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This study comprehensively explored the clinical function of Aurora kinase A (AURKA) gene in nasopharyngeal carcinoma (NPC) and analyzed its potential as a therapeutic target in cancer. Data were downloaded from GEO, STRING, GTEx, and CellMiner databases, and subjected to multiple bioinformatic analyses, including differential expression analysis, WCGNA, gene ontology (GO), Kyoto encyclopedia of genes and genomes (KEGG), gene set enrichment analysis (GSEA), gene set variation analysis (GSVA), miRNA-hub gene regulatory network analysis, immune cell infiltration, and drug sensitivity analysis. In-depth analysis of AURKA gene expression in NPC and its corresponding clinicopathological features was performed to explore its potential as a therapeutic target. Moreover, AURKA gene expression in NPC was validated by qRT-PCR in 21 NPC tissues and 17 normal nasopharyngeal epithelial tissues. AURKA was highly expressed in NPC tissues. Enrichment analysis of AURKA and its co-expressed hub genes indicated their oncogenic role in NPC and their potential involvement in cancer-promoting processes through histone kinase activity and microtubule motility activity, cell cycle, and p53 signaling pathways. AURKA high expression group had greater infiltration of neutrophils, macrophages M2, and dendritic cells resting and less infiltration of T cells CD4+ naïve and T cells γδ. Drug susceptibility analysis found that dacarbazine, R-306465, vorinostat, and other antitumor drugs that act on the cell cycle were closely related to AURKA. qRT-PCR verified the high expression of AURKA in NPC tissues (p < 0.05). We confirmed upregulation of AURKA in NPC tissues. Our results support an oncogenic role of AURKA in the context of NPC, and indicate its potential role as a novel therapeutic target.
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INTRODUCTION
Nasopharyngeal carcinoma (NPC) is the most common head and neck malignancy originating from the nasopharyngeal epithelium, predominantly in the fossa of Rosenmüller (Kamran et al., 2015; Chua et al., 2016; Yosra et al., 2019). Globally, newly-diagnosed NPC accounted for 0.7% of all cancer diagnoses in the year 2020, with 133,354 cases (Sung et al., 2021). Radiation therapy is the first-choice treatment for early NPC. However, post-radiotherapy 5-years survival rate of patients with advanced NPC is only 50%, owing to local recurrence and distant metastasis (Kong et al., 2010). Despite some progress in the research on the therapeutic targets for NPC, the improvement in 5-years survival rate is less than satisfactory (Wu et al., 2015). Further research on the pathogenesis of NPC and the identification of key causative genes are key imperatives to unravel novel therapeutic targets and improve the prognosis of NPC patients.
A series of cell function experiments and in vivo studies in mouse models by Zhao et al. revealed that circTMTC1 promotes NPC deterioration through the miR-495-MET-eIF4G1 axis (Zhao et al., 2022). Zhu et al. found a close association between ALDH1B1 expression and prognosis of locally-advanced NPC (Zhu et al., 2022). In addition, studies have suggested that p38γ is a key oncogene and an important therapeutic target for NPC (Yin et al., 2022), and that Circ_0028007 promotes NPC progression by adsorbing miR-656-3p and increasing ELF2 expression (Ma and Li, 2022). These findings indicate that targeted therapy for NPC is a promising area for further research. However, there is a need for in-depth characterization of the specific mechanisms of these findings.
Aurora kinase A (AURKA) (also referred to as AIK, STK7, and PPP1R47) is a protein-coding gene that is widely expressed in multiple tissues. High expression of AURKA has been reported in various tumors (Yan et al., 2016; Wu et al., 2018; Wang-Bishop et al., 2019; Yi et al., 2021). Most notably, studies have explored the biological function of AURKA in human cancers, such as diffuse large B-cell lymphoma, glioblastoma, gastric, cervical, colorectal, and liver cancers (Shen et al., 2019; Liu et al., 2021; Mesquita et al., 2021; Nguyen et al., 2021; Wang and Sun, 2021; Wu et al., 2021). In addition, inhibition of AURKA was shown to result in a significant reduction of GPX4 and induction of ferroptosis in tumor cells (Gomaa et al., 2019). Therefore, we chose AURKA as the research object and explored the potential functions and mechanisms of AURKA through various analyses.
Despite AURKA has been shown to be an oncogene in many cancers, till date, the role of AURKA in NPC is not well characterized. At present, the targeted therapy of nasopharyngeal carcinoma has entered a bottleneck period, and overcoming it has become a clinical focus and difficulty. Therefore, in-depth study of the potential mechanism of AURKA in NPC is crucial, which may open up a new direction for targeted therapy of NPC. This study provides important support for exploring the clinical function of AURKA in NPC and its potential as a new therapeutic target.
MATERIALS AND METHODS
Sample collection and preprocessing
Thirty-eight tissue samples, including NPC (n = 21) and normal nasopharyngeal epithelium (n = 17) were obtained from patients at the Fujian Cancer Hospital between June 2019 and December 2020. None of the study participants had received any treatment prior to nasopharyngoscopy. Written informed consent was obtained from all subjects. The Biomedical Ethics Committee approved this study at the Fujian Cancer Hospital (No. SQ 2019-068-01). The study procedures complied with the principles of the Declaration of Helsinki. The patient’s pathological staging and typing was according to the American Joint Committee on Cancer (AJCC) classification criteria.
Date download and processing
