

[image: Integrative Pan-Cancer Analysis of KIF15 Reveals Its Diagnosis and Prognosis Value in Nasopharyngeal Carcinoma]
Integrative Pan-Cancer Analysis of KIF15 Reveals Its Diagnosis and Prognosis Value in Nasopharyngeal Carcinoma





ORIGINAL RESEARCH

published: 11 March 2022

doi: 10.3389/fonc.2022.772816

[image: image2]


Integrative Pan-Cancer Analysis of KIF15 Reveals Its Diagnosis and Prognosis Value in Nasopharyngeal Carcinoma


Jinglin Mi 1†, Shanshan Ma 1†, Wei Chen 1,2†, Min Kang 1,3, Meng Xu 1, Chang Liu 1, Bo Li 1, Fang Wu 1,3, Fengju Liu 4, Yong Zhang 1, Rensheng Wang 1,3* and Li Jiang 1*


1 Department of Radiation Oncology, The First Affiliated Hospital of Guangxi Medical University, Nanning, China, 2 Department of Oncology, Yunfu People’s Hospital, Yunfu, China, 3 Key Laboratory of High-Incidence-Tumor Prevention & Treatment (Guangxi Medical University), Ministry of Education, Nanning, China, 4 Department of Pathology, The First Affiliated Hospital of Guangxi Medical University, Nanning, China




Edited by: 

Heming Lu, People’s Hospital of Guangxi Zhuang Autonomous Region, China

Reviewed by: 

Zheng Chen, Fudan University, China

Liangfang Shen, Central South University, China

Li Rongqing, The First Affiliated Hospital of Kunming Medical University, China

*Correspondence: 

Li Jiang
 jiangligxmu@163.com 

Rensheng Wang
 13807806008@163.com

†These authors share first authorship

Specialty section: 
 This article was submitted to Head and Neck Cancer, a section of the journal Frontiers in Oncology


Received: 08 September 2021

Accepted: 18 February 2022

Published: 11 March 2022

Citation:
Mi J, Ma S, Chen W, Kang M, Xu M, Liu C, Li B, Wu F, Liu F, Zhang Y, Wang R and Jiang L (2022) Integrative Pan-Cancer Analysis of KIF15 Reveals Its Diagnosis and Prognosis Value in Nasopharyngeal Carcinoma. Front. Oncol. 12:772816. doi: 10.3389/fonc.2022.772816




Background

KIF15 plays a vital role in many biological processes and has been reported to influence the occurrence and development of certain human cancers. However, there are few systematic evaluations on the role of KIF15 in human cancers, and the role of KIF15 in the diagnosis and prognosis of nasopharyngeal carcinoma (NPC) also remains unexplored. Therefore, this study aimed to conduct a pan-cancer analysis of KIF15 and evaluate its diagnostic and prognostic potential in NPC.



Methods

The expression pattern, prognostic value, molecular function, tumor mutation burden, microsatellite instability, and immune cell infiltration of KIF15 were examined based on public databases. Next, the diagnostic value of KIF15 in NPC was analyzed using the Gene Expression Omnibus (GEO) database and immunohistochemistry (IHC). Kaplan–Meier curves, Cox regression analyses, and nomograms were used to evaluate the effects of KIF15 expression on NPC prognosis. Finally, the effect of KIF15 on NPC was explored by in vitro experiments.



Results

The expression of KIF15 was significantly upregulated in 20 out of 33 cancer types compared to adjacent normal tissue. Kyoto Encyclopedia of Genes and Genomes enrichment (KEGG) analysis showed that KIF15 could participate in several cancer-related pathways. The increased expression level of KIF15 was correlated with worse clinical outcomes in many types of human cancers. Additionally, KIF15 expression was related to cancer infiltration of immune cells, tumor mutation burden, and microsatellite instability. In the analysis of NPC, KIF15 was significantly upregulated based on the GEO database and immunohistochemistry. A high expression of KIF15 was negatively associated with the prognosis of patients with NPC. A nomogram model integrating clinical characteristics and KIF15 expression was established, and it showed good predictive ability with an area under the curve value of 0.73. KIF15 knockdown significantly inhibited NPC cell proliferation and migration.



Conclusions

Our findings revealed the important and functional role of KIF15 as an oncogene in pan-cancer. Moreover, high expression of KIF15 was found in NPC tissues, and was correlated with poor prognosis in NPC. KIF15 may serve as a potential therapeutic target in NPC treatment.
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Introduction

Cancer has become the leading cause of morbidity and mortality in low- and high-income countries around the world (1). Due to population aging and growth, the global number of patients with cancer is predicted to increase (2). Despite great advances in diagnostic and therapeutic methods of treating cancer in recent years, the survival outcome and quality of life of patients remains unsatisfactory (3). Among all types of cancers, nasopharyngeal carcinoma (NPC) is endemic to southeast Asia, north Africa, and southern China. According to GLOBOCAN estimates, the age-standardized rate of NPC is 4–25 cases per 100,000 individuals in these regions (4, 5). The tumorigenesis and progression of NPC are closely related to genetic factors, environmental effects, and Epstein–Barr virus (EBV) infection (6). Advanced NPC had worse clinical outcomes due to delayed diagnosis and distant metastasis are the critical factors for treatment failure (7). Consequently, it is necessary to identify novel biomarkers and investigate the molecular mechanisms for improving early diagnosis and prognosis of NPC.

The kinesin superfamily (KIF) is an important microtubule-dependent motor protein that participates in the transport of various cargos including vesicles, membranous organelles, and mRNAs (8). To date, more than 45 KIF members have been found in mammalian cells and they are classified into 14 families base on their structural features (9). KIF15, a member of kinesin-12 family, is a plus end-directed motor with an N-terminal motor domain that plays a key role in bipolar spindle assembly (10). During cell division, dysregulation of KIF15 can result in aberrant cell proliferation, tumorigenesis, and tumor aggressiveness (11). Recently, KIF15 has been proven to be over-expressed in various cancers including gastric cancer, hepatocellular carcinoma, and lung adenocarcinoma (12–14). However, the functions of KIF15 in pan-cancer are not fully understood. Moreover, there is a lack of evidence on the effects of KIF15 expression on the diagnosis and prognosis of NPC.

In the present study, we comprehensively analyzed the expression signature, prognostic value, and associated pathways of KIF15 across 33 types of human cancers using multiple databases. Subsequently, the correlations between KIF15 and tumor mutation burden (TMB), microsatellite instability (MSI), and immune infiltration degree were investigated. We further analyzed the mRNA expression of KIF15 in NPC tissues and normal tissues using the Gene Expression Omnibus (GEO) database. Immunohistochemical analysis (IHC) was utilized to verify the protein expression level of KIF15 and its diagnostic and prognostic value in NPC. RNA interference was conducted to silence the KIF15 expression to investigate its molecular function in the NPC cell lines. The results of our study could contribute to a better understanding of the effects of KIF15 on cancer (specifically NPC) occurrence, development, and prognosis.



Materials and Methods


Analysis of KIF15 Differential Expression in Pan-Cancer

The Cancer Genome Atlas (TCGA) is a web-based, publicly available database, which contains more than 2.5 petabytes of genomic, transcriptomic, and proteomic data of over 20,000 cancer patients across 33 different cancer types (http://cancergenome.nih.gov/). Gene expression data and clinical data of TCGA were downloaded using the University of California, Santa Cruz Xena (UCSC Xena) online tool. Wilcoxon test was used to assess the expression levels of KIF15 in various cancers based on TCGA database. The Oncomine database is a useful platform that provides a powerful series of analyses, including comparison gene expression signatures, clusters, and gene-set modules (www.oncomine.org). The Kaplan-Meier plotter is capable of evaluating the potential role of mRNA, miRNA, and proteins in 21 cancer types (http://kmplot.com/analysis/). The expression pattern of KIF15 in pan-cancer was further verified by Oncomine database and Kaplan-Meier plotter database. The clinical relationship between KIF15 expression level and patients’ cancer stage was evaluated using limma package and RColorBrewer package was used to visualized the results, we used ‘avereps’ function from limma package to condense the microarray data object so that values for within-array replicate probes are replaced with their average, for each cancer type, we compared gene expression differences of KIF15 between each of the two cancer stages using the Wilcox test. P values were set as statistically significant according to the following: *P<0.05; **P<0.01 and ***P<0.001.



Analysis of KIF15 Expression and Prognosis in Pan-Cancer

To evaluate the KIF15 potential prognostic value in pan-cancer, univariate Cox regression and Kaplan-Meier (KM) method were used to analyze overall survival (OS), disease-free interval (DFI), disease-specific survival (DSS) and progression-free interval (PFI) based on TCGA database. The GEPIA web-based platform was applied to analyze the KIF15 expression level in pan-cancer (http://gepia2.cancer-pku.cn). A P value <0.05 was set as significantly different.

