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Background

Barrier-to-autointegration factor 1 (BANF1) is an abundant and ubiquitously expressed postnatal mammalian protein that is overexpressed in numerous human cancers and can promote cancer cell proliferation. However, the role of BANF1 in prognosis remains unclear in head and neck squamous cell carcinoma (HNSCC).





Methods

BANF1 expression data were obtained from the GEO and TCGA databases. We used Cox regression and Kaplan–Meier curves to assess the prognostic potential of BANF1. The role of BANF1-related genes was investigated using Kyoto Encyclopedia of Genes and Genomes (KEGG) and Gene Ontology (GO) enrichment analyses. In addition, we explored the link between BANF1, drug sensitivity, and the tumor immune microenvironment. Finally, functional in vitro and in vivo assays were used to explore the effects of BANF1 on tumor growth and metastasis of HNSCC.





Results

BANF1 was markedly overexpressed in HNSCC and was correlated with clinicopathological characteristics. According to survival analysis, BANF1 can be inversely correlated with patient survival and can act as a prognostic risk indicator. IC50 values for chemotherapeutic treatments indicated that the group with high BANF1 expression was more responsive to most antitumor treatments. Furthermore, higher TIDE scores were observed in the low BANF1 expression group, indicating a decline in the efficacy of immune checkpoint inhibitor therapy. Functionally, the malignant biological behavior of HNSCC cell lines was inhibited when BANF1 expression was knocked down.





Conclusion

BANF1 can promote tumor progression in patients with HNSCC. BANF1 shows great promise as a potential biomarker to assess the prognosis.
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Introduction

Head and neck squamous cell carcinoma (HNSCC) is responsible for almost 90% of head and neck malignancies (1). HNSCC occurs primarily in the oral cavity, nasal cavity, sinuses, pharynx, and larynx (2–4). HNSCC has an annual diagnosis rate of about 830,000 cases, which represents 8% of all cancer diagnoses. This tumor exhibits a high level of aggressiveness, resulting in a death rate of up to 50% in a period of 5 years (5, 6). HNSCC is a diverse collection of malignancies that exhibit significant differences in tumor site, histological subtype, molecular characteristics, and prognosis (7, 8). HNSCC is influenced by various risk factors, such as tobacco use, alcohol consumption, exposure to environmental pollutants, and viral infections, including human papillomavirus (HPV) and human herpesvirus (HHV) (9). These variables can independently or in combination influence the risk of HNSCC and may vary depending on the specific location of the tumor. Treatment selection is influenced by various factors, including TNM staging, overall patient health, tumor size, nutritional status, availability of resources, and prognosis (10). Immunotherapeutic approaches have advanced significantly in recent years. These include monoclonal antibodies, vaccinations, immunomodulatory antibodies, lysogenic viruses, and T-cell transplants (11). These techniques are routinely utilized in clinical practice. Although humans have made considerable advances in the treatment of HNSCC, patient prognosis has not shown a significant improvement. The overall 5-year survival rate for HNSCC remains poor, ranging from 40% to 50% (12). The main obstacle to HNSCC treatment is the significant recurrence rate and/or metastasis in patients. This not only highlights the difficulties in treating HNSCC, but also uncovers the intricate molecular mechanisms involved in the genesis and progression of cancer. Therefore, it is imperative to investigate potent systemic treatments by obtaining a more thorough understanding of the molecular pathogenesis underlying HNSCC. Furthermore, it is crucial to pinpoint new therapeutic targets related to the prognosis of HNSCC and infiltration of the immune system.