The NPC expression profiling datasets GSE12452 (Dodd et al., 2006; Sengupta et al., 2006; Hsu et al., 2012) and GSE13597 (Bose et al., 2009)were downloaded from the GEO (https://www.ncbi.nlm.nih.gov/geo/) database using the GEOquery package of R software (version 4.0.3, http://r-project.org/) (Meltzer and Davis, 2007). The GSE12452 dataset includes data of 31 tumor samples and 10 normal samples, and the GSE13597 dataset includes data of 25 tumor samples and 3 normal samples. The limma package was used to perform data normalization on the GSE12452 and GSE13597 datasets (Ritchie et al., 2015).
Screening of differentially expressed genes
Tumor and normal samples were screened for DEGs in the GSE12452 and GSE13597 datasets using the limma package (p < 0.05, |log2FC|>1). The intersection of these DEGs was obtained. The AURKA gene was selected as the research object. The expression of AURKA in GSE12452 and GSE13597 was plotted using the ggpubr (https://CRAN.R-project.org/package=ggpubr) package, and the discrimination efficiency of AURKA in the two datasets was analyzed using the ROCR package (Sing et al., 2005). Finally, the expression of AURKA in human tissues was detected in the GTEx database.
Analysis of AURKA correlation
We divided tumor samples into high- and low-expression groups based on median AURKA expression, and the limma package was used to screen the DEGs (p < 0.05, |log2FC|>1). The 3D principal component analysis (PCA) plots were drawn using the scatterplot3d package (Mächler and Ligges, 2003) to show the similarity between the two sets of samples. The heatmap and ggplot2 packages were used to draw heat map and volcano map, respectively, to show the overall expression and differential expression of AURKA-related genes.
WCGNA
We first performed a co-expression network analysis of genes using the R package WGCNA (Langfelder and Horvath, 2008) and then performed network construction and module identification by topological overlap metric (TOM). Finally, the genes in the most significant modules were intersected with the previously analyzed DEGs to identify the hub genes.
Functional enrichment analysis
We performed Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis on hub genes using the cluster profile package (Yu et al., 2012). In addition, gene set enrichment analysis (GSEA) and gene set variation analysis (GSVA) were performed on the gene expression matrix using the clusterProfiler package and the GSVA package (Hnzelmann et al., 2013), respectively.
PPI interaction network, miRNA-hub gene regulatory network analysis
The STRING protein-protein interaction database was used to analyze the interaction relationship of the hub genes. After the software exported the results, the core genes were further screened using the CytoHubba plugin in Cytoscape (Chin et al., 2014). In addition, Hub gene-miRNA regulation analysis was performed by Networkanalyst (http://www.networkanalyst.ca/NetworkAnalyst), and miRNA-target gene prediction was performed based on the minimum number of network connections. The miRNA-hub gene regulatory network was drawn by Cytoscape software.
Immune infiltration and correlation analysis
The proportions of 21 immune cells in the dataset samples were predicted by CIBERSORT (http://CIBERSORT.stanford.edu/) (Newman et al., 2015) and the LM22 eigengene matrix. We assessed the abundance of 21 immune cells in the GSE12452 dataset through the CIBERSORT package. The samples were divided into high and low expression groups based on the median AURKA expression. Finally, by integrating AURKA expression information, the correlation between AURKA and immune infiltrating cells was assessed using Pearson correlation coefficient (p < 0.05).
Drug sensitivity analysis
The mRNA expression profile and drug activity data of the AURKA gene were downloaded from the CellMiner database (https://discover.nci.nih.gov/cellminer/). The correlation between AURKA and compound sensitivity was assessed by Pearson correlation analysis (p < 0.05).
qRT-PCR validation of the expression of AURKA
AURKA expression in 21 NPC and 17 normal tissues was verified through qRT-PCR. The clinical data for qRT-PCR of patients with NPC in our institution was shown in Supplementary Table S1. The primers of AURKA are listed in Supplementary Table S2 and were synthesized by BioSune (Shanghai, China). The internal reference gene was 18S-rRNA. We used RTIII All-in-One Mix and dsDNase (Monad Biotech Co., Ltd., Shanghai, China) to reverse-transcribe 1 µg of total RNA into cDNA. The qRT-PCR validation was performed on the StepOnePlus Real-Time PCR System (Applied Biosystems, Thermo Fisher Scientific Co., Ltd., US) using Hieff® qPCR SYBR® Green Master Mix, High Rox (Yeasen, Biotechnology Co. Ltd., Shanghai, China). The reaction system was: 95 °C for 10 min, then 41 cycles of 95°C for 15 s and 60°C for 1 min, last 95°C for 15 s.
RESULTS
Data preprocessing and gene screening
The gene expression matrix for the GSE12452 and GSE13597 datasets before and after normalization are presented as box plots (Figures 1A–D). After preprocessing the data, we used the limma package to perform differential analysis on GSE12452 and GSE13597 gene expression data. Finally, 731 DEGs were identified in the GSE12452 dataset, and 1,096 DEGs were identified in the GSE13597 dataset. After screening, AURKA was found to be differentially expressed in both datasets.
[image: Figure 1]FIGURE 1 | Box diagram before and after standardization of GSE12452 and GSE13597 datasets. (A–B) Box diagrams before standardization of GSE12452 and GSE13597; (C–D). Box diagrams after standardization of GSE12452 and GSE13597. Blue represents tumor samples, and red represents normal samples. NPC, nasopharyngeal carcinoma; GEO, Gene Expression Omnibus.
AURKA expression detection and functional analysis
After selecting AURKA as the target gene, we compared the expression of AURKA between tumor samples and normal samples in the GSE12452 and GSE13597 datasets. The results showed significantly greater expression of AURKA in tumor tissues compared with normal tissues (p < 0.05) (Figures 2A,B). On receiver operating characteristic (ROC) curve analysis, the AUC of the GSE12452 group and GSE13597 group was 0.939 and 0.893, respectively. This showed that the two groups were well-differentiated (Figures 2C,D). Subsequently, we detected the expression of AURKA in human tissues through the GTEx database and found that its expression was highest in the testis (Figure 2E).