Meta-analysis was carried out using Review Manager (RevMan) version 5.3. The eligible studies were searched for on public databases, including PubMed, PrognoScan and Chinese National Knowledge Infrastructure (CNKI) up to December 31, 2021. The search strategy was as follows: (“KIF15” or “kinesin family member 15”) AND (“tumor” or “cancer” or “carcinoma” or “malignancy”) AND (“survival” or “outcome” or “prognostic”). The inclusion criteria were: (1) the expression level of KIF15 was detected in human cancer; (2) the correlation of KIF15 expression and OS or Disease-free survival (DFS) or Relapse-Free Survival (RFS) or Local relapse-free survival (LRFS) or Distant metastasis-free survival (DMFS) was evaluated; and (3) the hazard ratios (HRs) with 95% confidence intervals (CIs) could be acquired directly or estimated. The exclusion criteria were: (1) articles that were reviews, case reports, letters, meeting abstracts, or expert opinions; (2) duplicate literature; and (3) data that were insufficiently detailed or the needed descriptive or inferential statistics could not be calculated.

We evaluated the correlation between KIF15 and the survival results (OS, RFS, and DMFS) by the pooled HR and 95% CIs. A P<0.05 was regarded to be statistically significant. Higgins I2 statistics and the chi-square Q test were applied to analyze the heterogeneity of different studies. When the heterogeneity was statistically significant (P>0.1 or I2<50%), the fixed-effect model (FEM) was built; otherwise, the random-effect model (REM) was built. A funnel plot and the Egger test were used to evaluate publication bias.



Functional Analysis of KIF15 Related Genes

The GEPIA database was utilized to identify the significantly related genes of KIF15 in human cancers. The correlation coefficient was calculated using the Pearson method and the top 100 genes most relevant to KIF15 were selected. GO and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analyses was performed to investigate the biological functions of these genes by Database for Annotation, Visualization, and Integrated Discovery (DAVID) (https://david.ncifcrf.gov/). Next, a protein–protein interaction (PPI) network was constructed and visualized by Cytoscape (version 8.2). The functional state of KIF15 in different cancer types was explored using CancerSEA database (http://biocc.hrbmu.edu.cn/CancerSEA/). CancerSEA is the first comprehensive database that offers a cancer single-cell functional state atlas; it contains 14 functional states of 41,900 cancer single cells across 25 cancer types. Association between KIF15 and functional state in various single-cell datasets was determined by a correlation strength >0.3 and a false discovery rate (FDR) (Benjamini & Hochberg) <0.05.



Correlation Between KIF15 Expression and Tumor Immunity

The Tumor Immune Estimation Resource (TIMER) web server is an interactive database that helps comprehensively analyze immune cell infiltration (B cells, CD4+ T cells, CD8+ T cells, neutrophils, macrophages, and dendritic cells) in difference cancer types (https://cistrome.shinyapps.io/timer/). We applied ‘‘Gene’’ module of TIMER to evaluate the correlation between KIF15 expression and the six immune cell subtypes from the expression file.

TMB is defined as the total count of somatic insertions, base substitutions, and deletions in each coding area of the tumor genome. The Perl language and R software (version 4.1.1) were used to calculate the total TMB score of each TCGA cancer case and analyze its relationship with KIF15 expression level in pan-cancer (15). MSI is defined as the number of insertion or deletion events in short tandem repeat DNA tracts. Analysis of the correlation between KIF15 expression and MSI was performed by R software (16). Relationship between KIF15 expression and immune signatures was investigated. These immune signatures contained BTLA, CD200, TNFRSF14, NRP1, LAIR1, TNFSF4, CD244, LAG3, ICOS, CD40LG, CTLA4, CD48, CD28, CD200R1, HAVCR2, ADORA2A, CD276, KIR3DL1, CD80, PDCD1, LGALS9, CD160, TNFSF14, IDO2, ICOSLG, TMIGD2, VTCN1, IDO1, PDCD1LG2, HHLA2, TNFSF18, BTNL2, CD70, TNFSF9, TNFRSF8, CD27, TNFRSF25, VSIR, TNFRSF4, CD40, TNFRSF18, TNFSF15, TIGIT, CD274, CD86, CD44 and TNFRSF9, according to previous reports (15–17).The limma package and RColorBrewer package of R software were used to evaluate the correlation between KIF15 expression and the selected immunologic genes in pan-cancer.



Genetic Alteration Analysis of KIF15

cBioPortal for Cancer Genomics database (http://cbioportal.org) were utilized to analysis the KIF15 alteration frequency, copy number alteration and mutation type in various cancer types from TCGA.



GEO Database Analysis of NPC

Three gene expression profiling datasets GSE12452, GSE53819, and GSE61218 were obtained from the GEO database. The GSE12452 microarray contained 31 NPC samples and 10 normal samples, the GSE53819 microarray included 18 NPC samples and 18 non-cancerous samples, the GSE61218 microarray included 10 NPC tissue samples and six normal samples. The expression level of KIF15 was evaluated by wilcoxon, and P-values <0.05 were set as statistically significant.



Immunohistochemistry and Evaluation

From April 2011 to December 2015, 158 formalin-fixed, paraffin-embedded NPC and 33 normal nasopharyngeal epithelium (NNE) tissues were collected in The First Affiliated Hospital of Guangxi Medical University. The patient tumors were newly diagnosed, non-metastatic, measurable, and pathologically confirmed to be NPC. The study was approved by the ethics committee of The First Affiliated Hospital of Guangxi Medical University.

First, the paraffin-embedded tissue sections were dewavered and rehydrated, then the antigen retrieval was carried out, and the endogenous peroxidase activity was blocked by 3% hydrogen peroxide for 25 min at 25°C. After being incubated with KIF15 primary antibody (Abcam, 1:200) at 4°C overnight, the sections were incubated by the secondary antibody for 90 min at room temperature. The immunoreactive score was calculated by multiplying the proportion of positive cells and the staining intensity. The cell positivity scores were determined as follows: <5% for zero; 5%–25% for one; 26%–50% for two; 51%–75% for three; and 76%–100% for four. The staining intensity scores were determined according to the following: 0 for no staining; 1 for light yellow; 2 for yellow; and 3 for brown. The final immunoreactive score were determined according to the following: 0 for negative, 1-3 for weak staining, 4-7 for moderate staining and, 8-12 for intense staining. All the NPC patients were divided into KIF15 high expression group and low expression group base on median immunoreactive score.



Gene Set Enrichment Analysis (GSEA) of KIF15

GSEA was conducted using GSEA (version 4.0.1) with the Molecular Signatures Database (MSigDB). Samples were separated into high or low KIF15 expression groups based on the median KIF15 expression. The gene set ‘‘c2.cp.kegg.v7.1.symbols.gmt’’ of MSigDB gene set was chose as a reference gene set. A pathway with adj P-value<0.05, false discovery rate (FDR)<0.25 and normalized enrichment score (NES) >1.5 was considered as significantly enriched.



Cell Lines and Transfection

The normal human nasopharyngeal epithelial cell line (NP69) and NPC cell line (CNE1, CNE2, HONE1, C666-1) were obtained from Guangxi Medical University Nasopharyngeal Cancer Research Laboratory. The NP69 cells were cultured in keratinocyte-SFM medium (Invitrogen, Carlsbad, USA) containing bovine pituitary extract (BD Biosciences, San Diego, CA, USA). Human NPC cells were cultured in RPMI-1640 medium supplemented with 10% fetal bovine serum (Gibco), 1% streptomycin/penicillin was added to the medium. All the cells were incubated in a humidified atmosphere with 5% CO2 at 37°C. NPC cell was transfected with siRNAs targeting KIF15 or control siRNA (RuiSai, Shanghai, China) using Lipofectamine 3000 (Invitrogen, Carlsbad, USA). The target sequences were GCGGTTATAATGGTACCAT (siKIF15-1), and GCTGGAAAGAGTTTCCTTT (siKIF15-2).



Quantitative Real Time Polymerase Chain Reaction (qRT-PCR)

Total RNA from NPC cell was extracted using TRIzol reagent (Life Technologies Corporation, Carlsbad, USA), cDNA was generated using the PrimeScript RT reagent kit according to the manufacturer’s protocol (Takara Bio, Kusatsu, Japan). Then, the TB Green Premix Ex Taq II kit (Takara Bio) was applied for qRT-PCR. The relative RNA expression was determined by 2 -△△ct method, with GAPDH being the internal control. The primers sequences were as follows: KIF15: Forward: 5’-TGGAGGATGGAGGAATAG-3’; Reverse: 3’-CCACCAGGTTGAGTAGGG-5’. GAPDH: Forward: 5’-GGATTGTCTGGCAGTAGCC-3’; Reverse: 3’-ATTGTGAAAGGCAGGGAG-5’.