Barrier to autointegration factor 1 (BAF), which is encoded by the BANF1 gene, is sometimes referred to as NGPS or BCRP1. It is located on chromosome 11q13.1. Originally identified and named for its function in binding to viral cytoplasmic DNA, the highly organized control of BAF in conjunction with multiple binding partners and its ability to attach and compact DNA are crucial for important cellular functions. These include the formation of the nuclear membrane after cell division, repairing damage to the protective barrier of the nuclear envelope, regulating gene expression, and responding to DNA damage (13–17). BAF dimers bind LAP2-Emerin-MAN1 (LEM) structural domain proteins and A-type lamellipodia proteins to the nuclear envelope (NE) by attaching to the LEM structural domains of proteins to form Ig-like folds on A-type lamellipodia proteins (18). Each individual BAF monomer has the ability to connect to DNA in a manner that is independent of the specific DNA sequence. This allows the formation of bridges between DNA strands and facilitates functional cross-linking (56). The capacity of BAF to establish DNA-protein complexes is crucial for BAF to perform its primary biological function. DNA binding by BAF in cells is controlled by phosphorylation at the N-terminal (19). BAF can both enhance and inhibit the expression of genes within an organism; BAF collaborates with other gene regulators to selectively influence the expression of specific genes (20). Multiple studies have demonstrated that BANF1 is related to the growth, infiltration, and spread of various tumor cells, such as in gastric (21), liver (22), breast (23), esophageal (24), and cervical malignancies (25). Furthermore, a correlation between BANF1 and the prognosis of certain types of cancer has been shown (26). Wang et al. (27) discovered that BANF1, which originates from tumors, plays a crucial role in the immune response of the body against tumors. Knockdown of BANF1 expression in cancer cells genetically induces activation of innate immunity through the cGAS/STING pathway. This activation results in the production of several interferon-stimulated genes (ISGs) and inflammatory chemokines, which attract CD8+T cells to the tumor microenvironment (TME). Furthermore, simultaneous elimination of BANF1 and the administration of anti-PD-1 antibodies significantly improves the effectiveness of antitumor treatment. Based on the findings of Xu et al. (28), BANF1 is highly expressed in gastric cancer and facilitates proliferation and multiplication of gastric cancer cells. Zhang et al. (57) demonstrated that BANF1 expression was increased in breast cancer and was associated with the spread of cancer cells to the lymph nodes. Sandoval et al. (29) discovered that there are specific associations between ERG and ATP-dependent mammalian SWI/SNF (BAF) chromatin remodeling complexes. These connections are crucial for the ERG-mediated base-to-lumen transition, which is necessary for the targeted action of BAF complexes, gene expression, prostate cancer cell growth, and the overall base-to-lumen transition driven by ERG. Therefore, it is logical to propose that BANF1 may have a significant impact on the HNSCC pathogenesis. However, the exact mechanism by which BANF1 influences HNSCC is not fully understood, and further research is necessary to explore the connection between BANF1 and relevant genes in HNSCC.

The present study examined BANF1 expression levels in HNSCC using data from databases available to the public. We evaluated the relationships between clinicopathological characteristics, overall survival (OS), and BANF1 expression. The relationship between tumor immune cell infiltration and BANF1 expression were also examined. Lastly, we investigated whether BANF1 affects tumor growth and metastasis in HNSCC. Our findings support the involvement of BANF1 in the carcinogenesis and prognosis of HNSCC and may point to a possible biomarker for the prognosis and treatment of the disease.





Materials and methods




BANF1 expression analysis

A total of 548 patients with HNSCC and 44 cases with available paraneoplastic tissue, gene expression data, and corresponding clinical data were recovered from TCGA database. GSE30784, GSE23558, and GSE37991 datasets were selected and downloaded from GEO. The association of the BANF1 RNA expression profile with different tumor pathologic stages in humans was explored using UALCAN (http://ualcan.path.uab.edu/analysis.html).





Evaluation of prognostic value

Survival analyses were performed by the Kaplan–Meier (KM) method using the median BANF1 expression as a threshold. We used both univariate and multivariate Cox regression analyses to determine whether BANF1 may be utilized as a prognostic predictor.





Analysis of BANF1 co-expression and functional enrichment

The biological involvement of BANF1 in HNSCC was investigated by comparing high and low gene expression groups using differential expression gene (DEG) analyses, and |logFC|> 1 and FDR <0.05 were used as parameters for significant DEGs (Supplementary Table 1). Gene Set Enrichment Analysis (GSEA) was used to explore BANF1-related pathways and phenotypes and to compare biological functions between patients with high and low BANF1 expression. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) gene sets were obtained from authorized portals. The “c5.go.v2022.1.Hs.symbols.gmt” and “c2.cp.reactome. v2022.1.Hs.symbols.gmt” subsets were used to assess oncogenic or tumor-associated pathways in HNSCC and to perform functional analyses using the limma, clusterProfiler, and GSEA software packages in R.





Single-cell RNA sequencing analysis

We explored BANF1 expression at the single-cell level in three HNSCC single-cell sequencing datasets (GSE103322, GSE139324 and GSE172577) using the TISCH database.





Immune infiltration analysis

A detailed analysis of immune cell type infiltration involved extracting BANF1 gene expression data from each sample from TCGA HNSCC dataset. Using modules such as QUANTISEQ, TIMER, and XCELL, we explored the correlation between immune cell infiltration and BANF1 expression in HNSCC. TME assessment using the R package ESTIMATE enabled the calculation of stromal and immune scores for each patient based on their gene expression profile.





Immune checkpoint inhibitor therapy and gene expression

The Tumor Immune Dysfunction and Exclusion (TIDE) Platform has greatly improved our understanding of TME by offering a streamlined approach to forecast the potential efficacy of immune checkpoint inhibitors (ICIs) (30). We used the Imvigor210 data set to predict the impact of immunotherapy on the two distinct groups of patients with HNSCC according to their BANF1 expression levels: high and low. Patients with a high TIDE score were more likely to have immunological rejection, suggesting a reduced probability of benefiting from immunotherapy. We utilized the TIDE database to evaluate the prognostic efficacy of BANF1 and other biomarkers in HNSCC immunotherapy groups. The performance of a marker was considered better when its area under the curve (AUC) value is higher.





