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Although emerging patient-derived samples and cellular-based evidence support the relationship between WDR74 (WD Repeat Domain 74) and carcinogenesis in multiple cancers, no systematic pan-cancer analysis is available. Our preliminary research demonstrated that WDR74 is over-expressed in lung squamous cell carcinoma (LUSC) and related with worse survival. We thus investigated the potential oncogenic roles of WDR74 across 33 tumors based on the database of TCGA (The Cancer Genome Atlas) and GEO (Gene Expression Omnibus). WDR74 is highly expressed in most cancers and correlated with poor prognosis in several cancers (all p < 0.05). Mutation analysis demonstrated that WDR74 is frequently mutated in promoter regions of lung cancer. Moreover, we found that CD8+ T-cells and the fibroblast infiltration level increased in WDR74 over-expressed cancer cells. The GO (Gene Ontology) enrichment analysis of the WDR74 pathway revealed its participation in cellular biogenesis of the RNA metabolism and its critical role in cancer initiation and progression through the tumor cell energy metabolism. Our first pan-cancer study inferred a relatively comprehensive understanding of the oncogenic roles of WDR74 across various cancers.
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INTRODUCTION
Pan-cancer expression analysis plays an important role to figure out the correlation between the gene of interest and its potential mechanisms in carcinogenesis (Barger et al., 2019; Gobin et al., 2019; Cui et al., 2020; Zhang et al., 2020). The publicly funded TCGA (The Cancer Genome Atlas) project and the available GEO (Gene Expression Omnibus) database include functional genomics data sets of different tumors and thus allow us to conduct pan-cancer analysis (Tomczak et al., 2015; Clough and Barrett, 2016; Blum et al., 2018).
WDR74 is a single copy gene with a conserved protein structure across species (Penel et al., 2009; Smith et al., 1999). WDR74 with six WD40 domains is in the superfamily of WD40 repeat proteins, which have been proved to involve in a wide variety of cellular functions, such as cell division, cell fate determination, gene transcription, transmembrane signaling, mRNA modification, and vesicle fusion (Maserati et al., 2011; Berglund et al., 2008; Weinhold et al., 2014; Lo et al., 2017; Hiraishi et al., 2015; Jin et al., 2020). Our preliminary immunohistochemistry (IHC) analysis based on the tissue microarray (TMA) demonstrated higher expression of WDR74 protein in lung squamous cell carcinoma (LUSC) than in normal tissues (paired t-test, p-value < 0.001) (Supplementary Figure S1). In addition, in vitro studies showed that WDR74 could induce nuclear β-catenin accumulation and activate Wnt responsive genes to promote cancer growth and metastasis in lung and colorectal cancer (Li et al., 2020a; Cai et al., 2021). Moreover, Li et al. claimed that WDR74 modulates tumorigenesis and metastasis through the RPL5-MDM2-p53 pathway in melanoma (Li et al., 2020b).
Although several studies have prompted oncogenic roles of WDR74 in tumors, WDR74 is not mentioned as a cancer consensus gene in COSMIC (Catalogue of Somatic Mutations in Cancer) (Sondka et al., 2018). Moreover, there is still no pan-cancer analysis on the relationship between WDR74 and various tumor types based on data-driven evidence. Our study, for the first time, based on previous results and combined with the TCGA project and GEO databases, conducted a pan-cancer analysis of WDR74 in various tumors. We also investigated the potential molecular mechanism of WDR74 in the pathogenesis or clinical prognosis of different cancers by analyzing correlative factors to further confirm its oncogenic role in tumors.
MATERIALS AND METHODS
Gene Expression Analysis
To explore WDR74’s function in cancers, we analyze WDR74 expression in different cancers or specific tumor subtypes. Expression profiling was downloaded from TIMER2 (http://timer.cistrome.org/) based on the TCGA project, showing the differences between tumors and adjacent normal tissues of different tumors. Given the lack of the normal issues of several tumors (DLBC, GBMLGG, SKCM, TGCT, THCA), our study combines TCGA with GTEx to conduct the survey through GEPIA2 (http://gepia2.cancer-pku.cn/) (Tang et al., 2019). In addition to the gene expression, the protein expression levels were also obtained from the Ualcan (http://ualcan.path.uab.edu/index.html) (Chen et al., 2019). Furthermore, to determine if WDR74 expression has correlation with tumor staging, we conduct survey on GEPIA2. We logged into the online HPA (Human Protein Atlas) database (https://www.proteinatlas.org/humanproteome/pathology) to obtain the expression data of the WDR74 gene in different cells and tissues under physiological conditions by entering the word “WDR74.” The expression level of the WDR74 protein in a plasma sample was estimated in the HPA database. “Low specificity” was defined by “NX (normalized expression) ≥ 1 in at least one tissue/region/cell type but not elevated in any tissue/region/cell type.”
Survival Prognosis Analysis
To test the relationship between WDR74 expression and survival prognosis, we used the “Survival Map” module of GEPIA2 to get the OS (overall survival) and DFS (disease-free survival), respectively. Cutoff-high and cutoff-low values were used as the expression thresholds for splitting the high-expression and low-expression cohorts.
