and metastasis in HNSCC. (A) Transwell migration assay in Cal27 cells silenced with control (sh-NC) or NIFK sh-RNA (#1 and #2). (B) Quantitative analysis of Transwell assay in Cal27 control and sh-NIFK#1 and sh-NIFK#2 cells. (C) Transwell assay in SCC25 control and sh-NIFK#1 and sh-NIFK#2 cells. (D) Quantitative analysis of Transwell assay in SCC25 control and sh-NIFK#1 and sh-NIFK#2 cells. (E) Plate cloning assay in Cal27 control and sh-NIFK#1 and sh-NIFK#2 cells. (F) Quantitative analysis of plate cloning assay in Cal27 control and sh-NIFK#1 and sh-NIFK#2 cells. (G) Plate cloning assay in SCC25 control and sh-NIFK#1 and sh-NIFK#2 cells. (H) Quantitative analysis of plate cloning assay in SCC25 control and sh-NIFK#1 and sh-NIFK#2 cells. ***P <0.001.






Discussion

Head and neck squamous cell carcinomas (HNSCCs) are one of the most common malignant cancers (1, 34, 35). The mainstay treatments for HNSCC at the early stage are surgery and/or radiation, which benefit most patients with a good prognosis (4, 36, 37). For HNSCC patients at the advanced or late stages, systematic therapies are recommended, including chemotherapy, targeted therapy, and immunotherapy (12, 38, 39). Although many HNSCC patients at the advanced/late stages initially respond well to these treatments, most of them will eventually fail and progress to recurrent and/or metastatic diseases (2, 4, 40). For example, a randomized phase III clinical trial to compare the efficacy between different strategies of chemotherapy in advanced HNSCC showed that patients treated by cisplatin and fluorouracil (CF) had a median survival of 8.7 months, as compared to patients administered by cisplatin and paclitaxel (CP) with a median survival of 8.1 months (41). Further studies have revealed that cetuximab (a regimen of targeted therapy) plus platinum-fluorouracil chemotherapy significantly improved overall survival (OS) of recurrent or metastatic HNSCC to 10.1 months, as compared to the OS of patients of 7.4 months treated by platinum-fluorouracil chemotherapy alone (42). Recently, immunotherapy has been widely used in a variety of human cancers, including the recurrent or metastatic HNSCC (43, 44). Emerging evidence has demonstrated that the immune checkpoint targeting agent (such as Pembrolizumab) either alone or combined with chemotherapy significantly prolongs OS of the recurrent/metastatic HNSCC with a CPS (the PD-L1 combined positive score) of ≥20, as compared to cetuximab with chemotherapy (45, 46). Therefore, immunotherapy has been recommended as the first-line therapy for recurrent, unresectable, or metastatic head and neck cancers. Nevertheless, either primary or acquired resistance will eventually occur after treatment with immunotherapy. At present, several mechanisms have been proposed to explain these resistant phenotypes, including tumors failing to produce robust T-cell infiltration or tumors excluding T cells. However, the exact mechanisms for the resistance are not completely understood, which will continue to be the future direction in the field (44, 47). Thus, a major hurdle emerging in the field of cancer immunotherapy is the lack of reliable and predictable biomarkers for many cancer patients, including HNSCC (48).

Neutrophil extracellular traps (NETs) participate in the regulation of neutrophil development. They are web-like structures consisting of chromatin and granule proteins (49, 50). NETs have been demonstrated to be linked with different conditions via distinct mechanisms, such as inflammation, cell damage, and vascular thrombosis (27, 51). Recently, increasing evidence has shown that neutrophil extracellular traps (NETs) play vital roles in tumor initiation, progression, recurrence, and metastasis (27, 44). In particular, NETs may play essential roles in the tumor microenvironment and are crucial to cancer immunotherapy (52, 53). Additionally, several prognostic models based on NETs have been shown in various human cancers. However, whether NETs are also implicated in HNSCC development and if NETs offer prognostic and predicative value for HNSCC is not understood. Li et al. have shown that oral squamous cell carcinoma (OSCC) patients with late stages (III/IV) had a higher level of NETs compared to early stages (I/II), and NETs dictate a procoagulant phenotype that can be partially dampened by DNase I (54). Moreover, a recent study has identified a 6-gene signature associated with NETs, consisting of LTF, CYBB, SELPLG, GAPDH, ANXA3, and CSF2, which contributes to a clinical prognostic model for HNSCC (55).

To explore the prognostic biomarkers for HNSCC, we have conducted a series of analyses and validations in the current study, and our findings have novel points. First, we systematically applied 69 NET-initial biomarkers using TCGA-HNSCC datasets and identified 12 NET-related genes potentially predictive of prognosis for HNSCC. Second, further analysis has identified seven NET-related genes, including NIFK, LINC00460, NUTF2, and LINC02454, some of which are potentially predictive biomarkers for human cancers. For instance, NUTF2 has been reported to be highly expressed in HNSCC, associated with a poor prognosis and related to immune cells, which may serve as a potential biomarker and target for HNSCC (56–58). Additionally, previous studies have established a 12-gene signature based on the fatty acid metabolism to predict the prognosis of HNSCC, which contain the long non-coding RNA, LINC00460, indicating its predictive role for HNSCC (36, 59, 60). Also, another long non-coding RNA, LINC02454, is linked to predicting the prognosis of thyroid cancer (61, 62). In our study, we set up NET scores based on the seven prognostic-related NET genes, and HNSCC with low-NET scores was related to better prognosis and survival of patients. Importantly, our data hinted that the NET scores for HNSCC patients may be correlated with clinical traits for prognostic prediction (Figures 3, 4). Third, HNSCC patients with low-NET scores had higher immune scores, higher stromal cells, and immune-related pathways, which responded well to immunotherapy and targeted therapies (such as afatinib and lapatinib). Thus, our findings suggest that the seven NET-related gene signatures are predictive of prognosis for HNSCC.