Analysis of chemotherapeutic sensitivity

The Genomics of Drug Sensitivity in Cancer (GDSC), a public pharmacogenomics database, was used to assess and predict chemotherapy responses in patients with HNSCC belonging to various risk groups in the TCGA database (31). The study examined the half-maximum inhibitory concentration (IC50), which is a reliable indicator of sensitivity to chemotherapy, between two groups: high-risk and low-risk. A statistically significant difference was determined if the p-value was less than 0.05. CellMiner (http://discover.nci.nih.gov/cellminer/) identified a correlation between BANF1 expression and drug response.





Cell lines

Human normal oral epithelial cells (HOK) were obtained from Wuhan Pricella Biotechnology Co., Ltd., while human HNSCC cell lines, HN4, HN6, SCC9, and CAL27, were obtained from the Typical Cultures Preservation Committee (TCPC) Cell Bank of the Chinese Academy of Sciences (CAS), Shanghai, China. DMEM medium, 10% fetal bovine serum, and 100 U/mL penicillin were used for all cell cultures. Cells were cultured at 37°C with 5% CO2.





RNA extraction and quantitative real-time polymerase reaction

Total RNA was extracted from cell lines using Thermo Fisher Scientific’s TRIzol reagent (USA). The NanoDrop spectrophotometer (Thermo Fisher Scientific, USA) was used to ascertain the quantity and purity of RNA. Prime Script RT Master Mix, manufactured by Takara (Cat. #RR047A) was used for the reverse transcription of all RNA and qRT-PCR was performed using CFX96 Touch Real-Time PCR Detection System (Bio-Rad) according to the manufacturer’s instructions. GAPDH was utilized for internal reference and the reaction was performed in a two-step process using the following conditions: initial predenaturation at a temperature of 95°C for a duration of 30 seconds, followed by denaturation at 95°C for 5 seconds, and annealing or extension at 60°C for 30 seconds. This cycle was repeated 50 times. The Ct method was employed to measure expression levels and the 2–ΔΔCt method was used to calculate relative gene expression.





Lentiviral design and transfection

Anhui General Gene Technology Co., Ltd. Successfully designed and constructed targeted lentiviral vectors for gene silencing experiments using BANF1 the gene sequence. The sh-BANF1 sequence and negative control (sh-NC) were designed to achieve effective inhibition of target genes. In this study, GV248 lentiviral RNAi vectors with titers of 9×108 TU/mL and 5×108 TU/mL, respectively. Green fluorescent protein gene was integrated into the transfer plasmid to monitor successful cell transfection or not and to remove untransfected cells by puromycin selection to construct stable transfected strains. qRT-PCR was used to determine BANF1 mRNA expression in SCC9 and CAL27 cells from the sh-BANF1 group and the sh-NC group.





Cell-counting Kit-8 proliferation assay

Transfected SCC9 and CAL27 cells were diluted to 30,000 cells/mL and 100 μL of the cell suspension was added to each well. Each group of cells was inoculated into four 96-well plates and cultured in the incubator for 0, 24, 48, or 72 h. Next, 10 μL of CCK-8 solution was added to each well, incubated in the incubator for 2 h, and then the absorbance at 450 nm was determined with an enzyme marker.





Colony formation assay

The transfected SCC9 and CAL27 cells of each group were stained with Taipan blue for viable cell counting, and 1000 viable cells were seeded per well in a six-well plate, so that the number of clones formed in each well was between 50 and 200. Next, cells were incubated for 10 to 15 days, fix with paraformaldehyde, wash with PBS once, stained with crystal violet for 30 minutes, and washed with water, and finally allowed to air dry. Images of the cultures were captured, and the number of clones formed were counted. To ensure precision, each experiment was performed three times.





Wound healing assay

Once achieving 80% cell confluence of transfected SCC9 and CAL27 cells seeded in 12-well plate, the monolayers were scraped with the tip of a 10 μL pipette. Following three washes with PBS to remove cellular debris, fresh medium containing serum was introduced. At the 0 and 24-h time points following scratching, three high-magnification fields were captured to acquire representative images of cell migration. The scratch width was determined using ImageJ.





Transwell migration and invasion assays

A serum-free cell suspension was prepared, and the cell density was adjusted to 1×105 cells/mL. A 100 µL volume of cell suspension was added to the desired number of chambers in a 24-well plate, and 600 µL of 30% serum medium was added to the lower chamber. After a 24-h incubation, cells were fixed with 4% paraformaldehyde for 15 minutes, washed once with PBS, stained with crystal violet for 10 minutes, and the chambers were immersed and rinsed several times. Three fields of view were randomly selected and the number of cells in the filter membranes were counted using a microscope; their average value was calculated. Three experiments are performed for each sample. For the invasion test, the Transwell system filters were coated with Matrigel (BD Biosciences), and the remaining processes were identical to those of the migration assay.