[image: Figure 2]FIGURE 2 | Expression detection of AURKA gene (A,B). Violin plot showing the expression of AURKA gene in GSE12452 and GSE13597 datasets; (C,D). ROC curve showing that the two groups have a high degree of discrimination, with an AUC of 0.939 in the GSE12452 group and 0.893 in the GSE13597 group; (E). Expression of AURKA in human tissues.
Tumor samples were divided into high- and low-expression groups based on the median expression level of AURKA. The results of PCA indicated obvious clustering in the two groups (Figures 3A,B). Subsequently, based on the differential analysis of high- and low-AURKA expression groups, 1,095 DEGs were identified in the GSE12452 dataset and 1,130 DEGs were identified in the GSE13597 dataset (Figures 3C–F).
[image: Figure 3]FIGURE 3 | Differential expression after grouping by AURKA. (A–B). 3DPCA cluster diagram of AURKA high and low expression groups; (C–D). Volcano plots of DEGs; red represents up-regulated DEGs and blue represents down-regulated DEGs. Grey indicates genes with no differential expression; (E–F). Heat map of the DEGs; red represents up-regulation, and blue represents down-regulation. AURKA, Aurora kinase A; PCA, principal component analysis; DEGs, differentially expressed genes.
WGCNA analysis and functional analysis
To further identify the hub genes in the high and low AURKA groups, we performed WGCNA co-expression network analysis on GSE12452 and GSE13598 tumor samples. By associating module eigengenes with grouping information, we identified 12 feature modules in GSE12452, of which 4 were significantly positively correlated, and 8 were significantly negatively correlated (Figures 4A– B). Seventeen feature modules were identified in GSE13597, including 9 significant positive correlation modules and 8 significant negative correlation modules (Figures 4C– D). The larger the correlation coefficient of the module, the greater its correlation with AURKA expression. Then, we selected the most relevant MEblue modules in GSE12452 and GSE13597, respectively, and intersected the modules’ genes with the previous DEGs. Finally, 36 hub genes were obtained (Figures 4E–F).
[image: Figure 4]FIGURE 4 | WGCNA co-expression network analysis. (A–B). WGCNA analysis of tumor samples in the GSE12452 data set. A total of 12 significantly correlated modules were obtained, among which MEblue showed the strongest correlation with high expression of AURKA; (C–D). WGCNA analysis of tumor samples in the GSE13597 data set. A total of 17 significantly correlated modules were obtained, among which MEblue showed the strongest correlation with high expression of AURKA; (E). Venn diagram results of genes and differential genes of the most significant related modules in WGCNA. A total of 36 hub genes were identified. WGCNA, Weighted Gene Co-Expression Network Analysis; TOM, Topological overlap matrix; ME, Module eigengene; AURKA, Aurora kinase A.
GO analysis revealed a close relation of these 36 hub genes with histone kinase activity, microtubule motor activity, and motor activity (Figure 5A). KEGG analysis showed that the pathways enriched by hub genes mainly included the cell cycle, p53 signaling pathway, Oocyte meiosis, and Human T-cell leukemia virus 1 infection (Figure 5B). Using the Pathview package, we identified hsa04110: cell cycle pathway as having the most significant enrichment. The results of GO and KEGG enrichment analysis related to the hub genes are shown in Supplementary Tables 3–4.
[image: Figure 5]FIGURE 5 | Function enrichment analysis of Hub genes. (A). GO enrichment analysis. The color of the columns indicates the corrected p value; longer column indicates higher number of enriched genes; (B). KEGG enrichment analysis; the annotation is the same as before; (C). The most significantly enriched pathway in the KEGG pathway has04110: cell cycle pathway map display; red represents the degree of enrichment of genes, and the darker the shade, the more up-regulated the gene is in the pathway; the darker the shade of green color, the more obvious is the down-regulation of the gene. GO, Gene ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.
The pathways enriched by GSEA mainly involved FISCHER_DREAM_TARGETS, DODD_NASOPHARYNGEAL_CARCINOMA_DN, KINSEY_TARGETS_OF_EWSR1_FLII_FUSION_UP, SHEDDEN_LUNG_CANCER_POOR_SURVIVAL_A6 (Figures 6A–I). The GSVA enrichment results mainly included KUMAMOTO_RESPONSE_TO_NUTLIN_3A_DN, FINETTI_BREAST_CANCER_KINOME_RED, GO_NEGATIVE_REGULATION_OF_CELL_CHEMOTAXIS_TO_FIBROBLAST_GROWTH_FACTOR, etc. (Figure 7A). On further analysis of the expression and enrichment pathways of AURKA, we found that AURKA had the highest correlation with REACTOME_CONDENSATION_OF_PROMETAPHASE_CHROMOSOMES (Figure 7B). The results of GSEA of the top 20 NES of Hub genes are shown in Supplementary Table S5.
[image: Figure 6]FIGURE 6 | GSEA enrichment analysis of Hub genes. (A–I). Top 9 pathways enriched for hub genes. The larger the NES value, the more genes are enriched in the pathway. GSEA, gene set enrichment analysis; NES, normalized enrichment score.
[image: Figure 7]FIGURE 7 | GSVA analysis of the Hub genes. (A). Heatmap showing differential pathway heatmap quantified by GSVA. Red represents high enrichment, and blue indicates the opposite; (B). Correlation of AURKA gene with differential pathways. Larger points are more relevant. GSVA, gene set variation analysis; AURKA, Aurora kinase (A).
PPI network and miRNA-target gene regulatory network
We constructed a PPI network from the String database to unravel the potential links between the 36 hub genes. On setting the minimum interaction score at 0.4, only 33 of the 36 hub genes were found to interact with the other gene pairs (Figure 8A). The PPI network consisted of these 33 eigengenes and 358 edges, with an average node degree of 19.9. We then further identified the most relevant genes in the PPI network using the Cytohubba plugin. Cytohubba detected the following 15 genes that could be considered as hubs: KIF23, CDK1, CDC20, CCNB1, BUB1B, EX O 1, MCM10, PBK, TTK, UBE2C, RRM2, CEP55, MAD2L1, NCAPG, and KIF11 (Figure 8B).