In the current study, we identified that NIFK was highly upregulated in HNSCC patient samples as compared to normal tissues, and HNSCC patients with a high level of NIFK had a worse prognosis and a shortened life span, indicating that NIFK is a potential prognostic biomarker for HNSCC, although further functional validation is required. In Figure 7, our characterizations have found that levels of NIFK were related to cell cycle and DNA replication as well as WNT and P53 signaling pathways. In support of the previous reports showing that NIFK is vital for cell cycle progression via RNA recognition motif dependent pre-rRNA maturation (63). Nevertheless, how NIFK functions in human cancers is largely unknown. Recent studies have shown that NIFK is indispensable for lung cancer development through Ki-67 dependent cell proliferation and CK1α/β-catenin activated metastasis (64). Whether NIFK plays a similar role in HNSCC development is not clear, and more work is needed for its verification. Our present study has also found that NIFK involvement in HNSCC progression is linked with immune response and immune associated pathways (Figure 7), hinting that NIFK is also a potential therapeutic target for immunotherapy for HNSCC, although future work is required to validate this conjecture.

However, our current study has potential limitations. For instance, detailed experimental studies must be added to explore the possible mechanisms of NIFK regulation in HNSCC using cell lines, animal models, and human samples. Furthermore, our seven NET-related gene signatures and our NET scores must be validated in the clinics via large-cohort and multicenter studies. Moreover, there exist several gene signatures (including this study) to predict the prognosis of HNSCC. Future studies should be considered to compare the similarities and differences among these signatures and to select the representative targets for HNSCC treatment.



Data availability statement

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



Author contributions

QLL conceived and designed the study. QLL and XC drafted the manuscript. QLL and WC did the statistical analysis, supervised by QHL, JM, and XC. All authors have reviewed, critically revised, and approved the manuscript.



Funding

This study was supported by grants from the National Natural Science Foundation of China (No. 81802973) and the general project of the Natural Science Foundation of Hubei Province (No. 2020CFB844) for QHL. JM was supported in part by the Key Project of the Health Commission of Hubei Province (No. WJ2019Z006). XC was supported, in part, by a grant from the National Natural Science Foundation of China (No. 81602592).



Acknowledgments

We thank colleagues at the Department of Stomatology and Department of Oncology at Tongji Hospital for support and suggestions for our manuscript. We apologize to the colleagues whose work was not cited due to space limitations.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2022.1019967/full#supplementary-material



References

1. Siegel, RL, Miller, KD, Fuchs, HE, and Jemal, A. Cancer Statistics, 2021. CA Cancer J Clin (2021) 71:7–33. doi: 10.3322/caac.21654

2. Santos-de-Frutos, K, Segrelles, C, and Lorz, C. Hippo pathway and YAP signaling alterations in squamous cancer of the head and neck. J Clin Med (2019) 8(12):2131. doi: 10.3390/jcm8122131

3. Chen, Y, Li, ZY, Zhou, GQ, and Sun, Y. An immune-related gene prognostic index for head and neck squamous cell carcinoma. Clin Cancer Res (2021) 27:330–41. doi: 10.1158/1078-0432.CCR-20-2166

4. Frankart, AJ, Breneman, JC, and Pater, LE. Radiation therapy in the treatment of head and neck rhabdomyosarcoma. Cancers (Basel) (2021) 13(14):3567. doi: 10.3390/cancers13143567

5. Wang, X, Wu, S, Liu, F, Ke, D, Wang, X, Pan, D, et al. An immunogenic cell death-related classification predicts prognosis and response to immunotherapy in head and neck squamous cell carcinoma. Front Immunol (2021) 12:781466. doi: 10.3389/fimmu.2021.781466

6. Koury, J, Lucero, M, Cato, C, Chang, L, Geiger, J, Henry, D, et al. Immunotherapies: Exploiting the immune system for cancer treatment. J Immunol Res (2018) 2018:9585614. doi: 10.1155/2018/9585614

7. Finn, OJ. Cancer immunology. N Engl J Med (2008) 358:2704–15. doi: 10.1056/NEJMra072739

8. Moskovitz, JM, and Ferris, RL. Tumor immunology and immunotherapy for head and neck squamous cell carcinoma. J Dent Res (2018) 97:622–6. doi: 10.1177/0022034518759464

9. Wu, Z, Li, S, and Zhu, X. The mechanism of stimulating and mobilizing the immune system enhancing the anti-tumor immunity. Front Immunol (2021) 12:682435. doi: 10.3389/fimmu.2021.682435

10. Cillo, AR, Kurten, CHL, Tabib, T, Qi, Z, Onkar, S, Wang, T, et al. Immune landscape of viral- and carcinogen-driven head and neck cancer. Immunity (2020) 52:183–99.e9. doi: 10.1016/j.immuni.2019.11.014

11. Chow, LQM, Haddad, R, Gupta, S, Mahipal, A, Mehra, R, Tahara, M, et al. Antitumor activity of pembrolizumab in biomarker-unselected patients with recurrent and/or metastatic head and neck squamous cell carcinoma: Results from the phase ib KEYNOTE-012 expansion cohort. J Clin Oncol (2016) 34:3838–45. doi: 10.1200/JCO.2016.68.1478