Xenografts in mice

Immunodeficient nude mice, aged 4 weeks, were purchased from the Laboratory Animal Center of the Air Force Medical University. Breeding conditions and all operational procedures were conducted in accordance with the requirements of the Animal Ethics Committee of the Air Force Medical University. Twelve nude mice were equally and randomly divided into two sh-NC and sh-BANF1 groups. After stable transfection of SCC9 cells, they were cultured to the logarithmic growth stage and resuspended with PBS to reach a cell density of 5×106 cells/mL, and then 200 μl of cell suspension was injected into the mice models. Once subcutaneous tumors formed, mice were examined every 3 days, their weight and tumor size are recorded. Mice were euthanized by cervical dislocation nearly 28 days after inoculation. Tumors samples are placed in a refrigerator at -80°C for future analysis and study.





Statistical analysis

A Wilcoxon rank sum test was used to analyze BANF1 expression levels between HNSCC tissues and non-tumor tissues downloaded from the GEO database. Cox regression was performed using multivariate and univariate analyses. The TME score and IC50 were analyzed using the Wilcoxon test to compare the high- and low-expression groups. Furthermore, we estimated the correlation coefficients between BANF1 expression and immune-infiltrating cell scores by Pearson’s correlation analysis. All statistical analyses were performed using R v.4.1.1 software. Unless otherwise stated, P < 0.05 was considered statistically significant.






Results




High expression of BANF1 in HNSCC

Our comprehensive analysis, which incorporated data from the TIMER2 databases, revealed distinct and tumor-specific expression patterns of BANF1 in 33 different cancer tissues. The expression of BANF1 in 15 tumors was higher than the matched normal tissues, including BLCA, BRCA, CHOL, COAD, ESCA, GBM, HNSC, KIRP, LIHC, LUAD, LUSC, READ, STAD, THCA and UCEC (Figure 1A). To confirm the up-regulation of BANF1 expression in HNSCC, we performed a verification analysis using TCGA data sets. Based on the results acquired, BANF1 mRNA levels in tumor tissues were significantly higher than those of healthy tissues (Figure 1B). The increased expression of BANF1 in HNSCC tissues was verified using samples retrieved from GEO (accession numbers: GSE23558, GSE30784, and GSE37991 datasets) (Figures 1C–E).




Figure 1 | The expression of BANF1 was markedly elevated in HNSCC tissues. (A) The gene expression profiles of BANF1 in the pan-cancer dataset of the TCGA database. (B) In the TCGA database, the expression level of BANF1 was elevated in HNSCC tissue compared to the neighboring normal tissue. (C–E) The expression level of BANF1 was higher in tumor tissues in the GSE37991, GSE23558, and GSE30784 datasets. *P<0.05, **P<0.01, ***P<0.001.



The UNCLAN program was used to evaluate clinical subgroups based on variations in BANF1 expression between normal samples in patients with HNSCC. Figures 2A–F demonstrate a notable increase in BANF1 expression among various subgroups of patients with HNSCC, such as those with TP53 mutations, presence of metastasis, sex, and varying tumor grades and stages. This suggests that BANF1 could serve as a promising biomarker for patients with HNSCC. However, no variation in HPV infection status was observed.




Figure 2 | Comparison of BANF1 expression in different subgroups of Tumor stage (A), Tumor grade (B), Nodal metastasis status (C), Gender (D), TP53 status (E), and HPV status (F). *P<0.05, **P<0.01, ***P<0.001. ns indicated no significance.







Prognostic value of BANF1 in HNSCC

Kaplan–Meier plotter was used to investigate the effects of BANF1 on overall survival in patients with HNSCC. When BANF1 expression was high, patients with HNSCC had a worse prognosis (Figure 3A). The results indicated that BANF1 expression was associated with outcome in patients with advanced HNSCC (Figures 3B–D). In terms of OS, the results of univariate analysis showed that N-stage and high BANF1 expression (P = 0.027, P = 0.013, respectively) were correlated with the OS of patients, whereas age, sex, and pathological grade were not significantly correlated with the OS of patients (P > 0.05). Multifactorial analysis also determined that stage N and BANF1 expression (P = 0.008, P = 0.002, respectively) were independent risk factors for unfavorable OS in HNSCC (Figures 3E, F). These findings suggest that BANF1 expression is strongly associated with poor prognosis in HNSCC patients, highlighting its potential as a prognostic biomarker for this disease.