Cell Viability and Colony Formation Assays

Cells were planted into 96 well plates (1500 cells/well) after 24 hours of transfection. CCK-8 reaction reagent (Dojindo, Japan) was used to measure cell viability at 0h, 24h, 48h, 72h. 10 µl of CCK-8 solution was added into each well and incubated for 2 h. The OD value was measured with the microplate reader at 450 nm. In order to explore proliferation, colony formation assay was performed. After incubation in 6-well plates at 1500/well, the formation of cell colonies was detected after 14 days. In brief, cells were subjected to methanol fixation and stained by crystal violet solution. clones contained at least 50 cells were counted for analysis.



Scratch Assay

5 × 105 cells/well were seeded into 6-well plates. Subsequently, 10µl pipette tip was used to create a wound on the confluent cell monolayer. Then, we used inverted microscope to take photos of wound closure at 0 and 24 h and the wound healing distance was analyzed.



Transwell Assay

After resuspending by serum-free medium, 5 × 104 cells containing RPMI 1640 medium without FBS were plated in the upper chamber, and 500 ul of 10% FBS RPMI 1640 medium was added to the lower chamber. The number of cells that had migrated after 24 h was measured under three random fields.



Statistical Analysis

Differences in clinical characteristics (Gender, Age, Histological type, T stage, N stage and TNM stage) between the groups were evaluated using the chi square test, while 5 year-OS between the groups were evaluated using KM analysis with the log-rank test. OS, RFS, and DMFS were defined as the period from the day of first treatment to day of death, relapse and distant metastasis due to any reason. Statistical analysis and visualization were conducted with SPSS (version 24.0; IBM, New York, USA), GraphPad Prism (version 8.0), and R software. Results with P<0.05 was regarded as statistically significant. We conducted univariate and multivariate cox regression analyses for the selection of features. The selection of candidate features depended on comprehensive consideration of their clinical value and statistical significance. The nomogram model was generated with 5-year OS endpoint by the rms package of R software. Concordance index (C-index), receiver operating characteristic (ROC) curve, and the calibration curve were used to evaluate the predictive accuracy for the nomogram. After calculating the total scores by nomogram, patients were divided into low- or high-risk subgroups by using the X-tile software (version 3.6.1; Yale University, New Haven, CT, USA) (18).




Results


KIF15 mRNA Expression and Clinical Association in Pan-Cancer

The abbreviations of the 33 TCGA cancer types are shown in Table 1. In TCGA database, KIF15 was upregulated in 20 cancer types, including BLCA, BRCA, CESC, CHOL, COAD, ESCA, GBM, HNSC, KICH, KIRC, LIHC, LUAD, LUSC, PCPG, PRAD, READ, SARC, STAD, THCA and UCEC (Figure 1A). Likewise, in the Oncomine database, the expression level of KIF15 was significantly increased in bladder, brain and CNS, breast, cervical, colorectal, esophageal, gastric, head and neck, lung, and ovarian cancers, as well as lymphoma and sarcoma; while significantly decreased in leukemia. (Figure 1B). Detailed data of KIF15 expression levels in Oncomine database are shown in Supplementary Table 1. In the Kaplan-Meier plotter database, KIF15 was differentially highly expressed in 18 cancer types, including adrenal, bladder, breast, colorectal, esophageal, liver, lung, ovarian, pancreatic, prostate, rectal, renal, skin cancer, stomach, thyroid, and uterine cancers and acute myeloid leukemia, while less expressed in testicular cancer (Figure 1C). In short, KIF15 could serve as an oncogene in pan-cancer. In addition, the expression level of KIF15 significantly related to patients’ cancer stage in ACC, BRCA, COAD, ESCA, KICH, KIRC, KIRP, LIHC, LUSC, SKCM, TGCT, and THCA based on TCGA database (Figure 2).


Table 1 | Abbreviations of the 33 cancer types in the The Cancer Genome Atlas database.






Figure 1 | The expression level of KIF15 in pan-cancer. (A) Differential expression of KIF15 between tumor and normal tissues of KIF15 in TCGA. (B) Differential expression of KIF15 between tumor and normal tissues of KIF15 in Oncomine. (C) Differential expression of KIF15 between tumor and normal tissues of KIF15 in Kaplan–Meier plotter. *P < 0.05; **P < 0.01 and ***P < 0.001.






Figure 2 | Correlation of KIF15 mRNA expression and different pathological stages of certain cancers in TCGA.





Correlation Analysis Between the Expression of KIF15 and Prognostic Value

Univariate cox regression analyses are shown as forest charts in Figure 3. High KIF15 expression positively correlated with poorer OS in ACC, KICH, KIRC, KIRP, LGG, LIHC, MESO, PAAD, PCPG, PRAD, READ, while it correlated with better OS in READ and THYM (Figure 3A). For DFI, high KIF15 expression remarkably correlated with worse survival in KIRP, LIHC, LUAD, PAAD, PRAD, SARC, and THCA (Figure 3B). For DSS, it was found that high KIF15 expression significantly correlated with worse prognosis in ACC, KICH, KIRC, KIRP, LGG, LIHC, LUAD, MESO, PAAD, PRAD, SARC, and UCEC, while it correlated with better prognosis in COAD (Figure 3C). For PFI, high KIF15 expression positively correlated with worse survival in ACC, KICH, KIRC, KIRP, LGG, LIHC, LUAD, MESO, PAAD, PCPG, PRAD, SARC but correlated with better survival in COAD and GBM (Figure 3D).




Figure 3 | The prognosis value of KIF15 of differ cancers using Univariate Cox proportional hazards models. (A) Overall survival (OS). (B) Disease-free survival (DFI). (C) Disease-specific survival (DSS). (D) Progression-free interval (PFI).



A K-M survival curve was used to demonstrate the effect of KIF15 on prognosis, as shown in Figure 4. For OS, increased KIF15 expression showed worse prognosis in ACC, KICH, KIRC, KIRP, LGG, LIHC, MESO, PAAD, and SARC but better prognosis in COAD, STAD, and THYM (Figure 4A). For DFI, increased KIF15 expression showed worse prognosis in KIRP, LIHC, LUAD, PAAD, SARC, and THCA (Figure 4B). For DSS, increased KIF15 expression showed worse prognosis in ACC, KICH, KIRC, KIRP, LGG, LIHC, LUAD, MESO, PAAD, PRAD and SARC, but better prognosis in COAD (Figure 4C). For PFI, increased KIF15 expression showed worse prognosis in ACC, KIRC, KIRP, LGG, LIHC, LUAD, MESO, PAAD, PRAD, SARC, and UVM but better prognosis in COAD and GBM (Figure 4D). Together, higher expression levels of KIF15 represented an unfavorable prognostic indicator in pan-cancer. Additionally, based on the GEPIA platform, higher mRNA expression levels of KIF15 also indicated a worse prognostic outcome in pan-cancer (Figures 4E, F).




Figure 4 | The prognostic value of KIF15 in different cancers using Kaplan–Meier method. (A) Overall survival (OS). (B) Disease-free survival (DFI). (C) Disease-specific survival (DSS). (D) Progression-free interval (PFI). (E) OS curve of KIF15 in all cancer based on GEPIA. (F) Disease-free survival (DFS) curve of KIF15 in all cancer based on GEPIA.



A meta-analysis was performed to further clarify the prognostic value of KIF15 in cancers. The flowchart of literature retrieval process is shown in Supplementary Figure 1. The basic characteristics of all included studies (12, 14, 19–29) or datasets are shown in Supplementary Table 2 and Supplementary Table 3. Results of the forest plots demonstrated that high KIF15 expression significantly correlated to a worse OS (HR 1.25, 95% CI 1.14–1.37, P<0.0001); RFS (HR 1.31, 95% CI 1.13–1.53, P = 0.0003); and DMFS (HR 1.51, 95% CI 1.32–1.73, P<0.00001) (Supplementary Figure 2). Significant heterogeneity in meta-analysis was observed (OS, P<0.00001, I2 = 60%; RFS, P = 0.01, I2 = 53%), and thus a REM was adopted. For the sensitivity analysis of OS, after exclusion of Liu et al., Song et al., and Duke OC, the heterogeneity was reduced (P=0.0003, I2 = 48%), while no significant change occurred with the HR of 1.30 (95% CI 1.19–1.43, P<0.00001). For the sensitivity analysis of RFS, after exclusion of GSE31210, the heterogeneity decreased (P=0.23, I2 = 22%), while the HR slightly decreased to 1.23 (95% CI 1.09–1.38, P=0.0006) (Supplementary Figure 3). Thus, the summarized results in the meta-analysis were relatively reliable and stable. In summary, these integrated analyses suggest that high expression of KIF15 may serve as a poor prognostic biomarker in most cancers.