12. Cramer, JD, Burtness, B, and Ferris, RL. Immunotherapy for head and neck cancer: Recent advances and future directions. Oral Oncol (2019) 99:104460. doi: 10.1016/j.oraloncology.2019.104460

13. O’Donnell, JS, Long, GV, Scolyer, RA, Teng, MW, and Smyth, MJ. Resistance to PD1/PDL1 checkpoint inhibition. Cancer Treat Rev (2017) 52:71–81. doi: 10.1016/j.ctrv.2016.11.007

14. O’Donnell, JS, Smyth, MJ, and Teng, MW. Acquired resistance to anti-PD1 therapy: checkmate to checkpoint blockade? Genome Med (2016) 8:111. doi: 10.1186/s13073-016-0365-1

15. Pitt, JM, Vetizou, M, Daillere, R, Roberti, MP, Yamazaki, T, Routy, B, et al. Resistance mechanisms to immune-checkpoint blockade in cancer: Tumor-intrinsic and -extrinsic factors. Immunity (2016) 44:1255–69. doi: 10.1016/j.immuni.2016.06.001

16. Guller, M, Herberg, M, Amin, N, Alkhatib, H, Maroun, C, Wu, E, et al. Nutritional status as a predictive biomarker for immunotherapy outcomes in advanced head and neck cancer. Cancers (Basel) (2021) 13(22):5772. doi: 10.3390/cancers13225772

17. Mei, Z, Huang, J, Qiao, B, and Lam, AK. Immune checkpoint pathways in immunotherapy for head and neck squamous cell carcinoma. Int J Oral Sci (2020) 12:16. doi: 10.1038/s41368-020-0084-8

18. Watt, S, Vasquez, L, Walter, K, Mann, AL, Kundu, K, Chen, L, et al. Genetic perturbation of PU.1 binding and chromatin looping at neutrophil enhancers associates with autoimmune disease. Nat Commun (2021) 12:2298. doi: 10.1038/s41467-021-22548-8

19. Powell, D, Lou, M, Barros Becker, F, and Huttenlocher, A. Cxcr1 mediates recruitment of neutrophils and supports proliferation of tumor-initiating astrocytes in vivo. Sci Rep (2018) 8:13285. doi: 10.1038/s41598-018-31675-0

20. Ho, WJ, Yarchoan, M, Hopkins, A, Mehra, R, Grossman, S, and Kang, H. Association between pretreatment lymphocyte count and response to PD1 inhibitors in head and neck squamous cell carcinomas. J Immunother Cancer (2018) 6:84. doi: 10.1186/s40425-018-0395-x

21. Thomas, GM, Carbo, C, Curtis, BR, Martinod, K, Mazo, IB, Schatzberg, D, et al. Extracellular DNA traps are associated with the pathogenesis of TRALI in humans and mice. Blood (2012) 119:6335–43. doi: 10.1182/blood-2012-01-405183

22. Skoglund, C, Appelgren, D, Johansson, I, Casas, R, and Ludvigsson, J. Increase of neutrophil extracellular traps, mitochondrial DNA and nuclear DNA in newly diagnosed type 1 diabetes children but not in high-risk children. Front Immunol (2021) 12:628564. doi: 10.3389/fimmu.2021.628564

23. Kato, Y, Nishida, O, Kuriyama, N, Nakamura, T, Kawaji, T, Onouchi, T, et al. Effects of thrombomodulin in reducing lethality and suppressing neutrophil extracellular trap formation in the lungs and liver in a lipopolysaccharide-induced murine septic shock model. Int J Mol Sci (2021) 22(9):4933. doi: 10.3390/ijms22094933

24. Deng, H, Kan, A, Lyu, N, He, M, Huang, X, Qiao, S, et al. Tumor-derived lactate inhibit the efficacy of lenvatinib through regulating PD-L1 expression on neutrophil in hepatocellular carcinoma. J Immunother Cancer (2021) 9(6):e002305. doi: 10.1136/jitc-2020-002305

25. Senbabaoglu, Y, Gejman, RS, Winer, AG, Liu, M, Van Allen, EM, de Velasco, G, et al. Tumor immune microenvironment characterization in clear cell renal cell carcinoma identifies prognostic and immunotherapeutically relevant messenger RNA signatures. Genome Biol (2016) 17:231. doi: 10.1186/s13059-016-1092-z

26. Zhang, Y, Guo, L, Dai, Q, Shang, B, Xiao, T, Di, X, et al. A signature for pan-cancer prognosis based on neutrophil extracellular traps. J Immunother Cancer (2022) 10(6):e004210. doi: 10.1136/jitc-2021-004210

27. Papayannopoulos, V. Neutrophil extracellular traps in immunity and disease. Nat Rev Immunol (2018) 18:134–47. doi: 10.1038/nri.2017.105

28. Brunner, M, Thurnher, D, Pammer, J, Geleff, S, Heiduschka, G, Reinisch, CM, et al. Expression of VEGF-A/C, VEGF-R2, PDGF-alpha/beta, c-kit, EGFR, her-2/Neu, mcl-1 and bmi-1 in merkel cell carcinoma. Mod Pathol (2008) 21:876–84. doi: 10.1038/modpathol.2008.63

29. Liberzon, A, Birger, C, Thorvaldsdottir, H, Ghandi, M, Mesirov, JP, and Tamayo, P. The molecular signatures database (MSigDB) hallmark gene set collection. Cell Syst (2015) 1:417–25. doi: 10.1016/j.cels.2015.12.004