Figure 3 | Investigation on the predictive importance of BANF1 in HNSCC. (A–D) Survival curves for patients with advanced HNSCC from the TCGA dataset were generated using the Kaplan-Meier plotter database. (E, F) Univariate and multivariate analyses were conducted to examine the relationship between overall survival and clinicopathologic features in individuals with HNSCC.







Analysis of BANF1-related genes

A total of 488 DEGs were identified between the BANF1 high- and low-expression groups, of which 124 genes showed up-regulation and 364 genes showed down-regulation (Figure 4A). Furthermore, GSEA showed that keratinization, developmental biology, cornified envelope formation, innate immune system, and neutrophil degranulation were negatively regulated in patients with BANF1 expression. High BANF1 expression was associated with transcription regulator activity, sequence specific DNA binding, chromatin, positive regulation of RNA metabolic process, and cell-cell signaling (Figures 4B, C). We also performed GO and KEGG pathway analysis, which revealed that the humoral immune response, peptidase inhibitor activity, cytokine-cytokine receptor interaction, and the IL-17 signaling pathway were enriched in patients with down-regulated genes, however, up-regulated genes were predominantly enriched in regionalization, neuronal cell body, signaling receptor activator activity and neuroactive ligand-receptor interaction, and the calcium signaling pathway (Figures 4D, E). In conclusion, these gene enrichment studies suggest that BANF1 is important in the immune response of HNSCC, as well as in the invasion of cancer cells through the cell adhesion pathway.




Figure 4 | Functional enrichment analysis of BANF1 in HNSCC. (A) Volcano plot showing DEGs between high and low expressing BANF1 groups in HNSCC. (B, C) GSEA enrichment plot showing the correlation of high and low BANF1 expression with different tumor-related pathways. (D, E) GO and KEGG pathway analysis of up- and down-regulated DEGs in HNSCC.







Relationship between BANF1 and tumor microenvironment

The prognosis of patients with HNSCC is closely related to multiple indicators of the immune system. To investigate the BANF1 expression in cancerous and immune cells within the TME of HNSCC, we examined three single-cell RNA sequencing databases, namely GSE140228, GSE166635, and GSE98638. Figures 5A–C shows that BANF1 expression was observed in both malignant cells and immune cells, such as
Tprolif cells, CD8+ T cells, Tregs cells, B cells, macrophages, NK cells, and DC cells. The extensive presence of BANF1 in many types of immune cells provides evidence supporting its potential role in the TME of HNSCC. We evaluated immune cell infiltration in patients with HNSCC to clarify the influence of BANF1 on the TME (Supplementary Table 2). A significant negative correlation was found between BANF1 expression and many immune cells, such as Treg cells, mast cells, macrophages, and neutrophils (Figure 6A). Furthermore, patients with low expression of BANF1 had higher Estimate, Immune, and Stromal scores compared to the high expression group (Figures 6B–D). ssGSEA analysis further suggested that patients with low expression of BANF1 may have more active immune responses (Figures 6E, F). These findings confirm our speculation that prolongation of BANF1-associated tumors is strongly associated with immune cell infiltration, which helps to explain the differences in patient survival.




Figure 5 | Sequencing analysis of BANF1 single cells in HNSCC from the TISCH website. The main distributions of BANF1 on cell types in (A) HNSC_GSE103322, (B) HNSC_GSE139324 and (C) OSCC_GSE172577 dataset.






Figure 6 | Quantification of immune-invading cells. (A) The expression of BANF1 showed a substantial negative correlation with the majority of immune cells. (B–F) The BANF1 group with lower levels had elevated TME scores and enhanced immunological activity. *P<0.05, **P<0.01, ***P<0.001. ns indicated no significance.







Prediction of immunotherapy response

We conducted a study using data from the TCGA database to examine the impact of BANF1 expression on immunotherapy responses in patients. The high-expression group exhibited lower TIDE scores, suggesting a more positive response to immunotherapy (Figure 7A). The group with low BANF1 expression had higher dysfunction scores, but lower exclusion scores compared to the group with high BANF1 expression (Figures 7B, C). Furthermore, our analysis revealed that individuals who responded to treatment exhibited markedly higher levels of BANF1 expression compared with those who did not respond (Figure 7D). Furthermore, the findings of the TIDE analysis demonstrated that patients with high expression of BANF1 exhibited a more positive response to ICI treatment compared to those in the low expression group, with response rates of 91% and 79%, respectively (Figure 7E). The predictive capacity of BANF1 to determine immunotherapy response was evaluated by evaluating the AUC and comparing them with other established immunotherapy biomarkers such as TIDE, MSI score, Merck18, IFGN, CD8, and CD274 expression. In the cohort of patients with HNSCC who received pretreatment with PD-1, BANF1 showed greater predictive performance compared to CD274. BANF1 had AUC values >0.8, indicating a high probability of a good response to immunotherapy. Furthermore, in the cohort of patients with HNSCC who received PD-1 treatment, the ability of BANF1 to predict results was similar to that of other biomarkers (Figure 7F). These findings indicate that BANF1 is a reliable marker for immunotherapy in HNSCC.