Molecular Mechanism of KIF15 in Pan-Cancer

The interaction between KIF15 and its related genes are displayed in Figure 5A. KEGG and GO enrichment analysis were carried out to explore the potential functions of KIF15 in cancer. The results indicated that KIF15 and its related genes were significantly associated with cell division, mitotic nuclear division, and sister chromatid cohesion; they may also have association with the p53 signaling pathway, the cell cycle, and DNA replication (Figures 5B, C). In the analysis of CancerSEA database, the functional state of KIF15 was explored at the single-cell level in 14 types of cancer. KIF15 was found to be positively associated with cell cycle, DNA damage, DNA repair, and proliferation in multiple cancer types (Supplementary Figure 4).




Figure 5 | Functional analysis of KIF15 and relevant genes. (A) Protein–protein interaction (PPI) network display the top 100 relevant genes of KIF15. (B) Gene Oncology (GO) analysis of KIF15 and relevant genes. (C) Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis of KIF15 and relevant genes.





Genetic Alteration of KIF15 in Pancancer

As is shown in Figure 6. Mutation status of KIF15 was evaluated, the highest alteration rate of KIF15 (8.13%) appears in patients with uterine corpus endometrial carcinoma with ‘‘mutation’’ as the primary type. The ‘‘deep deletion’’ type (4.17%) of copy number alteration was the primary type in the diffuse large B-Cell lymphoma cases.




Figure 6 | The alteration frequency with mutation type of KIF15 in different cancer types from TCGA database.





Relationship Between KIF15 and Immune-Related Factors

Studies have proven that immune cell infiltration is significantly correlated with survival in cancers. Tumor purity is a vital factor that affects the evaluation of immune infiltration. Therefore, the relationship between KIF15 expression and immune cell infiltration in pan-cancer was explored. Notably, the results indicated that HNSC, KIRC, LGG, LIHC, PRAD, and THYM were six cancer types most strongly associated with KIF15 expression in immune cell infiltrating level, including B cells, CD8+ T cells, CD4+ T cells, macrophages, neutrophils, and dendritic cells (Supplementary Figure 5). TMB and MSI were also analyzed. For TMB, it was found that KIF15 gene expression was positively related to ACC, BLCA, BRCA, COAD, HNSC, KICH, LGG, LUAD, LUSC, MESO, PAAD, PRAD, READ, SARC, SKCM, STAD, and UCEC but negatively related to THYM. For MSI, we found that KIF15 gene expression was positively related to BLCA, ESCA, LUSC, MESO, READ, SARC, STAD, and UCEC but was negatively related to DLBC. Moreover, correlation between KIF15 and immune gene set was analyzed, and the expression of several important immune-related genes was significantly related to KIF15 expression level in pan-cancer, such as CTLA4, IDO1, and LAG3 (Figure 7). In summary, our findings showed that high expression of KIF15 played an important role in immune-related factors.




Figure 7 | Association of KIF15 mRNA expression with tumor mutational burden (TMB), microsatellite instability (MSI) and immune genes. (A) A radar map shows the relationship of KIF15 and TMB. (B) A radar map shows the relationship of KIF15 and MSI. (C) Heatmap shows the relationship of KIF15 and immune genes. *P < 0.05; **P < 0.01 and ***P < 0.001.





KIF15 Expression in NPC Tissue

Regarding the key functional role of KIF15 in cancers, we detected the expression level of KIF15 in NPC tissue through the GEO datasets and IHC. Based on the analyses of three microarrays (GSE12452, GSE53819, and GSE61218), KIF15 expression was found to be upregulated in NPC tissues compared to the normal controls (P<0.05) (Figures 8A–C). A diagnostic ROC curve was performed between the two groups, and KIF15 exhibited high diagnostic value in the three microarrays (area under the curve, AUC= 0.9584, 0.7191, and 0.9833, respectively) (Figures 8D–F). For IHC, Compared with the NNE tissue, KIF15 expression was significantly upregulated in NPC tissues (Figure 9A). As shown in Table 2, high KIF15 expression level positively correlated with T stage (P=0.015), N stage (P=0.003), and clinical stage (P=0.006). the median follow-up period was 76 months (range, 4-80 months). After 5-year follow-up, 62 (78.5%) patients in low KIF expression group were alive, 46 (58.2%) patients in low KIF expression group were alive. The result indicated that increased KIF15 expression correlated with worse OS for NPC (P=0.0044). (Figure 9B). To identify the independent prognostic factor in NPC, univariate analysis was used to assess the prognostic value of clinical features and KIF expression level. These results indicated that age (P=0.078), T stage (P=0.023), N stage (P=0.007), and KIF15 expression level (P=0.006) were significantly correlated with the OS (Table 3). According to the multivariate cox analysis, age, T stage, N stage, and KIF15 expression level were incorporated to build a nomogram model (Figure 10A). The C-index of the model was 0.695 (95% CI 0.62–0.765) and was verified by 1000-replication bootstrapping analysis. The calibration curves for predicting 3- and 5-year OS also indicated a satisfactory predictive accuracy (Figures 10B, C). ROC curve analysis revealed that the model had an effective predictive ability, with an AUC value of 0.730 (Figure 10D). Subsequently, based on the total score of each case, all the patients were divided into either a low-risk (score<136) or high-risk group by X-tile software. KM survival curves showed that the OS in the high-risk group was significantly reduced below that of the low-risk group (Figure 10E).




Figure 8 | The expression of KIF15 in nasopharyngeal carcinoma (NPC) and normal tissues were investigated by GEO database. (A–C) KIF15 was significantly upregulated in NPC tissue in three datasets. (D–F) The diagnostic operating characteristic (ROC) curves of KIF15 in NPC and normal tissues in three datasets.






Figure 9 | Preliminary experimental verification of KIF15 in patients with nasopharyngeal carcinoma (NPC). (A) Immunohistochemical analysis of KIF15 protein expression between nasopharyngeal carcinoma (NPC) and normal tissues (200×). (B) Kaplan–Meier survival curves for KIF15 in NPC.




Table 2 | Correlation between the expression level of KIF15 and clinicopathological characteristics of patients with nasopharyngeal carcinoma.




Table 3 | Evaluation of the prognostic factors of nasopharyngeal carcinoma based on univariate and multivariate COX regression.






Figure 10 | Nomogram for predicting the prognosis of NPC patient. (A) Nomogram. (B, C) 3-year and 5-year calibration curves. (D) Operating characteristic (ROC) curves for the mode. (E) Survival curve of high-risk and low-risk groups.





KIF15 Related Pathways

As is shown in Figure 11, GSEA analysis of GSE12450 indicated that high expression of KIF15 significantly related to DNA repair (NES = 2.424, p.adj = 0.013, FDR = 0.008), DNA replication (NES = 2.737, p.adj = 0.013, FDR = 0.008) and PLK1 pathway (NES = 2.301, p.adj = 0.013, FDR = 0.008).




Figure 11 | Enrichment plots of GSEA from GSE12452 dataset. (A–C) KIF15 related signaling pathways in c2.cp.kegg.v7.1.symbols.gmt.





Primary Validation of the Effect of KIF15 in NPC Cells

Using RT-PCR, we found that the mRNA expression level of KIF15 was increased in NPC cell lines, especially in CNE1, compared to the NP69 (p < 0.001) (Figure 12A). Therefore, CNE1 cell line was selected for further study. Besides, We verified that KIF15 expression level was significantly repressed upon si-KIF15 transfection (Figure 12B). CCK8 and colony formation assays indicated that downregulation of KIF15 remarkably reduced the proliferation of CNE1 (Figures 12C, D). Wound healing was remarkedly suppressed by KIF15 silencing in CNE1 (Figure 12E). The Transwell assay indicated that the migration of CNE1 cells were significantly suppressed by KIF15 silencing (Figure 12F).




Figure 12 | Effect of KIF15 in NPC cell proliferation and migration. (A) qRT-PCR analysis of KIF15 expression level in normal and NPC cell lines. (B) qRT-PCR analysis confirmed the knockdown efficacy of KIF15 in NPC cell line CNE1. (C, D) CCK-8 and colony formation assay were applied to examine the proliferation ability of KIF15 knockdown cells. (E, F) Wound-healing and transwell assay employed to detect the migration ability of KIF15 knockdown cells. **P < 0.01 and ***P < 0.001.