30. Li, Q, Xia, D, Wang, Z, Liu, B, Zhang, J, Peng, P, et al. Circadian rhythm gene PER3 negatively regulates stemness of prostate cancer stem cells via WNT/beta-catenin signaling in tumor microenvironment. Front Cell Dev Biol (2021) 9:656981. doi: 10.3389/fcell.2021.656981

31. Li, S, Zhang, N, Liu, S, Zhang, H, Liu, J, Qi, Y, et al. ITGA5 is a novel oncogenic biomarker and correlates with tumor immune microenvironment in gliomas. Front Oncol (2022) 12:844144. doi: 10.3389/fonc.2022.844144

32. Maeser, D, Gruener, RF, and Huang, RS. oncoPredict: an r package for predicting in vivo or cancer patient drug response and biomarkers from cell line screening data. Brief Bioinform (2021) 22(6):bbab260. doi: 10.1093/bib/bbab260

33. Wolfl, M, Schwinn, S, Yoo, YE, Ress, ML, Braun, M, Chopra, M, et al. Src-kinase inhibitors sensitize human cells of myeloid origin to toll-like-receptor-induced interleukin 12 synthesis. Blood (2013) 122:1203–13. doi: 10.1182/blood-2013-03-488072

34. Johnson, DE, Burtness, B, Leemans, CR, Lui, VWY, Bauman, JE, and Grandis, JR. Head and neck squamous cell carcinoma. Nat Rev Dis Primers (2020) 6:92. doi: 10.1038/s41572-020-00224-3

35. Leemans, CR, Snijders, PJF, and Brakenhoff, RH. The molecular landscape of head and neck cancer. Nat Rev Cancer (2018) 18:269–82. doi: 10.1038/nrc.2018.11

36. Li, Q, Wang, J, Meng, X, Chen, W, Feng, J, and Mao, J. Identification of autophagy-related gene and lncRNA signatures in the prognosis of HNSCC. Oral Dis (2021). doi: 10.1111/odi.13889

37. Cramer, JD, Burtness, B, Le, QT, and Ferris, RL. The changing therapeutic landscape of head and neck cancer. Nat Rev Clin Oncol (2019) 16:669–83. doi: 10.1038/s41571-019-0227-z

38. Miyauchi, S, Kim, SS, Pang, J, Gold, KA, Gutkind, JS, Califano, JA, et al. Immune modulation of head and neck squamous cell carcinoma and the tumor microenvironment by conventional therapeutics. Clin Cancer Res (2019) 25:4211–23. doi: 10.1158/1078-0432.CCR-18-0871

39. Moskovitz, J, Moy, J, and Ferris, RL. Immunotherapy for head and neck squamous cell carcinoma. Curr Oncol Rep (2018) 20:22. doi: 10.1007/s11912-018-0654-5

40. Garcia-Marin, R, Reda, S, Riobello, C, Cabal, VN, Suarez-Fernandez, L, Vivanco, B, et al. Prognostic and therapeutic implications of immune classification by CD8(+) tumor-infiltrating lymphocytes and PD-L1 expression in sinonasal squamous cell carcinoma. Int J Mol Sci (2021) 22(13):6926. doi: 10.3390/ijms22136926

41. Gibson, MK, Li, Y, Murphy, B, Hussain, MH, DeConti, RC, Ensley, J, et al. Randomized phase III evaluation of cisplatin plus fluorouracil versus cisplatin plus paclitaxel in advanced head and neck cancer (E1395): an intergroup trial of the Eastern cooperative oncology group. J Clin Oncol (2005) 23:3562–7. doi: 10.1200/JCO.2005.01.057

42. Vermorken, JB, Mesia, R, Rivera, F, Remenar, E, Kawecki, A, Rottey, S, et al. Platinum-based chemotherapy plus cetuximab in head and neck cancer. N Engl J Med (2008) 359:1116–27. doi: 10.1056/NEJMoa0802656

43. Ribas, A, and Wolchok, JD. Cancer immunotherapy using checkpoint blockade. Science (2018) 359:1350–5. doi: 10.1126/science.aar4060

44. Sharma, P, Siddiqui, BA, Anandhan, S, Yadav, SS, Subudhi, SK, Gao, J, et al. The next decade of immune checkpoint therapy. Cancer Discovery (2021) 11:838–57. doi: 10.1158/2159-8290.CD-20-1680

45. Burtness, B, Harrington, KJ, Greil, R, Soulieres, D, Tahara, M, de Castro, G Jr., et al. Pembrolizumab alone or with chemotherapy versus cetuximab with chemotherapy for recurrent or metastatic squamous cell carcinoma of the head and neck (KEYNOTE-048): a randomised, open-label, phase 3 study. Lancet (2019) 394:1915–28. doi: 10.1016/S0140-6736(19)32591-7

46. Oliva, M, Spreafico, A, Taberna, M, Alemany, L, Coburn, B, Mesia, R, et al. Immune biomarkers of response to immune-checkpoint inhibitors in head and neck squamous cell carcinoma. Ann Oncol (2019) 30:57–67. doi: 10.1093/annonc/mdy507

47. Carlisle, JW, Steuer, CE, Owonikoko, TK, and Saba, NF. An update on the immune landscape in lung and head and neck cancers. CA Cancer J Clin (2020) 70:505–17. doi: 10.3322/caac.21630

48. Solomon, B, Young, RJ, and Rischin, D. Head and neck squamous cell carcinoma: Genomics and emerging biomarkers for immunomodulatory cancer treatments. Semin Cancer Biol (2018) 52:228–40. doi: 10.1016/j.semcancer.2018.01.008