Figure 7 | Comparison of immunotherapeutic responses between groups with high and low BANF1 expression. (A–C) There are differences in TIDE, Exclusion, and Dysfunction ratings between the groups with high and low expression. (D) Differences in BANF1 gene expression between patients with good response to treatment and those with a poor response. (E) The proportion of individuals who responded and did not respond in groups with high and low expression in TCGA cohort. (F) The TIDE biomarker determines the effectiveness of BANF1 in the immunotherapy response for HNSCC.







BANF1 and drug response

We used the “pRRophetic” software tool to analyze the GDSC database and examine the potential to predict the response to chemotherapy in various risk groups by evaluating BANF1 expression. IC50 values of afatinib, erlotinib, gefitinib, and nelarabine were markedly elevated in the high expression group compared to the low expression group, indicating that these treatments would exhibit reduced chemotherapeutic response rates in the high expression group (Figure 8A). In contrast, cisplatin, docetaxel, paclitaxel, and rapamycin exhibited lower IC50 values in the high-expression group (Figure 8B). This indicates that these medications would be more beneficial for patients with high BANF1 expression levels. There was a favorable correlation between BANF1 expression and response to drugs 7-hydroxystaurosporine, chlorambucil, fenretinide, temsirolimus, and 5-fluoro deoxyuridine 10-mer (Figure 8C). Furthermore, a detrimental association was observed between BANF1 expression and the anticancer drugs selumetinib, cobimetinib (isomer 1), trametinib, okadaic acid, and geldanamycin analog (Figure 8D). These data provide valuable information to researchers to discover drugs that may exhibit sensitivity or resistance to HNSCC tumors based on their BANF1 expression levels.




Figure 8 | BANF1 is a predictive factor for treatment responsiveness in patients with HNSCC. (A, B) Comparative analysis of IC50 values of chemotherapeutic medication in cases of high and low expression of BANF1. (C, D) The correlation between BANF1 and HNSCC IC50 values for small and medium-molecule drugs.







BANF1 promoted HNSCC cell proliferation, migration, and invasion

To confirm the cancer-causing role of BANF1 in HNSCC, we initially examined BANF1 mRNA expression. Five HNSCC cell lines exhibited higher level of BANF1 expression compared to HOK cells (Figure 9A). We created models to silence the BANF1 gene by introducing sh-NC and sh-BANF1 into HNSCC cells by transfection. Following qRT-PCR experiments, the creation of these models was validated in SCC9 and CAL27 cell lines (Figure 9B). The CCK-8 assay demonstrated that BANF1 facilitated cell growth (Figure 9C). Analysis of colony formation demonstrated that suppression of BANF1 significantly hindered cell cloning capacity in SCC9 and CAL27 cells (Figure 9D). We conducted Transwell and scratch assays to examine the impact of BANF1 on HNSCC cell migration and invasion. The wound healing assay demonstrated that inhibition of BANF1 resulted in a decrease in cell migration capacity (Figure 9E). Cell migration and invasion were significantly suppressed by silencing BANF1 expression in the Transwell experiment (Figure 9F). Furthermore, in conjunction with in vitro tests, we created a xenograft HNSCC model in nude mice to investigate the impact of BANF1 on the evolution of HNSCC in a living organism. Subcutaneous injection of BANF1-stabilized and BANF1 knockdown cells SCC9 cells were used to evaluate tumor formation in nude mice. Tumors were collected four weeks after injection. Figures 10A–D shows that the tumor volume and weight of the BANF1 down-regulated group were markedly less compared with the control group. This confirms the role of BANF1 in promoting tumor growth in HNSCC.




Figure 9 | Suppression of BANF1 hindered the growth, movement, and departure of HNSCC cells. (A) The qRT-PCR assay successfully identified the presence of BANF1 mRNA expression in HOK, HN4, HN6, SCC9, and CAL27 cells. (B) qRT-PCR measured the amounts of BANF1 mRNA in SCC9 and CAL27 cells following transfection. (C) Suppression of BANF1 expression hindered the growth and division of HNSCC cells. (D) Suppressing the expression of BANF1 hindered the ability of HNSCC cells to generate clones. (E) The impact of reduced BANF1 expression on the migratory capacity of HNSCC cells was assessed using a scratch assay. (F) The impact of reduced BANF1 expression on the migratory and invasive capabilities of HNSCC cells was assessed using a transwell assay. **P<0.01, ***P<0.001, ****P<0.0001.