[image: Figure 8]FIGURE 8 | Analysis of the Hub gene regulation. (A). The hub gene establishes the PPI regulatory network. (B). The Cytohubba plugin further screened fifteen core genes; (C). The miRNA-hub gene regulatory network regulates the hub gene predicted according to the Networkanalyst database. PPI, Protein-Protein Interaction Networks.
Subsequently, we predicted the potential miRNAs regulating the 36 hub genes through the Networkanalyst database. The screening condition was “Trim current network to a minimum connected network.” The final sub-network contained 33 nodes, 171 edges, and 33 seeds (Figure 8C).
Immune infiltration and correlation analysis
To investigate the link between AURKA and immune cell infiltration, we calculated the proportion of these 21 cells infiltrating the tumor microenvironment using the CIBERSORT algorithm. Figure 9A exhibits a panoramic view of immune cell infiltration in the tumor microenvironment of NPC. As seen in the violin plot (Figure 9B), the infiltration of macrophages M2, neutrophils, and dendritic cells resting were relatively more in the AURKA high-expression group. In contrast, T-cell CD4+ naïve and T-cell γδ infiltration were less. Correlation analysis showed a positive correlation of AURKA expression with neutrophils, macrophages M2, and dendritic cells resting and negative correlation with T cell CD4+ naïve and T cell γδ cells (Figure 9C).
[image: Figure 9]FIGURE 9 | Immune infiltration correlation analysis. (A). Panorama of immune cell infiltration in 21 tumor samples; (B). Violin plot comparing immune cell infiltration between AURKA high and low expression groups; (C). Correlation diagram of AURKA gene expression and immune cell infiltration. AURKA, Aurora kinase (A).
Sensitivity analysis of drugs
The relationship between the AURKA gene and drug response was assessed by Pearson correlation analysis. In order of relevance, we selected the top 16 drugs that showed the strongest association with AURKA. We found negative correlation of AURKA with isotretinoin, AMG-176, XL-147, R-306465, CB-839, S-63845, megestrol acetate, AZD-5991, LGH-447, 6-Mercaptopurine, dacarbazine, S-64315, vorinostat, and allopurinol, and a positive correlation of AURKA with TAK-931 and SB-1317 (Figure 10A-P). Supplementary Table S6 shows the correlation between AURKA and drugs based on CellMiner.
[image: Figure 10]FIGURE 10 | Drug sensitivity analysis. (A–P). The top 16 drugs (or small molecule compounds) correlate with the most significant AURKA gene expression. AURKA, Aurora kinase A; NCI, National Cancer Institute.
Tissue verification results of AURKA
Through qRT-PCR, the expression of AURKA was found to be significantly higher in cancer tissues compared to normal tissues (Wilcoxon rank-sum test, p < 0.05) (Figure 11).
[image: Figure 11]FIGURE 11 | qRT-PCR validated AURKA expression in NPC tissue (n = 21) and normal nasopharyngeal epithelial tissue (n = 17). *p < 0.05. AURKA, Aurora kinase A; NPC, nasopharyngeal carcinoma.
DISCUSSION
Globally, an estimated 380,000–550,000 people die from head and neck cancer (HNC) every year (Khetan et al., 2019). NPC is one of the most common HNCs, accounting for 23.8% of all cases (Bray et al., 2018). Local radiation, surgery, other combination therapies, and concurrent chemotherapy can help achieve good disease control. However, 20%–30% patients develop local recurrence or distant metastasis (Pan et al., 2016), and these patients have a poor prognosis (median survival time: approximately 20 months) (Wei and Sham, 2005). Therefore, exploration of the specific mechanisms and key genes involved in NPC recurrence and metastasis is a key imperative to provide new ideas for identifying novel therapeutic targets.
Last few years have witnessed rapid progress in the research on NPC. However, no definite therapeutic targets and mechanism have been identified for treatment of this disease. AURKA has been shown to be highly expressed in certain malignant tumors and is potentially involved in the prophase of mitosis to promote G2/M transition (Katsha et al., 2015). Furthermore, AURKA has been shown to promote tumor progression and drug resistance by activating oncogenic signaling pathways and inhibiting the key tumor suppressor functions of p53 and TAp73 (Katsha et al., 2017; Wang et al., 2017; Wang-Bishop et al., 2019). However, the role of AURKA in NPC is not well characterized. We conducted comprehensive analysis of AURKA to illustrate its clinical significance and potential role in NPC.
We explored the potential role of AURKA in NPC evolution by analyzing tumor tissues and normal tissues in the GSE12452 and GSE13597 datasets. The AURKA gene was found to be differentially expressed in both datasets. Therefore, we chose AURKA as the research object and analyzed its potential functions and mechanisms using various bioinformatics methods. Our analysis revealed significant overexpression of AURKA in NPC tissues. The results of ROC curve analysis indicated that the high- and low-AURKA expression groups were highly discriminative. This indicates that AURKA plays an important role in the evolution of NPC.