49. Jablonska, E, Garley, M, Surazynski, A, Grubczak, K, Iwaniuk, A, Borys, J, et al. Neutrophil extracellular traps (NETs) formation induced by TGF-beta in oral lichen planus - possible implications for the development of oral cancer. Immunobiology (2020) 225:151901. doi: 10.1016/j.imbio.2019.151901

50. Cedervall, J, Hamidi, A, and Olsson, AK. Platelets, NETs and cancer. Thromb Res (2018) 164 Suppl 1:S148–52. doi: 10.1016/j.thromres.2018.01.049

51. Masucci, MT, Minopoli, M, Del Vecchio, S, and Carriero, MV. The emerging role of neutrophil extracellular traps (NETs) in tumor progression and metastasis. Front Immunol (2020) 11:1749. doi: 10.3389/fimmu.2020.01749

52. Li, D, Shao, J, Cao, B, Zhao, R, Li, H, Gao, W, et al. The significance of neutrophil extracellular traps in colorectal cancer and beyond: From bench to bedside. Front Oncol (2022) 12:848594. doi: 10.3389/fonc.2022.848594

53. Teijeira, A, Garasa, S, Ochoa, MC, Villalba, M, Olivera, I, Cirella, A, et al. IL8, neutrophils, and NETs in a collusion against cancer immunity and immunotherapy. Clin Cancer Res (2021) 27:2383–93. doi: 10.1158/1078-0432.CCR-20-1319

54. Li, B, Liu, Y, Hu, T, Zhang, Y, Zhang, C, Li, T, et al. Neutrophil extracellular traps enhance procoagulant activity in patients with oral squamous cell carcinoma. J Cancer Res Clin Oncol (2019) 145:1695–707. doi: 10.1007/s00432-019-02922-2

55. Chen, N, He, D, and Cui, J. A neutrophil extracellular traps signature predicts the clinical outcomes and immunotherapy response in head and neck squamous cell carcinoma. Front Mol Biosci (2022) 9:833771. doi: 10.3389/fmolb.2022.833771

56. Zhang, R, and Gao, Y. Identification of NUTF2 as a candidate diagnostic and prognostic biomarker associated with immune infiltration in head and neck squamous cell carcinoma. Onco Targets Ther (2021) 14:5455–67. doi: 10.2147/OTT.S337469

57. Zhang, T, Xi, Y, Wu, T, and Liu, J. Nuclear transporting factor 2 as a novel biomarker of head and neck squamous cell carcinoma and associated with T/B cell receptor signaling pathway. BioMed Res Int (2022) 2022:2885323. doi: 10.1155/2022/2885323

58. Li, Y, Huang, Y, Ren, S, Xiao, X, Cao, H, and He, J. A pan-cancer analysis of the oncogenic role of nuclear transport factor 2 in human cancers. Front Oncol (2022) 12:829389. doi: 10.3389/fonc.2022.829389

59. Du, P, Chai, Y, Zong, S, Yue, J, and Xiao, H. Identification of a prognostic model based on fatty acid metabolism-related genes of head and neck squamous cell carcinoma. Front Genet (2022) 13:888764. doi: 10.3389/fgene.2022.888764

60. Jiang, Y, Cao, W, Wu, K, Qin, X, Wang, X, Li, Y, et al. LncRNA LINC00460 promotes EMT in head and neck squamous cell carcinoma by facilitating peroxiredoxin-1 into the nucleus. J Exp Clin Cancer Res (2019) 38:365. doi: 10.1186/s13046-019-1364-z

61. Shan, Y, He, R, Yang, X, Zang, S, Yao, S, Gao, M, et al. An autophagy-related lncRNA prognostic risk model for thyroid cancer. Eur Arch Otorhinolaryngol (2022) 279:1621–31. doi: 10.1007/s00405-021-07134-4

62. Tan, J, Liu, L, Zuo, Z, Song, B, Cai, T, Ding, D, et al. Overexpression of novel long intergenic noncoding RNA LINC02454 is associated with a poor prognosis in papillary thyroid cancer. Oncol Rep (2020) 44:1489–501. doi: 10.3892/or.2020.7712

63. Pan, WA, Tsai, HY, Wang, SC, Hsiao, M, Wu, PY, and Tsai, MD. The RNA recognition motif of NIFK is required for rRNA maturation during cell cycle progression. RNA Biol (2015) 12:255–67. doi: 10.1080/15476286.2015.1017221

64. Lin, TC, Su, CY, Wu, PY, Lai, TC, Pan, WA, Jan, YH, et al. The nucleolar protein NIFK promotes cancer progression via CK1alpha/beta-catenin in metastasis and ki-67-dependent cell proliferation. Elife (2016) 5:e11288. doi: 10.7554/eLife.11288



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

Copyright © 2022 Li, Chen, Li, Mao and Chen. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu-13-1019967-g007.jpg
1.00
Wilcoxon, p = 8.4e-15 =
Z 075
©
Q
[
a 0.50
©
2
>
S 025
(7]
0.00
0 50 100 150 200
Months
NIFK == High == Low
== ko9 61 11 4 1
110 27 5 3 0
0 50 100 150 200
C 1 Status Stage
05 WaAaive M
0 BDead [l
¥ n
05 NiFk = v
_1 9
8 Grade
KEGG proteasome™*** é = g;
KEGG p53 signaling pathway**** 5 G3
KEGG cell cycle**** . Ha
KEGG DNA replication**** Gender
KEGG WNT signaling pathway*** M Female
GO natural killer cell differentiation**** W Male
GO regulation of leukocyte proliferation**** Age
GO T cell activation involved in immune response**** 100
GO regulation of antigen receptor mediated signaling pathway**** 3& 80
GO regulation of B cell receptor signaling pathway**** 60
40
20