Figure 10 | Downregulation of BANF1 expression markedly suppressed the proliferation and expansion of SCC9 cells in a xenograft mice model. (A) Tumor formation under the skin in nude mice with varying levels of BANF1 expression. (B) Comparative analysis of tumor dimensions. (C, D) Comparative analysis of the alterations in weight and volume of subcutaneous tumors in nude mice belonging to distinct BANF1 expression cohorts. ***P<0.001, ****P<0.0001.








Discussion

HNSCC originates in the mucosal epithelium that lines the oral cavity, throat, and larynx (32). HNSCC leads to approximately 550,000 new cases and more than 380,000 deaths worldwide each year (33). The conventional approach to the management of HNSCC involves prioritizing surgery as the primary therapeutic modality. Radiotherapy is frequently employed as a non-operative treatment, as is the combination of radiation, chemotherapy, and surgery (34). Despite recent breakthroughs in diagnostic and imaging procedures, survival rates for individuals with HNSCC have remained unchanged (35). This is due to the frequent recurrence of the disease and the high probability of metastases spreading to the lymph nodes of the neck or to distant regions of the body (36). Recently, the use of ICIs that target the PD-1/PD-L1 pathway has improved the prognosis of patients with metastatic HNSCC (37). However, the results are still not as satisfactory as those seen in other types of cancer, such as melanoma and lung cancer. This difference in outcome may be attributed to the different TME of HNSCC (38). Therefore, it is crucial to identify biomarkers that can accurately predict the effectiveness of immunotherapy for HNSCC.

BANF1, a tiny, nonenzymatic protein, is involved in mitosis and the repair of DNA damage (39). BANF1 is a crucial factor for cell growth and may play a role in tumor development and the transition of normal cells into cancerous cells (40). Wang et al. (27) demonstrated that suppressing BANF1 resulted in restructuring the TME triggered by the immune system, leading to an increased presence of CD8+ T cells and a reduced abundance of myeloid-derived suppressor cells. Xu et al. (27) discovered that both in laboratory settings (in vitro) and in living organisms (in vivo), BANF1 actively facilitated the proliferation of gastric cancer cells. Furthermore, studies have shown that BANF1 can serve as a predictive biomarker for breast cancer and hepatocellular carcinoma (22, 23). Our findings are consistent with earlier studies, indicating that BANF1 is highly expressed in several types of malignancies, including HNSCC. This observation was further validated by analyzing TCGA and GEO databases. Furthermore, qRT-PCR analysis confirmed that BANF1 exhibited up-regulation in HNSCC cells. Additional research is needed to determine whether inhibition of BANF1 can effectively suppress the malignancy of HNSCC cells, in terms of proliferation, migration, and invasion, which are the primary characteristics of cancer cells. The oncogenic effect of BANF1 knockdown was established using wound healing tests, Transwell invasion assays, and tumor formation assays in nude mice. Our findings suggest that BANF1 could be a promising therapeutic target for HNSCC.

Our investigation revealed a strong correlation between BANF1 expression and various clinicopathological characteristics of HNSCC, including tumor grade, stage, TP53 mutational status, and sex. TP53 (p53) is a highly prevalent oncogene in human malignancies (41). P53 proteins play a crucial role in suppressing tumor growth by repairing DNA damage, controlling metabolism, maintaining normal levels of reactive oxygen species (ROS), regulating the expression of non-coding RNAs, and promoting autophagy or iron regulation (42). Li et al. (43) showed that p53-induced activation of damage-regulated autophagy modulator (DRAM) is related to autophagic breakdown of the vaccinia-related kinase 1 (VRK1) protein. Furthermore, VRK1 depletion hindered BANF1 production. Based on this important study, it can be inferred that the regulatory pathway involving VRK1 and BANF1 may be associated with the p53 signaling pathway. Furthermore, findings from TCGA, GEO, and the validation cohort demonstrated that individuals with greater levels of BANF1 in HNSCC had a diminished overall life expectancy compared to those with lower levels of BANF1. Univariate and multivariate Cox analyses provide additional evidence that elevated BANF1 levels may serve as a significant predictor of HNSCC.