Interestingly, similar results have been obtained in other studies. Upregulation of AURKA has been reported in various cancers, including neuroblastoma, lymphoma, colorectal, ovarian and prostate cancers (Lens et al., 2010; Willems et al., 2018). AURKA has been found to interact with various substrate proteins during DNA replication, such as the tumor suppressor gene p53, heterochromatin protein 1γ (HP1γ), histone H3, and HDAC6. Functional diversity makes AURKA an important drug target (Mou et al., 2021). We performed a drug sensitivity analysis on AURKA. In order to rank our top 16 antitumor drugs with the strongest associations, 14 of them were inversely associated with AURKA. Through analysis, it was found that AURKA may be an important drug target of dacarbazine, R-306465 and vorinostatz. KEGG analysis showed that the pathway with the most enriched genes was the cell cycle pathway. We speculate that interfering with the cell cycle of tumor cells by drugs can inhibit the development of tumors. Among them, dacarbazine mainly acts on inhibit the synthesis of purine, RNA and protein in the G2 phase, and it also affects the synthesis of DNA, which can inhibit the division of tumor cells. Both R-306465 and vorinostat were histone deacetylase (HDAC) inhibitors that exert tumor suppressive effects by inducing cell differentiation, cell regulation, and blocking the cell cycle. Therefore, we speculate that these three AURKA-related drugs can be applied to the treatment of NPC.
To further identify the hub genes in the high- and low-AURKA groups, we performed WGCNA co-expression network analysis on GSE12452 and GSE13598 tumor samples, respectively. Ultimately, we focused on 36 hub genes. Functional enrichment analysis of these hub genes indicated their potential involvement in the deterioration of NPC via histone kinase activity, microtubule motility activity, and cell cycle, p53 signaling pathway. Our findings are consistent with previous reports which showed that AURKA promotes the G2/M transition by regulating centrosome microtubule elongation and interacting with histone H3 during DNA replication (Giet et al., 1999; Kinoshita et al., 2005; Katsha et al., 2015; Mou et al., 2021).
Moreover, AURKA has been shown to participate in cancer-promoting processes by regulating the cell cycle and activating oncogenic signaling pathways, including p53 (Saiprasad et al., 2014; Mar et al., 2015; Vilgelm et al., 2015; Katsha et al., 2017; Wang et al., 2017; Wang-Bishop et al., 2019; Wang et al., 2021). Our findings are similar to those described above. In addition, we performed GSEA and GSVA to study the enriched gene set and key pathways. The results showed that GSVA enriched pathways mainly included chromosome condensation in the prophase and metaphase of the cell cycle. The GSEA was mainly enriched in nasopharyngeal carcinoma-related pathways. We speculate that AURKA is a promising molecular target for NPC therapy.
Subsequently, we investigated the role of AURKA in NPC by immune infiltration correlation analysis and drug sensitivity analysis. Correlation analysis of immune infiltrating cells showed that tissues with high AURKA expression had greater infiltration of neutrophils, macrophages M2, and dendritic cells resting, but less infiltration of T cell CD4+ naïve and T cell γδ. The tumor microenvironment can induce the polarization of macrophages towards the M2 phenotype (Mantovani et al., 2002; Ma et al., 2010). M2 macrophages directly inhibit CD4+ T cell-mediated tumor killing through cell-cell contact or release TGF-β and IL-10 and accelerate lymphatic tumor metastasis (Kurahara et al., 2011). High infiltration of M2 macrophages predicts poor tumor prognosis. T cell γδ cells are immune cells that kill cancer cells and tumor stem cells and recognize cancer antigens. Less infiltration of T cell γδ in tumor tissue predicts poor prognosis. Taken together, we found that high AURKA expression may predict poor prognosis in NPC.
Some limitations of our study should be considered while interpreting the results. First, further experiments are required to verify the biological mechanism of AURKA. Second, this study lacked corresponding clinical correlation studies, which are essential to determine the potential role of AURKA as a novel therapeutic target. In addition, the batch-to-batch variation that cannot be avoided and removed may be created during data analysis. Finally, this study has a relatively small sample size and lacks tissue samples with early stage in NPC, and tissue samples should be increased to further analyze the correlation of AURKA expression with clinical characteristics and prognosis.
CONCLUSION
This study comprehensively explored the potential molecular mechanisms and functional roles of AURKA in the evolution of NPC through a variety of databases and bioinformatics analysis methods. We verified that AURKA is highly expressed in NPC tissues. Most importantly, the current analysis supports an oncogenic role of AURKA in the context of NPC, which may be a potential therapeutic target. Our research points out a new direction for molecular targeted therapy for NPC. Nevertheless, the specific mechanism and molecular targets of AURKA in NPC still need further experimental verification.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Materials, further inquiries can be directed to the corresponding authors.
ETHICS STATEMENT
The studies involving human participants were reviewed and approved by Biomedical Ethics Committee of Fujian Cancer Hospital. The patients/participants provided their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS
YX and FP conceived the project and contributed equally to the whole study. YZ and LW participated in data acquisition and interpretation. LC and WZ performed the experiments. CH and LC wrote the manuscript. YX and FP revised the article. All authors read and approved the final manuscript.
FUNDING
The project was funded by the grants of Fujian Provincial Clinical Research Center for Cancer Radiotherapy and Immunotherapy (Grant number: 2020Y2012), and the National Clinical Key Specialty Construction Program.
ACKNOWLEDGMENTS
We sincerely thank the public databases, including GEO, GTEx, CellMiner, and STRING datasets for providing open access.
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.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fgene.2022.926546/full#supplementary-material
REFERENCES
 Bose, S., Yap, L. F., Fung, M., Starzcynski, J., Saleh, A., Morgan, S., et al. (2009). The ATM tumour suppressor gene is down-regulated in EBV-associated nasopharyngeal carcinoma. J. Pathol. 217 (3), 345–352. doi:10.1002/path.2487
 Bray, F., Ferlay, J., Soerjomataram, I., Siegel, R. L., Torre, L. A., and Jemal, A. (2018). Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA A Cancer J. Clin. 68 (6), 394–424. doi:10.3322/caac.21492