Discussion

NPC, one of the major types of head and neck cancer, is a malignant tumor arising from the nasopharyngeal mucosal lining (30). Because of its challenging anatomical location, radiochemotherapy is regarded as the mainstay of treatment (31). However, an anatomy-based staging system is not enough to predict prognosis and treatment efficiency of NPC. Thus, it is necessary to investigate the incorporation of clinical features and novel biomarkers for the improvement of the efficacy of prediction.

Kinesins are a type of conserved protein that modulate the movement of certain important functional molecules, including chromosomes, protein complexes, mRNAs, and organelles in cells during mitosis (32). Thus, they are critical for protein sorting and appropriate positioning of different biological molecules. Reportedly, the kinesin family features are prominent in facilitating a variety of biological processes such as cell morphology, cytoskeletal dynamics, cell division, and cell migration (8). These findings have demonstrated a very promising role of the kinesin family in cancer. For instance, KIF23 is highly expressed in gastric cancer and is correlated with a worse prognosis of patients (33). KIF21B has been identified as an oncogene in the development and migration of NSCLC (34). Additionally, KIF20B could promote cancer growth by promoting cell proliferation in tongue cancer (35). However, the effect of most kinesin families in tumorigenesis are not completely understood.

KIF15 is a member of the kinesin family that directs kinesin-like motor enzymes involved in mitotic spindle assembly (36). The aberrant expression of KIF15 could lead to abnormal cell replication, differentiation, and thus cause tumorigenesis. The expression pattern and functional roles of KIF15 in tumor pathogenesis, especially in NPC, have not been comprehensively investigated. The results of our pan-cancer analysis revealed that KIF15 expression was significantly upregulated in most type of cancers, suggesting that KIF15 might act as an oncogene in pan-cancers. Based on KM and univariate analyses, it was found that high expression of KIF15 indicated poor survival in several cancers, including OS, DFI, DSS, and PFI. Our results from the clinical correlation test showed that KIF15 expression level was increased in advanced pathological stages in ACC, KICH, KIRC, KIRP, LIHC, LUAD, and TGCT. Moreover, the results of IHC revealed that KIF15 had a higher expression level in NPC tissues, and it was significantly correlated with the poor prognosis of patients with NPC. Previous studies have indicated that KIF15 plays a vital role in the disease progression of most cancers. Gao et al. have found that the upregulation of KIF15 in breast cancer tissues was positively related to TNM stage, tumor size, and lymph node metastasis; while downregulation of KIF15 inhibited cell proliferation and tumor proliferation in vitro and in vivo (37). Research by Li et al. has shown that over-expression of KIF15 promoted the cancer stem cell (CSC) phenotype and malignancy through phosphoglycerate dehydrogenase (PHGDH)-regulated intracellular reactive oxygen species disorders in HCC (38). Wang et al. have also shown that KIF15 promoted pancreatic cancer growth by enhancing G1/S phase transition by affecting the MEK–ERK signalling pathway (25). These findings are consistent with that of ours, which indicated that KIF15 is a promising diagnostic and prognostic biomarker in pan-cancer, as well as NPC.

Functional enrichment analysis showed that KIF15 may be involved in the p53 signaling pathway, the cell cycle, DNA replication and FOXO pathway. The well-known cancer suppressor gene, p53, closely controls various cellular signals involved in the cell-cycle, apoptosis, and senescence (39). A study based on machine learning showed that KIF20A and KIF23 were regulated by p53 and correlated with malignant transformation and tumor stage (40). Further, KIF15 knockdown strongly enhanced the expression of p53 and p21 protein in breast cancer cells (37). KIF15 is involved in Burkitt lymphoma cell activity via mediating the expression of p53 (41). Loss or mutation of p53 in tumor might have an impact on the recruitment and activity of myeloid and T cells, which contribute to immune evasion and tumor development, in addition, p53 can also affect the immune cells, causing different outcomes that can impede or promoting cancer progression (42, 43). The cell cycle is one of the most important topics studied in cancer biology. Over-expression of KIF15 increases the cyclin-D1, CDK2, p-RB expression, and accelerated G1/S transition in pancreatic cancer cells (25). KIF15 suppression has been shown to cause cell cycle arrest at the G0/G1 phase in breast cancer cells, indicating that knockdown of KIF15 inhibited the malignant behavior of breast cancer cells (27). Abnormal DNA replication is a hallmark of the cancer process, and previous studies have indicated that KIF15 and other kinesin genes were significantly enriched in DNA replication in bladder and endometrial cancers (29, 44). Accumulating evidence revealed that the FOXO family of transcription factors plays an important role in regulating the progression and function of tumor microenvironment (TME). FOXOs promote antitumor activity by negatively inducing the expression of immunosuppressive proteins, including PD-L1 and VEGF in stromal cells or tumor cell, and thus promote immunotolerant state in the TME (45).

TMB is an emerging characteristic of cancer and is tightly associated with MSI (46). Both TMB and MSI are considered to be biomarkers for the favorable immune checkpoint blockade treatment response in cancer (47, 48). For TMB, we found that KIF15 gene expression was positively associated with ACC, BLCA, BRCA, COAD, HNSC, KICH, LGG, LUAD, LUSC, MESO, PAAD, PRAD, READ, SARC, SKCM, STAD, and UCEC but was negatively associated with THYM. We suspect that a high neoantigens load led to the dysregulation of KIF15, and thus affected the development of cancer. For MSI, we found that KIF15 gene expression was positively associated with BLCA, ESCA, LUSC, MESO, READ, SARC, STAD, UCEC but was negatively associated with DLBC, suggesting that MSI may change the expression of KIF15 (15). Several kinesin superfamily have been found to link with tumor immune cells infiltration. For example, Ren et al. found that KIF20A expression was strong positive association with Th2 cells, Treg cells and Macrophages, while a negative association with Th17 cells, Mast cells and NK cells (49). Kim et al. indicated that KIF18A act as a key dendritic cells differentiation and activation regulator (50). Qiu et al. shown that KIF18B expression was associated closely with tumor immunity and interacted with various immune cells and genes markers (15). However, researches investigating the possible role of KIF15 in the regulation of tumor immunity are seldom. A study constructed a decision tree using mutations in PIK3CA, MEF2C, SLC11A1, and KIF15 to divided patient sub-cohorts with elevated PD-L1 expression, which contribute to identify the novel prognostic biomarkers of Gastric Cancer (51). Result of our study indicates new antigen generation was related to KIF15, further experiments are needed to investigate the regulator role of KIF15 in TME.

Tumor cells as well as the tumor microenvironment (TME) could secrete or express different signaling molecules, which act on immune checkpoints expressed in immune cells to inhibit immune responses (52). Several kinesin family genes have been linked to immune infiltration. For example, KIF18B expression significantly correlated negatively with the purity of stromal cells and immune cells in seven types of cancer (15). Likewise, KIF1A expression negatively correlated with infiltration levels of 16 types of immune cells in ovarian carcinoma (53). KIF20A had a strong positive association with Th2 cells, Treg cells, and macrophages but a negative association with Th17 cells, mast cells, and NK cells in renal clear cell carcinoma (49). However, the effects of KIF15 in cancer immunity and cancer microenvironment have been seldomly reported, and further investigation is urgently needed to clarify its role in cancer. In our study, expression of KIF15 significantly related to B cell, CD8+ T cell, CD4+ T cell, macrophage, neutrophil, and dendritic cell infiltration in HNSC, KIRC, LGG, LIHC, PRAD, and THYM. Macrophages have high plasticity in response to different external signals and directly influence various steps in tumor development, such as tumor cell proliferation, stemness, and immunosuppression (54). Neutrophils participate in almost every step of oncogenesis, and in recent years, the neutrophil-to-lymphocyte ratio has been regarded as a prognostic indicator of worse OS in cancer (55). Dendritic cells are a critical factor in antitumor immunity due to their potent antigen-presenting ability, therefore, dendritic cells are a critical target in any effort to generate immunotherapy against cancer (56). In short, our results suggest a likely regulatory role of KIF15 in tumor immunology.