Tumor-infiltrating immune cells are a crucial component of the TME and have been shown to have a significant impact on tumor growth and spread (44). A study using immunohistochemistry revealed that tumors invaded by tumor-infiltrating lymphocytes were correlated with improved outcomes in patients with HNSCC (45). We identified the presence of BANF1 in different immunological infiltrates using single-cell sequencing analysis. Our investigation revealed a negative correlation between BANF1 and immune cells such as Treg cells, mast cells, macrophages, and neutrophils. This suggests that BANF1 may be one of the genes that influences the TME of HNSCC. Furthermore, our analysis revealed that high BANF1 expression was associated with lower ImmuneScore, StromalScore, and EstimateScore indices. This suggests that the high BANF1 expression group may be experiencing an immunosuppressed state. Treg cells play a significant role in the management of HNSCC, as they have the ability to effectively protect against malignancy. Treg cells not only modulate lymphocyte function, but also inhibit tumor cell proliferation, acting as a preventive measure against disease (46). Mast cells carry several Toll-like receptors that, upon receiving external signals, secrete inflammatory cytokines such as IL-6 and IL-13. This secretion facilitates the activation of adaptive and innate immune systems (47). The role of tumor-associated macrophages (TAMs) in HNSCC is widely recognized. An increase in the number of TAMs in the TME is associated with the presence of metastatic lymph node disease and more advanced stages of HNSCC (48, 49). Furthermore, a correlation between TAM and the occurrence of epithelial-mesenchymal transition in OSCC has also be described (50). Neutrophils constitute approximately 60% of the total leukocyte population and therefore serve as the initial defense against inflammation and infection. Invasion of several types of cancer cells can result in the development of advanced malignancies and the existence of these cells can impact on the prognosis of advanced cancers (51). These findings indicate that a TME, characterized by elevated levels of BANF1, has strong immunosuppressive characteristics. This creates a microenvironment that facilitates the growth, invasion, and spread of tumors.

Immunotherapy has emerged as a prominent area of research due to its innovative approach to treatment. PD-L1 functions as an immunological checkpoint, inhibiting autoimmunity, and thus preventing the immune system from eliminating cancer cells (52). Consequently, tumor immunotherapy with ICI has emerged as the primary approach to tumor treatment in contemporary times (53). Although there have been significant advances in immunotherapies, there are still obstacles and challenges that hinder their widespread use in the clinical setting. These include limited response rates, the inability to accurately predict clinical effectiveness, and potential side effects such as autoimmune reactions or cytokine release syndromes. In the last 10 years, there have been attempts to improve immunotherapies and discover biomarkers that indicate how well a patient would respond to immune checkpoint blockade (ICB) (54). Although significant advancements have been made in understanding and reversing the signaling pathways associated with T cell fatigue and senescence, there is currently no optimal treatment regimen or single marker that can accurately differentiate between patients who will respond positively to treatment and those who will not. To assess response to treatment, we made predictions on the efficacy of immunotherapy in both the high- and low-expression groups. Our evaluation, using the TIDE approach, showed substantial efficacy of immunotherapy in patients with HNSCC with high expression of BANF1. We evaluated the precision of BANF1 as a predictor of treatment outcome in five cohorts of patients with HNSCC treated with ICB and contrasted it with other established biomarkers related to tumor immune evasion. Our findings indicated that BANF1 reliably predicted a high probability of a positive response to immunotherapy. Agents targeting PD-1/PD-L1 are highly successful in “hot tumors” that are characterized by a high abundance of CD8+ T cells (55). Therefore, by integrating knowledge of the immune microenvironment and TIDE, we postulated that tumors in the BANF1 high expression category predominantly exhibited the characteristics of “hot tumors,” rendering them more receptive to subsequent immunotherapy.

The present investigation had some limitations. The original dataset for the initial analysis was relatively insufficient, as it was only downloaded from TCGA, prior to drawing any conclusions, it is imperative to verify the predictive significance of BANF1 in an actual clinical population. The database utilized in this study did not include any post-translational changes, thus limiting its ability to comprehensively evaluate the impact of these modifications on BANF1 function. Furthermore, BANF1 overexpression offers only indirect evidence, rather than direct evidence, of alterations in the TME. The association between BANF1 and TME is ambiguous. Further research on the BANF1 response to immunotherapy requires extensive protein sequencing or immunohistochemistry to evaluate and validate the correlation using preclinical and functional studies. Greater efforts are needed to improve clinical efficiency before it can be considered viable treatment options. Although we conducted ex vivo and in vivo experiments to demonstrate the tumor-promoting effects of BANF1 in HNSCC, additional trials are required to fully elucidate the role and mechanism of BANF1 in HNSCC.





Conclusion

Using bioinformatics analysis and conducting studies both in vitro and in vivo, we investigated the expression level of BANF1 in patients with HNSCC. This study is the first to identify the possible role and prognostic importance of BANF1 in these patients. The findings suggest that elevated expression of BANF1 is an independent predictor of poor prognosis in patients with HNSCC. BANF1 is a compact and versatile protein that is ubiquitous in many cell types and performs a variety of functions. It can also impact the growth, spread, and movement of HNSCC, and it can also play a crucial role in the microenvironment of HNSCC through the infiltration of immune cells. Our data emphasize the potential of BANF1 in predicting ICI efficacy. Finally, we screened drugs associated with BANF1 sensitivity, providing new insights into targeted therapy for HNSCC. BANF1 has been identified as a potentially prognostic biomarker that can serve as both a reliable clinical diagnostic and therapeutic tool, as well as a valuable resource for researchers in developing effective immunotherapy techniques.
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