 Chin, C. H., Chen, S. H., Wu, H. H., Ho, C. W., Ko, M. T., and Lin, C. Y. (2014). cytoHubba: identifying hub objects and sub-networks from complex interactome. BMC Syst. Biol. 8 (S4), S11. doi:10.1186/1752-0509-8-S4-S11
 Chua, M., Wee, J., Hui, E. P., and Chan, A. T. C. (2016). Nasopharyngeal carcinoma. Lancet 387, 1012–1024. doi:10.1016/S0140-6736(15)00055-0
 Dodd, L. E., Sengupta, S., Chen, I. H., Boon, J. A. D., Hildesheim, A., Westra, W., et al. (2006). Genes involved in DNA repair and nitrosamine metabolism and those located on chromosome 14q32 are dysregulated in nasopharyngeal carcinoma. Cancer Epidemiol. Biomarkers Prev. 15 (11), 2216–2225. doi:10.1158/1055-9965.EPI-06-0455
 Giet, R., Uzbekov, R., Cubizolles, F., Le Guellec, K., and Prigent, C. (1999). The Xenopus laevis aurora-related protein kinase pEg2 associates with and phosphorylates the kinesin-related protein XlEg5. J. Biol. Chem. 274 (21), 15005–15013. doi:10.1074/jbc.274.21.15005
 Gomaa, A., Peng, D., Chen, Z., Soutto, M., El-Rifai, W., Corvalan, A., et al. (2019). Epigenetic regulation of AURKA by miR-4715-3p in upper gastrointestinal cancers. Sci. Rep. 9 (1), 16970. doi:10.1038/s41598-019-53174-6
 Hnzelmann, S., Castelo, R., and Guinney, J. (2013). GSVA: gene set variation analysis for microarray and RNA-seq data. Bmc Bioinforma. 14 (1), 7. doi:10.1186/1471-2105-14-7
 Hsu, W., Tse, K., Liang, S., Chien, Y., Su, W., Yu, K., et al. (2012). Evaluation of human leukocyte antigen-A (HLA-A), other non-HLA markers on chromosome 6p21 and risk of nasopharyngeal carcinoma. PLoS One 7 (8), e42767. doi:10.1371/journal.pone.0042767
 Kamran, S. C., Riaz, N., and Lee, N. (2015). Nasopharyngeal carcinoma. Surg. Oncol. Clin. N. Am. 24 (3), 547–561. doi:10.1016/j.soc.2015.03.008
 Katsha, A., Belkhiri, A., Goff, L., and El-Rifai, W. (2015). Aurora kinase A in gastrointestinal cancers: time to target. Mol. Cancer 14, 106. doi:10.1186/s12943-015-0375-4
 Katsha, A., Wang, L., Arras, J., Omar, O. M., El-Rifai, W., Belkhiri, A., et al. (2017). Activation of EIF4E by aurora kinase A depicts a novel druggable axis in everolimus-resistant cancer cells. Clin. Cancer Res. 23 (14), 3756–3768. doi:10.1158/1078-0432.CCR-16-2141
 Khetan, P., Boffetta, P., Luce, D., Stucker, I., Curado, M., Menezes, A., et al. (2019). Occupations and the risk of head and neck cancer. J. Occup. Environ. Med. 61 (5), 397–404. doi:10.1097/JOM.0000000000001563
 Kinoshita, K., Noetzel, T. L., Pelletier, L., Mechtler, K., Drechsel, D. N., Schwager, A., et al. (2005). Aurora a phosphorylation of TACC3/maskin is required for centrosome-dependent microtubule assembly in mitosis. J. Cell Biol. 170 (7), 1047–1055. doi:10.1083/jcb.200503023
 Kong, L., Zhang, Y. W., Hu, C. S., and Guo, Y. (2010). Neoadjuvant chemotherapy followed by concurrent chemoradiation for locally advanced nasopharyngeal carcinoma. Chin. J. Cancer 29 (5), 551–555. doi:10.5732/cjc.009.10518
 Kurahara, H., Shinchi, H., Mataki, Y., Maemura, K., Noma, H., Kubo, F., et al. (2011). Significance of M2-polarized tumor-associated macrophage in pancreatic cancer. J. Surg. Res. 167 (2), e211–219. doi:10.1016/j.jss.2009.05.026
 Langfelder, P., and Horvath, S. (2008). WGCNA: an R package for weighted correlation network analysis. Bmc Bioinforma. 9 (1), 559. doi:10.1186/1471-2105-9-559
 Lens, S., Voest, E. E., and Medema, R. H. (2010). Shared and separate functions of polo-like kinases and aurora kinases in cancer. Nat. Rev. Cancer 10 (12), 825–841. doi:10.1038/nrc2964
 Liu, F., Zhang, Y., Dong, Y., Ning, P., Zhang, Y., Sun, H., et al. (2021). Knockdown of AURKA sensitizes the efficacy of radiation in human colorectal cancer. Life Sci. 271, 119148. doi:10.1016/j.lfs.2021.119148
 Ma, J., Liu, L., Che, G., Yu, N., Dai, F., and You, Z. (2010). The M1 form of tumor-associated macrophages in non-small cell lung cancer is positively associated with survival time. BMC Cancer 10, 112. doi:10.1186/1471-2407-10-112
 Ma, X., and Li, Y. (2022). Circ_0028007 aggravates the malignancy of nasopharyngeal carcinoma by regulating miR-656-3p/ELF2 Axis. Biochem. Genet. doi:10.1007/s10528-022-10205-8
 Mächler, M., and Ligges, U. (2003). scatterplot3d - an R package for visualizing multivariate data. J. Stat. Softw. 08 (11), 1–20. doi:10.18637/jss.v008.i11
 Mantovani, A., Sozzani, S., Locati, M., Allavena, P., and Sica, A. (2002). Macrophage polarization: tumor-associated macrophages as a paradigm for polarized M2 mononuclear phagocytes. Trends Immunol. 23 (11), 549–555. doi:10.1016/s1471-4906(02)02302-5
 Mar, C., Earnshaw, W. C., and Glover, D. M. (2015). The dawn of aurora kinase research: from fly Genetics to the clinic. Front. Cell Dev. Biol. 3, 73. doi:10.3389/fcell.2015.00073
 Meltzer, P. S., and Davis, S. (2007). GEOquery: a bridge between the gene expression Omnibus (GEO) and BioConductor. Bioinformatics 23 (14), 1846–1847. doi:10.1093/bioinformatics/btm254
 Mesquita, F., Lucena da Silva, E., Souza, P., Lima, L., Amaral, J., Zuercher, W., et al. (2021). Kinase inhibitor screening reveals aurora-a kinase is a potential therapeutic and prognostic biomarker of gastric cancer. J. Cell. Biochem. 122 (10), 1376–1388. doi:10.1002/jcb.30015
 Mou, P., Yang, E., Shi, C., Ren, G., Tao, S., and Shim, J. S. (2021). Aurora kinase A, a synthetic lethal target for precision cancer medicine. Exp. Mol. Med. 53 (5), 835–847. doi:10.1038/s12276-021-00635-6
 Newman, A. M., Liu, C. L., Green, M. R., Gentles, A. J., Feng, W., Xu, Y., et al. (2015). Robust enumeration of cell subsets from tissue expression profiles. Nat. Methods 12, 453–457. doi:10.1038/nmeth.3337
 Nguyen, T., Shang, E., Shu, C., Kim, S., Mela, A., Humala, N., et al. (2021). Aurora kinase A inhibition reverses the Warburg effect and elicits unique metabolic vulnerabilities in glioblastoma. Nat. Commun. 12 (1), 5203. doi:10.1038/s41467-021-25501-x
 Pan, J. J., Ng, W. T., Zong, J. F., Chan, L. L. K., O'Sullivan, B., Lin, S. J., et al. (2016). Proposal for the 8th edition of the AJCC/UICC staging system for nasopharyngeal cancer in the era of intensity-modulated radiotherapy. Cancer 122 (4), 546–558. doi:10.1002/cncr.29795