CD274 | CTLA4 PDCD1 |
Wilcoxon, p = 6.4¢-09 Wilcoxon, p = 0.00022 Wilcoxon, p = 1.8e-08

iy

High-NIFK  Low-NIFK High-NIFK  Low-NIFK High-NIFK  Low-NIFK






OEBPS/Images/fimmu-13-1019967-g005.jpg
I MCPcounter
M ssGSEA
B TIMER

Gender

Female
H Male
Age

100

80

60

40

20
NET-score

25

2

15

1

0.5

0

1

0.5

0

=05

=1

N

Neutrophil_ssGSEA

Wilcoxon, p < 2]‘e16

ESTIMATEScore

ImmuneScore StromalScore

Wilcoxon, p < 2.2e-16 Wilcoxon, p < 2.2e-16

High Low High Low High Low
NETs-score

U TR --II-ITE"‘*%e
I rade

IMIN Gender
Age
_ NET-score

T
"'! n)ﬁ"m |

—

(LA

Cytotoxic Iymphocytes
T m’\ it
Il \ | Activated dendritic cell ssGSEA****

B lineage*
NK cells****
Monocytic lineage****
Myeloid dendritic cells****
Neutrophils****
Endothelial cells****
Fibroblasts
Activated B cell ssGSEA****
Activated CD4 T cell ssGSEA****
‘\ | H|H ]H ‘ ’\ 1] \ | ‘ (CD56bright natural killer cell ssGSEA****
‘ || LI (CD56dim natural killer cell ssGSEA****
| | 000 Ll H (Central memory CD4 T cell ssGSEA****
I Il Central memory CD8 T cell ssGSEA****
{\ H [ | | | \ I Il E ffector memeory CD4 T cell ssGSEA*™***
Il \ |‘]\| HH (i1l ‘H Y Eﬁector mem(esosréEDB T cell ssGSEA™**
{110 I osinophil ss
\H H| ‘ i ‘ F ‘ “ ‘ Gamma delta T cell sSSGSEA****
Immature B cell sSsGSEA****
IRl ' mmature dendritic cell sSSGSEA****
’ H Macrophage ssGSEA****
Il Mast cell ssGSEA****
\I\H‘\ | MDSC ssGSEA****
| I H
1 \1\I \
I‘ ||

\
’\ HHH Monocyte sSGSEA****

Natural killer cell ssGSEA****
]\ Natural killer T cell ssGSEA****
Il | (| H | \ | Neutrophil ssGSEA****
Plasmacytoid dendritic cell ssGSEA****
H Regulatory T cell ssGSEA****
\ ] T follicular helper cell ssGSEA****
Type 1 T helper cell ssGSEA****
JHH |‘ | \ I , Type 17 T helper cell ssGSEA****
1l I\ | \ | Type 2 T helper cell ssGSEA****
[ I H |H \ II | B cell****
| \ ‘ m T cell CD4****
il

CD8 T cells***
\‘ [I\‘\H\ T
‘” N H i { Il IU\‘\ H!\H
Activated CD8 T cell ssGSEA***
Memory B cell ssGSEA****
I H\ \

\|| | T cell CD8****
| H Neutrophil****
H H Mgcrophage***"
DG+

Neutrophil_TIMER

0.5 1.0 15 2.0 0.5 1.0 15 20

NETs-score NETs-score

adaptive immune response
NES = -2.324 PValue = 0.0001

Enrichment score (ES)

0 10000 20000 30000
Gene ranked positions

immune response
NES = -2.2117 PValue = 0.0001

Enrichment score (ES)

0 10000 20000 30000
Gene ranked positions

T cell receptor signaling pathway
NES = -1.8535 PValue = 0.0001

Enrichment score (ES)

0 10000 20000 30000
Gene ranked positions

T cell activation
NES = -1.9587 PValue = 0.0001

Enrichment score (ES)

0 10000 20000 30000
Gene ranked positions





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        A novel neutrophil extracellular trap signature to predict prognosis and immunotherapy response in head and neck squamous cell carcinoma

      

        		

          Introduction

        



        		

          Methods and material

        

          		

            HNSCC database handling

          



          		

            Establishment of NET enrichment score

          



          		

            Establishment of a NET-related signature

          



          		

            Genomic alteration

          



          		

            Assessing the immunological profile of the TME

          



          		

            Functional annotation of differently expressed NET-related genes

          



          		

            Prediction of drug response

          



          		

            Plate clone formation assay

          



          		

            Transwell assay

          



          		

            RNA interference assay

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Identification of NET-enrichment-scores for the patients with HNSCC

          



          		

            Establishment of a 7-gene NET related signature for HNSCC

          



          		

            Validation of the NET-scores for clinical predicting the survival in HNSCC

          



          		

            The NET-score was relevant to distinct genomic alterations of HNSCC patients

          



          		

            The NET-scores are conversely related to immune infiltration for patients with HNSCC in TCGA cohorts

          



          		

            The potential immunotherapeutic and chemotherapeutic response associated with NET-score of HNSCC patients

          



          		

            NIFK is a potentially prognostic factor and oncogene for HNSCC patients

          



        



        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fimmu-13-1019967-g002.jpg
A
1111 O RO 1
L0200 8 N 1 R
T
LA RO Y
TSI T AT T T T

c

LINC00460

LINC02454
HMGN1P3

NIFK:
LINC00460
NUTF2
LINC02454
ITGAS:
TNFRSF12A:
PDGFA:

SN
LAl

=M= D= OO0
O LA
POOALSGOATEEE2oR
22800
s

25

-

003 006 009
Coefficient

0.005 0.010
Variable Importance

Stage
m

NET-onrichment-score

0015

Wos

Gondor

1 Female

Male

Age

100
50
50

40
20
Status

Aive
" Dead

Coefficient

1.2

09

06

03

00,

‘Hazard Ral

0010294 | i———b———+1.69(113-2.53)

Gene value
LINC02536

NUTF2 <0001
NIFK <0001
MSANTD3 <0001
KOELRZ 0001939
RTNG 0.004251
PVR <0001
LINCO2454 <0001
S100410 0002774
POGFA <0001
HMGN1P3 0002989
KIN1-AS1 0010907
LINCO2551 0016627
RRAS2 0002163
TNFRSF12A <0.001
FHL2 0001008
SLCaA2 0007949
FSCN1 0006248
MYOSLID <0001
CHPF 0003874
1TGAS <0.001
MYOIB 0001195
ACTNT 0002484
cavz 0003175
LINC00480  <0.001
RPSAPS2 000395
LINCO0S41 0019435
GSDME 0014532
FSTL3 0008269
INHBA  0,001089
SERPINET 0001541
cAvt 0015638
TOFBI 0008427

LAMC2

55

5

0031838

Log(Labda)

B
Log(Lambda)

;*fi}4i*{{§*i}ffff*if{f{{

]

164(1.27-2.12)
1.55(124-1.94)
1.42(1.15-1.74)
141(1.14-176)
137(1.1-17)
136(1.14-162)
1.34(1.15-1.55)
132(1.1-158)
T3(1.12-15)
1.26(1.09-1 51)
1.28(1.06-1.54)
126(1.05-1.58)
1.28(1.09-1.5)
1.27(1.12-1.45)
126(1.1-1.45)
1.26(1.06-1.49)
1.25(1.06-1.46)
1.24(1.11-1.38)
123(1.07-1.42)
123(1.1-137)
123(1.08-1.4)
1.22(1.07-1.38)
1.22(1.07-1.39)
T21(1.1-130)
1.18(1.06-1.33)
1.16(1.02-1.32)
1.15(1.03-13)
1.14(1.03-1.25)
113(1.05-1.22)
1.13(1.05-122)
112(1.02-122)
1.12(1.03+121)
1.08(1 01-1 18

- Ovars
- 3vars
- avars
- Svars
- Buars
- 7vars

1TGAS
LINC00460
LINCO2454.
NIFK
NUTF2
PDGFA
TNFRSF12A

et





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-13-1019967-g001.jpg
Gene  P-value | Hazard Ratio__
1.19(1.07-1.33)
1.14(1.01-1.29)
1.13(1.04-1.24)

KCNJ15 0.00187
CREB5 0.0303
MME 0.00603

F3 0.02112 1.1(1.01-1.19)
IL6 0.01891 1.09(1.01-1.18)
CXCL8 0.04443 e 1.08(1-1.16)__
SELP  0.02148 —— 0.87(0.77-0.98)
VNN3  0.02354 —— 0.84(0.72-0.98)

CTSG  0.00902
KCNN3 0.04221
SELPLG 0.00277
IL17A _ 0.00495

0.84(0 73-0.96)
9)

i ¢ 1.00
I&Jg§> 75(022“2-'552 >
SodR22L885685 = 075
cress I "l [ = 3
crse OB 10 08 5 050
CXCL8 e EE:-m- =mfos T
F3 O O00O080e 0.4 2 025
IL17A | = sl [=/m[=m(m/m|ll,, o
S 10 OB 0000 . 0.00
KCNJ15 180 BCE 0 50 100 150 200
kenns| - e mm =] HNE- Months
MME (Il (| = [ - (w04
NETs-enrichment-score == High ==
SELP [« [ = |m |m|m|= [} .. - s—enrichment-score High Low
SELPLG| - /M| = |= M -l §. = hs2 45 8 1 0
VNN3 [m |- m| | m == 0 87 43 8 6 1
0 50 100 150 200
Months

NETs-enrichment-score

1
0.5
0
-0.5
-1
1
CREB5**** 0.5
M ME**** O
ILG**** _
CXCL8*** 05
KCNJ15**+* Gender -1
F3**** Female
VNN 3***  Male Statuls
JL17A= I Alive
CTSG*** B Dead

SELPLG*™**
KCNN3****
SELP™**






OEBPS/Images/fimmu.2022.1019967_cover.jpg
’ frontiers ‘ Frontiers in Immunology

A novel neutrophil extracellular
trap signature to predict
prognosis and immunotherapy
response in head and neck
squamous cell carcinoma





OEBPS/Images/fimmu-13-1019967-g004.jpg
2613

Jd .