Moreover, we selected several common immune genes and examined their correlation with KIF15 expression levels in various cancer types. Among these genes, CTLA4 has presently garnered much attention. CTL-associated antigen 4 (CTLA4) is the first immune checkpoint receptor to be clinically targeted. It regulates T-cell activation by competing with the co-stimulatory molecule CD28, CTLA4 and CD28 shared ligands, CD80 (also known as B7.1), and CD86 (also known as B7.2) (57). Once antigen recognition has started, CD28 signalling intensely amplifies TCR signalling to activate T cells (58). In this study, KIF15 significantly related to CTLA4 expression in 17 out of 33 cancer types. Indoleamine 2, 3-dioxygenase 1 (IDO1) is a novel immune checkpoint target, which is a type of a rate-limiting metabolic enzyme that transforms tryptophan (Trp) into downstream kynurenines (Kyn). Some studies have demonstrated that IDO1 was associated with potently regulating immunosuppressive effects in cancer (59). According to our findings, KIF15 was highly related to IDO1 expression in 11 out of 33 cancer types. Inhibitory receptors (IRs) have a potential role in regulating the immune response and are regulators of T cell dysfunction in autoimmune diseases. Lymphocyte Activation Gene 3 (LAG3), also known as CD223, is currently one of the most promising new IR targets in the clinic. It is expressed by both activated and exhausted CD4+ and CD8+ T cells as well as by regulatory T cells (60). In the present study, it was found that KIF15 was closely related to the expression of LAG3 in 16 out of 33 cancer types. Thus, KIF15 might serve as novel cancer therapeutic targets.

To the best of our knowledge, this is the first study that focused on the value of KIF15 from a pan-cancer perspective. We successfully explored the role of KIF15 in NPC; however, further functional experiments are still needed to clarify its effect on tumor biological process in vivo and in vitro. Despite the limitation of our study, we conclude that KIF15 could be a promising prognostic biomarker in pan-cancer as well as in NPC.



Conclusion

In the present study, a pan-cancer investigation was performed revealing that KIF15 played a vital role in prognosis, molecular function, signaling pathways, and tumor immunity in differ cancer types based on public databases. Furthermore, we demonstrated that KIF15 was highly expressed in NPC tissue and could be considered as a novel diagnostic and prognostic biomarker of NPC.



Data Availability Statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding authors.



Ethics Statement

Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author Contributions

LJ and RW conceived and designed the study. JM, SM, and WC organize and carried out the research. MK, MX, CL, BL, and FW helped to analyze the data of the study. FL and YZ performed the experiments. JM wrote the paper. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the Guangxi Medical and Health Appropriate Technology Development and Promotion Application Project (No. S2017020), the Key Research and Development Program of Guangxi (No. Guike AB18281003), the “139” Program for high-level medical talents in Guangxi, Innovation Team of The First Affiliated Hospital of Guangxi Medical University, Guangxi Science and Technology Program Project (GK AD17129013), and the National Natural Science Foundation of China (No. 82060019, 82060494).



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2022.772816/full#supplementary-material



References

1. Soerjomataram, I, and Bray, F. Planning for Tomorrow: Global Cancer Incidence and the Role of Prevention 2020-2070. Nat Rev Clin Oncol (2021) 28(15):2529–37. doi: 10.1038/s41571-021-00514-z

2. Bray, F, Jemal, A, Grey, N, Ferlay, J, and Forman, D. Global Cancer Transitions According to the Human Development Index (2008-2030): A Population-Based Study. Lancet Oncol (2012) 13(8):790–801. doi: 10.1016/s1470-2045(12)70211-5

3. Ferlay, J, Colombet, M, Soerjomataram, I, Dyba, T, Randi, G, Bettio, M, et al. Cancer Incidence and Mortality Patterns in Europe: Estimates for 40 Countries and 25 Major Cancers in 2018. Eur J Cancer (2018) 103:356–87. doi: 10.1016/j.ejca.2018.07.005

4. Wong, KCW, Hui, EP, and Lo, KW. Nasopharyngeal Carcinoma: An Evolving Paradigm. Nat Rev Clin Oncol (2021) 18(11):679–95. doi: 10.1038/s41571-021-00524-x

5. Sung, H, Ferlay, J, and Siegel, RL. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin (2021) 71(3):209–49. doi: 10.3322/caac.21660

6. Chen, YP, Chan, ATC, Le, QT, Blanchard, P, Sun, Y, and Ma, J. Nasopharyngeal Carcinoma. Lancet (2019) 394(10192):64–80. doi: 10.1016/s0140-6736(19)30956-0

7. Liu, L, Wang, H, and Yan, C. An Integrated Analysis of mRNAs and miRNAs Microarray Profiles to Screen miRNA Signatures Involved in Nasopharyngeal Carcinoma. Technol Cancer Res Treat (2020) 19:1533033820956998. doi: 10.1177/1533033820956998

8. Hirokawa, N, Noda, Y, Tanaka, Y, and Niwa, S. Kinesin Superfamily Motor Proteins and Intracellular Transport. Nat Rev Mol Cell Biol (2009) 10(10):682–96. doi: 10.1038/nrm2774

9. Miki, H, Setou, M, Kaneshiro, K, and Hirokawa, N. All Kinesin Superfamily Protein, KIF, Genes in Mouse and Human. Proc Natl Acad Sci USA (2001) 98(13):7004–11. doi: 10.1073/pnas.111145398

10. Eskova, A, Knapp, B, Matelska, D, Reusing, S, Arjonen, A, Lisauskas, T, et al. An RNAi Screen Identifies KIF15 as a Novel Regulator of the Endocytic Trafficking of Integrin. J Cell Sci (2014) 127(Pt 11):2433–47. doi: 10.1242/jcs.137281

11. Yu, X, He, X, Heindl, LM, Song, X, Fan, J, and Jia, R. KIF15 Plays a Role in Promoting the Tumorigenicity of Melanoma. Exp Eye Res (2019) 185:107598. doi: 10.1016/j.exer.2019.02.014

12. Ding, L, Li, B, Yu, X, Li, Z, Li, X, Dang, S, et al. KIF15 Facilitates Gastric Cancer via Enhancing Proliferation, Inhibiting Apoptosis, and Predict Poor Prognosis. Cancer Cell Int (2020) 20:125. doi: 10.1186/s12935-020-01199-7

13. Sun, YF, Wu, HL, Shi, RF, Chen, L, and Meng, C. KIF15 Promotes Proliferation and Growth of Hepatocellular Carcinoma. Anal Cell Pathol (Amst) (2020) 2020:6403012. doi: 10.1155/2020/6403012

14. Qiao, Y, Chen, J, Ma, C, Liu, Y, Li, P, Wang, Y, et al. Increased KIF15 Expression Predicts a Poor Prognosis in Patients With Lung Adenocarcinoma. Cell Physiol Biochem (2018) 51(1):1–10. doi: 10.1159/000495155

15. w_ss_sfst_s.ddsQiu, MJ, Wang, QS, Li, QT, Zhu, LS, Li, YN, Yang, SL, et al. KIF18B is a Prognostic Biomarker and Correlates With Immune Infiltrates in Pan-Cancer. Front Mol Biosci (2021) 8:559800. doi: 10.3389/fmolb.2021.559800

16. Wang, B, Zhong, JL, Li, HZ, Wu, B, Sun, DF, Jiang, N, et al. Diagnostic and Therapeutic Values of PMEPA1 and its Correlation With Tumor Immunity in Pan-Cancer. Life Sci (2021) 277:119452. doi: 10.1016/j.lfs.2021.119452

17. Xu, WX, Zhang, J, Hua, YT, Yang, SJ, Wang, DD, and Tang, JH. An Integrative Pan-Cancer Analysis Revealing LCN2 as an Oncogenic Immune Protein in Tumor Microenvironment. Front Oncol (2020) 10:605097. doi: 10.3389/fonc.2020.605097

18. Camp, RL, Dolled-Filhart, M, and Rimm, DL. X-Tile: A New Bio-Informatics Tool for Biomarker Assessment and Outcome-Based Cut-Point Optimization. Clin Cancer Res (2004) 10(21):7252–9. doi: 10.1158/1078-0432.ccr-04-0713

19. Chen, J, Li, S, Zhou, S, Cao, S, Lou, Y, Shen, H, et al. Kinesin Superfamily Protein Expression and its Association With Progression and Prognosis in Hepatocellular Carcinoma. J Cancer Res Ther (2017) 13(4):651–9. doi: 10.4103/jcrt.JCRT_491_17

20. Kitagawa, A, Masuda, T, Takahashi, J, Tobo, T, Noda, M, Kuroda, Y, et al. KIF15 Expression in Tumor-Associated Monocytes Is a Prognostic Biomarker in Hepatocellular Carcinoma. Cancer Genomics Proteomics (2020) 17(2):141–9. doi: 10.21873/cgp.20174

21. Liu, J, Meng, H, Li, S, Shen, Y, Wang, H, Shan, W, et al. Identification of Potential Biomarkers in Association With Progression and Prognosis in Epithelial Ovarian Cancer by Integrated Bioinformatics Analysis. Front Genet (2019) 10:1031. doi: 10.3389/fgene.2019.01031

22. Shen, J, Yu, S, Sun, X, Yin, M, Fei, J, and Zhou, J. Identification of Key Biomarkers Associated With Development and Prognosis in Patients With Ovarian Carcinoma: Evidence From Bioinformatic Analysis. J Ovarian Res (2019) 12(1):110. doi: 10.1186/s13048-019-0578-1