 Ritchie, M. E., Belinda, P., Wu, D., Hu, Y., Law, C. W., Wei, S., et al. (2015). Limma powers differential expression analyses for RNA-sequencing and microarray studies. Nucleic Acids Res. 43 (7), e47. doi:10.1093/nar/gkv007
 Saiprasad, G., Chitra, P., Manikandan, R., and Sudhandiran, G. (2014). Hesperidin induces apoptosis and triggers autophagic markers through inhibition of Aurora-A mediated phosphoinositide-3-kinase/Akt/mammalian target of rapamycin and glycogen synthase kinase-3 beta signalling cascades in experimental colon carcinogenesis. Eur. J. Cancer 50 (14), 2489–2507. doi:10.1016/j.ejca.2014.06.013
 Sengupta, S., Boon, J., Chen, I. H., Newton, M. A., Ahlquist, P., Chen, M., et al. (2006). Genome-wide expression profiling reveals EBV-associated inhibition of MHC class I expression in nasopharyngeal carcinoma. Cancer Res. 66 (16), 7999–8006. doi:10.1158/0008-5472.CAN-05-4399
 Shen, Z., Chen, Y., Huang, G., Zhu, X., Wang, R., and Chen, L. (2019). Aurora-a confers radioresistance in human hepatocellular carcinoma by activating NF-κB signaling pathway. BMC Cancer 19 (1), 1075. doi:10.1186/s12885-019-6312-y
 Sing, T., Sander, O., Beerenwinkel, N., and Lengauer, T. (2005). ROCR: visualizing classifier performance in R. Bioinformatics 21 (20), 3940–3941. doi:10.1093/bioinformatics/bti623
 Sung, H., Ferlay, J., Siegel, R., Laversanne, M., Soerjomataram, I., Jemal, A., et al. (2021). Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. Ca. Cancer J. Clin. 71 (3), 209–249. doi:10.3322/caac.21660
 Vilgelm, A. E., Pawlikowski, J. S., Liu, Y., Hawkins, O. E., Davis, T. A., Smith, J., et al. (2015). Mdm2 and aurora kinase A inhibitors synergize to block melanoma growth by driving apoptosis and immune clearance of tumor cells. Cancer Res. 75 (1), 181–193. doi:10.1158/0008-5472.CAN-14-2405
 Wang, C. Y., Lee, M. H., Kao, Y. R., Hsiao, S. H., and Wu, C. W. (2021). Alisertib inhibits migration and invasion of EGFR-TKI resistant cells by partially reversing the epithelial-mesenchymal transition. Biochim. Biophys. Acta. Mol. Cell Res. 1868 (6), 119016. doi:10.1016/j.bbamcr.2021.119016
 Wang, L., Arras, J., Katsha, A., Hamdan, S., Belkhiri, A., Ecsedy, J., et al. (2017). Cisplatin-resistant cancer cells are sensitive to Aurora kinase A inhibition by alisertib. Mol. Oncol. 11 (8), 981–995. doi:10.1002/1878-0261.12066
 Wang, S., and Sun, L. (2021). Silencing Aurora-kinase-A (AURKA) reinforced the sensitivity of diffuse large B-cell lymphoma cells to cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) via suppressing β-Catenin and RAS-extracellular signal-regulated protein kinase (ERK1/2) pathway. Bioengineered 12 (1), 8296–8308. doi:10.1080/21655979.2021.1985346
 Wang-Bishop, L., Chen, Z., Gomaa, A., Lockhart, A. C., Salaria, S., Wang, J., et al. (2019). Inhibition of AURKA reduces proliferation and survival of gastrointestinal cancer cells with activated KRAS by preventing activation of RPS6KB1. Gastroenterology 156 (3), 662–675. doi:10.1053/j.gastro.2018.10.030
 Wei, W., and Sham, J. (2005). Nasopharyngeal carcinoma. Lancet 365 (9476), 2041–2054. doi:10.1016/S0140-6736(05)66698-6
 Willems, E., Dedobbeleer, M., Digregorio, M., Lombard, A., Lumapat, P. N., and Rogister, B. (2018). The functional diversity of aurora kinases: a comprehensive review. Cell Div. 13 (1), 7. doi:10.1186/s13008-018-0040-6
 Wu, A., Wu, K., Li, J., Mo, Y., Lin, Y., Wang, Y., et al. (2015). Let-7a inhibits migration, invasion and epithelial-mesenchymal transition by targeting HMGA2 in nasopharyngeal carcinoma. J. Transl. Med. 13, 105. doi:10.1186/s12967-015-0462-8
 Wu, C., Junfang, L., Ju, Y. E., Liu, Y., Zhang, B., and Sup, S. J. (2018). Targeting AURKA-CDC25C axis to induce synthetic lethality in ARID1A-deficient colorectal cancer cells. Nat. Commun. 9 (1), 3212. doi:10.1038/s41467-018-05694-4
 Wu, P., Wang, C., Hsieh, M., Lee, C., Wang, P., Lin, C., et al. (2021). The impact of aurora kinase A genetic polymorphisms on cervical cancer progression and clinicopathologic characteristics. Int. J. Med. Sci. 18 (11), 2457–2465. doi:10.7150/ijms.58516
 Yan, M., Wang, C., He, B., Yang, M., Tong, M., Long, Z., et al. (2016). Aurora-A kinase: a potent oncogene and target for cancer therapy. Med. Res. Rev. 36 (6), 1036–1079. doi:10.1002/med.21399
 Yi, J. S., Sias-Garcia, O., Nasholm, N., Hu, X., Iniguez, A. B., Hall, M. D., et al. (2021). The synergy of BET inhibitors with aurora A kinase inhibitors in MYCN -amplified neuroblastoma is heightened with functional TP53. Neoplasia 23 (6), 624–633. doi:10.1016/j.neo.2021.05.003
 Yin, D., Zheng, Y., Sun, P., Yao, M., Xie, L., Dou, X., et al. (2022). The pro-tumorigenic activity of p38γ overexpression in nasopharyngeal carcinoma. Cell Death Dis. 13 (3), 210. doi:10.1038/s41419-022-04637-8
 Yosra, M., Sameh, S., Randa, G., Yassmine, R., Gabbouj, S., Nadia, B., et al. (2019). Functional polymorphisms and gene expression of TLR9 gene as protective factors for nasopharyngeal carcinoma severity and progression. J. Immunol. Res. 2019, 2826563. doi:10.1155/2019/2826563
 Yu, G., Wang, L., Han, Y., and He, Q. (2012). clusterProfiler: an R package for comparing biological themes among gene clusters. Omics-a J. Integr. Biol. 16 (5), 284–287. doi:10.1089/omi.2011.0118
 Zhao, Y., Li, C., Zhang, Y., and Li, Z. (2022). CircTMTC1 contributes to nasopharyngeal carcinoma progression through targeting miR-495-MET-eIF4G1 translational regulation axis. Cell Death Dis. 13 (3), 250. doi:10.1038/s41419-022-04686-z
 Zhu, T., He, J., Liu, Y., Deng, K., Zuo, J., and Ai, X. (2022). ALDH1B1 predicts poor survival for locally advanced nasopharyngeal carcinoma patients. Transl. Cancer Res. 11 (2), 382–391. doi:10.21037/tcr-21-1979
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.
Copyright © 2022 Huang, Chen, Zhang, Wang, Zheng, Peng and Xu. 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.
OPS/images/fgene-13-926546-g005.gif
L
,
____ ___ ]
_ il
i
Tl