T"I:',‘I@l?l -IIIII-III-II-IIIIIIIIIIIII-IIIIII-II-IIIIII-IIIIII-IIIII

1l | 1%
1 PUE11% -
NETs-score

TN RO T A R
0w
070 N
LA A T A
1 Il 1 II ' UL
o III II IEI rllI
I 1] I 1l
10 LT T
| II IIIIII I
11 L ]
i Wi II |
] | | 11
[ I I | |
RELN LA A 1 ] 1
N v
= Missense_Mutation = Splice_Site NETs-score
= Nonsense_Mutation = In_Frame_Del = High
= Frame_Shift_Del = In_Frame_Ins = Low

= Frame_Shift_Ins = Multi_Hit

High NETs-score
40 - m Gain B chr2 B ¢ chrd i ochré + chrg @ Echrmf }chr12§ fchr14§ :chr16_ éhr1$ o:hfznchrz_z

Frequency

cnr13 chr15 chr17 o’hr19 ch|21

Low NETs-score

sy 30 el Gan o2 : chrd tochie s chrg fehr1o ! fchri2i  lchri4l  chr1  chr18 chr2Dchr22
%) 204 @ Loss . - . 4 T : ke 2 e e
2] ' I

5 gy i g

s oy | vt s

ro} 3 3 S s

2

[

fehrtt: ichr13:  chr15  ¢hr1?  chr9 chr21 :

P <0.05
P <0.01
P <0.001






OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu-13-1019967-g006.jpg
1 Stage Age

100
05 M I
{00 R T R AR TN T ORI 0 = ::I 80
B B T QAT AT BTN -05 v 60
40
-1
II L 20
L T A e o e Grade
_ NS et
H G2 I Alive
LI ‘ T I 1] CD274* B63 | Dead
I Il i HEITITT )
ek ke s—score
‘ H TLR9 _ Gender 25
" ”H H “H "H HHN | TNFRSF4 Il Female 2
| HHI (RN TNFRSFO* Wvae B,
*kkk
CTLA b
IH\ |‘H\ PDCD1**** s
H Il CD247** 0
; C P.fisher = 4.59e-08
High-NETs-score_p g
0.8 =
0.177 0.001  Low-NETs-score_p € Rosponder
0.6 E
g
High-NETs-score_b 5
0.4 2
o
0.008 | Low-NETs-score_b e
0.2 E Non-Rosponder
T (@) (@] T £
s ¢ 2 9 S E
— ; - -
[ - | I
T
3 Py ey pvalue > °
~ Nominal p value & §
. P 2
Bonferroni corrected = R\
& N
NETs-score
Afatinib_1032 Erlotinib_1168 Sapitinib_1549
801 Wwilcoxon, p = 0.0033 Wilcoxon, p = 2.3e-05 5001 Wilcoxon, p = 9.8e-14
> > 60 > 400
= = =
7 3 G 300
3 g ¥ 8
o o o 200
2 2 2
° 5 = 1 & é
0
Lapatinib_1558 Ibrutinib_1799 Sepantronium bromide_1941
Wilcoxon, p = 0.0032 Wilcoxon, p = 0.00038 Wilcoxon, p = 1.6e-11
600
2 300 > >003
= = =
@ ‘D 400 2
5 200 & © 0.02
2] 2] 2]
2 =3 =
= 100 = 200 =
o i o 0 0.01
0 0

High-score Low-score High-score Low-score High—score Low-score
NETs—-score NETs—-score NETs—-score





OEBPS/Images/fimmu-13-1019967-g008.jpg
Fkk
200
150

dokk
100
50
o

Cal27 control  sh-NIFK#1 sh-NIFK#2

Number

D
Fkok
100 Sokk
80
3 o0
H
2
20
o
SCC25 control  sh-NIFK#1 sh-NIFK#2
F
Hkk
150
8
g
S 100
S
S
fa
5
z
0
Cal27 control  sh-NIFK#1 sh-NIFK#2
G H
200 Fokok
Fokok
£ 150
s
<
E 100
£
S 50
4

0
SCC25 control  sh-NIFK#1 sh-NIFK#2






OEBPS/Images/fimmu-13-1019967-g003.jpg
>
% Characteristics _p value
g Uni—-cox
o NETscore
a Age
[\ Gender
b Grade
@ Stage
Multi-cox
NETscore
0 5 100 150 200 Age
Months Gender
Grade
NETs-score == High == Low Stage
S=p13 46 8 2 0
O =
o 06 42 8 5 1 D
0 50 100 150 200
Months
2
o _ 2
- Qo
o
© o
[0) : = i
s ° 2
= >
o © _| c
£ < %
8
2 3 -
o
=R 1-year(s) AUC=0.685
S —— 3-year(s) AUC=0.712
o ~——— 5-year(s) AUC=0.746
o L )
T T I I I I —
[{e]
00 02 04 06 038 1.0 b
i
False positive rate 8
F
1.00
2 P
g 075 =
[0] [0]
Q Q
[ [
S 0.50 s
2 2
> >
S 025 g
® ®
0.00
0 25 50 75 100
Months
NETs-score == High =~ Low
(3] o]
N Y
o |47 11 4 0 0 0
M (6 25 9 2 0 ]
4 0 25 5 75 100 3

Hazard Ratio

<0.001 —a—— 2.38(1.58-3.6)
<0.001 1.02(1.01-1.03)
0.056215 0.76(0.57-1.01)
0.965303 1(0.82-1.21)

0.003587 | #=—0——  1.79(1.21-2.6¢

0.001139 | +—e—— 2.21(1.37-3.56)
0.001814 1.02(1.01-1.04)
0.409636 0.87(0.63-1.21)
0.328272 1.12(0.89-1.41)
<0.001 —t——t_ 2.05(1.35-3.12

05 15 25 35

1.00
0.756
0.50
0.25
0.00
0 20 40 60 80
Months
NETs-score == High =~ Low
=57 32 24 14 2
= |40 37 33 24 4
0 20 40 60 80
Months

o
~
(%]

o
o
=]

o
N
o

40
Months

60

80

NETs-score == High =~ Low

=19 87 16 7 0
51 115 31 12 0

40 60 80
Months

0 20