23. Sheng, J, Xue, X, and Jiang, K. Knockdown of Kinase Family 15 Inhibits Cancer Cell Proliferation In Vitro and its Clinical Relevance in Triple-Negative Breast Cancer. Curr Mol Med (2019) 19(2):147–55. doi: 10.2174/1566524019666190308122108

24. Song, X, Zhang, T, Wang, X, Liao, X, Han, C, Yang, C, et al. Distinct Diagnostic and Prognostic Values of Kinesin Family Member Genes Expression in Patients With Breast Cancer. Med Sci Monit (2018) 24:9442–64. doi: 10.12659/msm.913401

25. Wang, J, Guo, X, Xie, C, and Jiang, J. KIF15 Promotes Pancreatic Cancer Proliferation via the MEK-ERK Signalling Pathway. Br J Cancer (2017) 117(2):245–55. doi: 10.1038/bjc.2017.165

26. Yan, X, Liu, XP, Guo, ZX, Liu, TZ, and Li, S. Identification of Hub Genes Associated With Progression and Prognosis in Patients With Bladder Cancer. Front Genet (2019) 10:408. doi: 10.3389/fgene.2019.00408

27. Zeng, H, Li, T, Zhai, D, Bi, J, Kuang, X, Lu, S, et al. ZNF367-Induced Transcriptional Activation of KIF15 Accelerates the Progression of Breast Cancer. Int J Biol Sci (2020) 16(12):2084–93. doi: 10.7150/ijbs.44204

28. Zhang, L, He, M, and Zhu, W. Identification of a Panel of Mitotic Spindle-Related Genes as a Signature Predicting Survival in Lung Adenocarcinoma. J Cell Physiol (2020) 235(5):4361–75. doi: 10.1002/jcp.29312

29. Zhao, H, Bo, Q, Wu, Z, Liu, Q, Li, Y, Zhang, N, et al. KIF15 Promotes Bladder Cancer Proliferation via the MEK-ERK Signaling Pathway. Cancer Manag Res (2019) 11:1857–68. doi: 10.2147/cmar.s191681

30. Mai, HQ, Chen, QY, Chen, D, Hu, C, Yang, K, Wen, J, et al. Toripalimab or Placebo Plus Chemotherapy as First-Line Treatment in Advanced Nasopharyngeal Carcinoma: A Multicenter Randomized Phase 3 Trial. Nat Med (2021) 27(9):1536–43. doi: 10.1038/s41591-021-01444-0

31. Chen, YP, Liu, X, Zhou, Q, Yang, KY, Jin, F, Zhu, XD, et al. Metronomic Capecitabine as Adjuvant Therapy in Locoregionally Advanced Nasopharyngeal Carcinoma: A Multicentre, Open-Label, Parallel-Group, Randomised, Controlled, Phase 3 Trial. Lancet (2021) 398(10297):303–13. doi: 10.1016/s0140-6736(21)01123-5

32. Miki, H, Okada, Y, and Hirokawa, N. Analysis of the Kinesin Superfamily: Insights Into Structure and Function. Trends Cell Biol (2005) 15(9):467–76. doi: 10.1016/j.tcb.2005.07.006

33. Liang, WT, Liu, XF, Huang, HB, Gao, ZM, and Li, K. Prognostic Significance of KIF23 Expression in Gastric Cancer. World J Gastrointest Oncol (2020) 12(10):1104–18. doi: 10.4251/wjgo.v12.i10.1104

34. Sun, ZG, Pan, F, Shao, JB, Yan, QQ, Lu, L, and Zhang, N. Kinesin Superfamily Protein 21B Acts as an Oncogene in non-Small Cell Lung Cancer. Cancer Cell Int (2020) 20:233. doi: 10.1186/s12935-020-01323-7

35. Li, ZY, Wang, ZX, and Li, CC. Kinesin Family Member 20B Regulates Tongue Cancer Progression by Promoting Cell Proliferation. Mol Med Rep (2019) 19(3):2202–10. doi: 10.3892/mmr.2019.9851

36. Drechsler, H, and McAinsh, AD. Kinesin-12 Motors Cooperate to Suppress Microtubule Catastrophes and Drive the Formation of Parallel Microtubule Bundles. Proc Natl Acad Sci U.S.A. (2016) 113(12):E1635–1644. doi: 10.1073/pnas.1516370113

37. Gao, X, Zhu, L, Lu, X, Wang, Y, Li, R, and Jiang, G. KIF15 Contributes to Cell Proliferation and Migration in Breast Cancer. Hum Cell (2020) 33(4):1218–28. doi: 10.1007/s13577-020-00392-0

38. Li, Q, Qiu, J, Yang, H, Sun, G, Hu, Y, Zhu, D, et al. Kinesin Family Member 15 Promotes Cancer Stem Cell Phenotype and Malignancy via Reactive Oxygen Species Imbalance in Hepatocellular Carcinoma. Cancer Lett (2020) 482:112–25. doi: 10.1016/j.canlet.2019.11.008

39. Levine, AJ, and Oren, M. The First 30 Years of P53: Growing Ever More Complex. Nat Rev Cancer (2009) 9(10):749–58. doi: 10.1038/nrc2723

40. Saghaleyni, R, and Sheikh, M. A Machine Learning-Based Investigation of the Cancer Protein Secretory Pathway. PLoS Comput Biol (2021) 17(4):e1008898. doi: 10.1371/journal.pcbi.1008898

41. Wang, Z, Chen, M, Fang, X, Hong, H, Yao, Y, and Huang, H. KIF15 is Involved in Development and Progression of Burkitt Lymphoma. Cancer Cell Int (2021) 21(1):261. doi: 10.1186/s12935-021-01967-z

42. Agupitan, AD, Neeson, P, Williams, S, Howitt, J, Haupt, S, and Haupt, Y. P53: A Guardian of Immunity Becomes Its Saboteur Through Mutation. Int J Mol Sci (2020) 21(10):3452. doi: 10.3390/ijms21103452

43. Blagih, J, Buck, MD, and Vousden, KH. P53, Cancer and the Immune Response. J Cell Sci (2020) 133(5):jcs237453. doi: 10.1242/jcs.237453

44. Liu, Y, and Chen, P. Comprehensive Analysis of the Control of Cancer Stem Cell Characteristics in Endometrial Cancer by Network Analysis. Comput Math Methods Med (2021) 2021:6653295. doi: 10.1155/2021/6653295

45. Deng, Y, Wang, F, Hughes, T, and Yu, J. FOXOs in Cancer Immunity: Knowns and Unknowns. Semin Cancer Biol (2018) 50:53–64. doi: 10.1016/j.semcancer.2018.01.005

46. Steuer, CE, and Ramalingam, SS. Tumor Mutation Burden: Leading Immunotherapy to the Era of Precision Medicine? J Clin Oncol (2018) 36(7):631–2. doi: 10.1200/jco.2017.76.8770

47. Chan, TA, Yarchoan, M, Jaffee, E, Swanton, C, Quezada, SA, Stenzinger, A, et al. Development of Tumor Mutation Burden as an Immunotherapy Biomarker: Utility for the Oncology Clinic. Ann Oncol (2019) 30(1):44–56. doi: 10.1093/annonc/mdy495

48. Le, DT, Uram, JN, Wang, H, Bartlett, BR, Kemberling, H, Eyring, AD, et al. PD-1 Blockade in Tumors With Mismatch-Repair Deficiency. N Engl J Med (2015) 372(26):2509–20. doi: 10.1056/NEJMoa1500596

49. Ren, X, Chen, X, Ji, Y, Li, L, Li, Y, Qin, C, et al. Upregulation of KIF20A Promotes Tumor Proliferation and Invasion in Renal Clear Cell Carcinoma and is Associated With Adverse Clinical Outcome. Aging (Albany NY) (2020) 12(24):25878–94. doi: 10.18632/aging.202153

50. Kim, S, Cho, YB, Song, CU, and Eyun, SI. Kinesin Family Member KIF18A is a Critical Cellular Factor That Regulates the Differentiation and Activation of Dendritic Cells. Genes Genomics (2020) 42(1):41–6. doi: 10.1007/s13258-019-00875-x

51. Menyhárt, O, Pongor, LS, and Győrffy, B. Mutations Defining Patient Cohorts With Elevated PD-L1 Expression in Gastric Cancer. Front Pharmacol (2018) 9:1522. doi: 10.3389/fphar.2018.01522