<






OPS/images/fgene-13-926546-g006.gif





OPS/images/fgene-13-926546-g003.gif





OPS/images/fgene-13-926546-g004.gif





OPS/images/fgene-13-926546-g009.gif
l,lld 'h“l l!

I il ““

//f;,f, e 4






OPS/images/fgene-13-926546-g007.gif
oo S
T

7
7
Fd

S
@
i

LS
7





OPS/images/fgene-13-926546-g008.gif





OPS/xhtml/nav.xhtml
Contents

		Cover

		Predicting AURKA as a novel therapeutic target for NPC: A comprehensive analysis based on bioinformatics and validation		Introduction

		Materials and methods		Sample collection and preprocessing

		Date download and processing

		Screening of differentially expressed genes

		Analysis of AURKA correlation

		WCGNA

		Functional enrichment analysis

		PPI interaction network, miRNA-hub gene regulatory network analysis

		Immune infiltration and correlation analysis

		Drug sensitivity analysis

		qRT-PCR validation of the expression of AURKA





		Results		Data preprocessing and gene screening

		AURKA expression detection and functional analysis

		WGCNA analysis and functional analysis

		PPI network and miRNA-target gene regulatory network

		Immune infiltration and correlation analysis

		Sensitivity analysis of drugs

		Tissue verification results of AURKA





		Discussion

		Conclusion

		Data availability statement

		Ethics statement

		Author contributions

		Funding

		Acknowledgments

		Publisher’s note

		Supplementary material

		References









OPS/images/cover.jpg
, frontiers | Frontiers in Genetics

Predicting AURKA as a novel
therapeutic target for NPC: A
comprehensive analysis based
on bioinformatics and validation





OPS/images/fgene-13-926546-g001.gif
(GSE13s87

(GSEf2452

GsE13597

Gseraes2






OPS/images/fgene-13-926546-g002.gif
_______________






OPS/images/fgene-13-926546-g011.gif





OPS/images/fgene-13-926546-g010.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
P frontiers | Frontiers in Genetics