52. Sharma, P, Hu-Lieskovan, S, Wargo, JA, and Ribas, A. Primary, Adaptive, and Acquired Resistance to Cancer Immunotherapy. Cell (2017) 168(4):707–23. doi: 10.1016/j.cell.2017.01.017

53. Lu, X, Li, G, Liu, S, Wang, H, Zhang, Z, and Chen, B. Bioinformatics Analysis of KIF1A Expression and Gene Regulation Network in Ovarian Carcinoma. Int J Gen Med (2021) 14:3707–17. doi: 10.2147/ijgm.s323591

54. Najafi, M, Hashemi Goradel, N, Farhood, B, Salehi, E, Nashtaei, MS, Khanlarkhani, N, et al. Macrophage Polarity in Cancer: A Review. J Cell Biochem (2019) 120(3):2756–65. doi: 10.1002/jcb.27646

55. Mollinedo, F. Neutrophil Degranulation, Plasticity, and Cancer Metastasis. Trends Immunol (2019) 40(3):228–42. doi: 10.1016/j.it.2019.01.006

56. Veglia, F, and Gabrilovich, DI. Dendritic Cells in Cancer: The Role Revisited. Curr Opin Immunol (2017) 45:43–51. doi: 10.1016/j.coi.2017.01.002

57. Chen, DS, and Mellman, I. Elements of Cancer Immunity and the Cancer-Immune Set Point. Nature (2017) 541(7637):321–30. doi: 10.1038/nature21349

58. Pardoll, DM. The Blockade of Immune Checkpoints in Cancer Immunotherapy. Nat Rev Cancer (2012) 12(4):252–64. doi: 10.1038/nrc3239

59. Zhai, L, Ladomersky, E, Lenzen, A, Nguyen, B, Patel, R, Lauing, KL, et al. IDO1 in Cancer: A Gemini of Immune Checkpoints. Cell Mol Immunol (2018) 15(5):447–57. doi: 10.1038/cmi.2017.143

60. Ruffo, E, Wu, RC, Bruno, TC, Workman, CJ, and Vignali, DAA. Lymphocyte-Activation Gene 3 (LAG3): The Next Immune Checkpoint Receptor. Semin Immunol (2019) 42:101305. doi: 10.1016/j.smim.2019.101305




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.


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 Mi, Ma, Chen, Kang, Xu, Liu, Li, Wu, Liu, Zhang, Wang and Jiang. 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/fonc-12-772816-g006.jpg
A
\\%\g\\\éi\i\\&&\\\\w\:%&i\
Va )
NN NN
AY





OEBPS/Images/fonc-12-772816-g012.jpg
Ll ",

Er VY

SNCSKIFIST sKFIS2






OEBPS/Images/fonc-12-772816-g009.jpg





OEBPS/Images/fonc-12-772816-g010.jpg





OEBPS/Images/fonc.2022.772816_cover.jpg
’ frontiers
in Oncology

Integrative Pan-Cancer Analysis
of KIF15 Reveals lts Diagnosis
and Prognosis Value in
Nasopharyngeal Carcinoma





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Integrative Pan-Cancer Analysis of KIF15 Reveals Its Diagnosis and Prognosis Value in Nasopharyngeal Carcinoma

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Analysis of KIF15 Differential Expression in Pan-Cancer

          



          		

            Analysis of KIF15 Expression and Prognosis in Pan-Cancer

          



          		

            Functional Analysis of KIF15 Related Genes

          



          		

            Correlation Between KIF15 Expression and Tumor Immunity

          



          		

            Genetic Alteration Analysis of KIF15

          



          		

            GEO Database Analysis of NPC

          



          		

            Immunohistochemistry and Evaluation

          



          		

            Gene Set Enrichment Analysis (GSEA) of KIF15

          



          		

            Cell Lines and Transfection

          



          		

            Quantitative Real Time Polymerase Chain Reaction (qRT-PCR)

          



          		

            Cell Viability and Colony Formation Assays

          



          		

            Scratch Assay

          



          		

            Transwell Assay

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            KIF15 mRNA Expression and Clinical Association in Pan-Cancer

          



          		

            Correlation Analysis Between the Expression of KIF15 and Prognostic Value

          



          		

            Molecular Mechanism of KIF15 in Pan-Cancer

          



          		

            Genetic Alteration of KIF15 in Pancancer

          



          		

            Relationship Between KIF15 and Immune-Related Factors

          



          		

            KIF15 Expression in NPC Tissue

          



          		

            KIF15 Related Pathways

          



          		

            Primary Validation of the Effect of KIF15 in NPC Cells

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc-12-772816-g008.jpg
i3 - -
fa  pomor Tug ram Foy e
g s H " e H n
I Dldes . F
%‘ S H “E!.E“
& s .
Ssesats Gseine

£ osesmmnoc £ essmnoc

£ w

2.

sx

o Ni—





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-12-772816-g004.jpg
(RIS S

A F\: ﬁxn e o P

I e T






OEBPS/Images/table2.jpg
Variables Case KIF15 expression
low high P-value

Gender

Female 39 17 22

Male 119 62 57 0.356"
Age (y)

<45 73 35 38

> 45 85 44 41 0.632"
Histological type

WHO Il 14 6 8

WHO Il 144 73 71 0.576"
T stage

T1-2 65 40 25

T3-4 93 39 54 0.015"
N stage

NO-1 56 37 19

N2-3 102 42 60 0.003"
TNM stage

-1l 32 23 9

M-I 126 56 70 0.006"

5 year-0OS 78.5% 58.2% 0.0044*

0S, overall survival. Tchi square test, *log-rank test.





OEBPS/Images/fonc-12-772816-g002.jpg
paes

iﬂﬁv

*'l
‘otl ‘—@*






OEBPS/Images/fonc-12-772816-g005.jpg





OEBPS/Images/table3.jpg
Gender

(Female vs. Male)
Age

(=45 vs. <45)

T stage

(T34 vs. T1-2)
N stage

(N2-3 vs. NO-1)
TNM stage

(N-IV vs. )
Histological type
(WHO Il vs. WHO 1)
KIF15 expression
(High vs. Low)

Univariate Cox regression

HR

0.683

1.681

2.019

2.590

1.815

1.626

2284

HR. hazard ratio: Cl, confidence interval.

95% CI

0.341-1.365

0.943-2.99

1.102-3.699

1.294-5.180

0.816-4.036

0.506-5.224

1.272-4.104

P-value

0.280

0.078

0.023

0.007

0.144

0.415

0.006

Multivariate Cox regression

HR

1.957

1.637

2.355

1.902

95% ClI

1.092-3.506

0.885-3.028

1.1656-4.801

1.047-3.454

P-value

0.024

0.116

0.018

0.035





OEBPS/Images/fonc-12-772816-g011.jpg





OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/fonc-12-772816-g007.jpg
Coexpression across cancer types

SR LR PR B TH

Cancer typres

o
0 Pvale 1

-06 Cor 08





OEBPS/Images/fonc-12-772816-g001.jpg





OEBPS/Images/table1.jpg
ACC
BLCA
BRCA
CESC
CHOL
COAD
DLBC
ESCA
GBM
HNSC
KICH
KIRC
KIRP
LAML
LGG
LIHC
LUAD
LUSC
MESO
ov
PAAD
PCPG
PRAD
READ
SARC
SKCM
STAD
TGCT
THCA
THYM
UCEC
ucs
UVM

Adrenocortical carcinoma

Bladder urothelial carcinoma

Breast invasive carcinoma

Cervical squamous cell carcinoma and Endocervical adenocarcinoma
Cholangiocarcinoma

Colon adenocarcinoma

Lymphoid neoplasm diffuse large B-cell lymphoma
Esophageal carcinoma

Glioblastoma multiforme

Head and Neck squamous cell carcinoma
Kidney chromophobe

Kidney renal clear cell carcinoma

Kidney renal papillary cell carcinoma
Acute myeloid leukemia

Brain lower grade glioma

Liver hepatocellular carcinoma

Lung adenocarcinoma

Lung squamous cell carcinoma
Mesothelioma

Ovarian serous cystadenocarcinoma
Pancreatic adenocarcinoma
Pheochromocytoma and Paraganglioma
Prostate adenocarcinoma

Rectum adenocarcinoma

Sarcoma

Skin cutaneous melanoma

Stomach adenocarcinoma

Testicular germ cell tumors

Thyroid carcinoma

Thymoma

Uterine corpus endometrial carcinoma
Uterine carcinosarcoma

Uveal melanoma





OEBPS/Images/fonc-12-772816-g003.jpg
Overall survival

B

g
cozasnensetentontistitoce:

Disease-specific survival

i
4

fatgesusgiiisgiats

EOEEReRtes sRBsiARRREASSY

© SEFRERRRECRRERCUAEAIANIE

SRR

Disease-free interval