Moreover, we obtained archival formalin-fixed paraffin-embedded (FFPE) specimens of 97 LUSC from Cancer Hospital, Chinese Academy of Medical Science, Beijing, China. All the patients have provided informed consent, and the study was approved by the Institutional Review Board of Cancer Hospital, Chinese Academy of Medical Science and Peking Union Medical College. We performed Immunohistochemistry (IHC) on the tissue microarrays according to the protocol of a previous study, with anti-WDR74 antibodies (Santa Cruz Biotechnology, clone E-6, 1:50 dilution).
The score was determined by multiplying the score of staining intensity and the score of positive cells. The detailed rules of scoring the staining intensity were described in supplementary materials and methods. OS of high- and low-WDR74 subgroups of patients was compared using the Kaplan–Meier method with the log-rank test. The data in this part were analyzed and plotted by using the “survival” package of R4.1.0 software (https://www.r-project.org/).
Genetic Alteration Analysis
Our study used cBioportal (http://cbioportal.org) to analyze the gene alteration based on the TCGA Pan Cancer Atlas Studies tumor by choosing the “cancer type summary” in the query module (Cerami et al., 2012; Gao et al., 2013). Detailed mutated site information of WDR74 and the 3D structure of WDR74 protein were downloaded by choosing “mutations” in the same module. Moreover, we examined mutation calls from previously published LUSC whole genome sequencing [20 patients from TCGA and 48 patients from pan-cancer analysis of the whole genome (PCAWG) cohort] to analyze WDR74 promoter mutation.
Moreover, 109 patients with LUSC were recruited at the Cancer Hospital, Chinese Academy of Medical Sciences, from December 2017 to December 2019, and all patients provided informed consent. We conducted exome-promoter sequencing on tumor and blood samples to figure out the WDR74 mutation status in exonic regions. More details can be found in the supplementary material and method.
Immune Infiltration Analysis
We used TIMER2 to perform immune infiltration analysis. WDR74 immune infiltration was searched in four databases to determine WDR74’s function in the tumor forming. Then, we selected several points with strong correlation to display its scatter plot. The p-values and partial correlation (cor) values were obtained via the purity-adjusted Spearman’s rank correlation test. We explored the relationship between WDR74 expression and ImmuneScore, StromalScore, and ESTIMATEScore based on R packages “estimate” and analyzed the relationship between WDR74 and immune checkpoints on the website of “http://sangerbox.com/Tool.”
WDR74-Related Gene Enrichment Analysis
We selected 50 WDR74-binding proteins with experimental support. We set the following main parameters: minimum required interaction score [“Medium confidence (0.400)”], meaning of network edges (“evidence”), max number of interactors to show (“no more than 50 interactors” in the first shell), and active interaction sources (“experiments”). Then, we searched in the “similar gene detection” module to obtain 100 WDR74-correlated targeting genes. The log2 TPM was applied for the dot plot. The p-value and the correlation coefficient (R) were indicated. After that, we input these selected genes in TIMER (Tumor Immune Estimation Resource) to get the heatmap in the “Gene_Corr” module.
We use Venn (http://bioinformatics.psb.ugent.be/webtools/Venn/) to get the genes involving in the two parts. The two sets of data were used to perform KEGG (Kyoto Encyclopedia of Genes and Genomes) pathway analysis and GO (Gene Ontology) enrichment analysis by using the R packages “ggplot2” and “clusterProfiler” to conduct GO (Gene Ontology) enrichment analysis. The data for BP (biological process), CC (cellular component), and MF (molecular function) were visualized as bubble charts. Two-tailed p < 0.05 was considered statistically significant.
We also conducted gene set enrichment analysis (GSEA) to inspect the statistical significance of a defined set of genes and verify the differences between two biological states. Based on the TCGA database, we divided LUSC samples into two subgroups on the grounds of the median expression level of WDR74. GO gene sets were analyzed by the “clusterProfiler” and “enrichplot” R package to identify functional terms and pathways. Gene set permutations were executed 100 times for each analysis. The criteria of significantly enriched pathways were normalized with p < 0.05.
RESULTS
WDR74 Expression Analysis Data
Our study first investigated the WDR74 protein structure and the phylogenetic tree data. The genomic location of human WDR74 is shown (Supplementary Figure S2A). The protein structure demonstrated conserved domains among different spices, including the WD40 (cd00200) and WD40 (cl02567) domains (Supplementary Figure S2B). The phylogenetic tree data indicated the evolutionary relationship of the WDR74 protein across different species (Supplementary Figure S3).
Additionally, we explored the expression differences of WDR74 in multiple normal cell lines and tissues. Our results revealed that WDR74 has the highest expression in the bone marrow, followed by the dendritic cells (Supplementary Figure S4A), based on the combination of the HPA (Human Protein Atlas), GTEx, and FANTOM5 (Function Annotation of the Mammalian Genome 5) datasets. Low RNA tissue specificity and low RNA blood cell type specificity were presented (Supplementary Figure S4).
Gene expression analysis was conducted in the TCGA cancers, showing the significant difference between normal tissues and tumor tissues in the BLCA (bladder urothelial carcinoma), BRCA (breast invasive carcinoma), CHOL (cholangiocarcinoma), COAD (colon adenocarcinoma), ESCA (esophageal carcinoma), HNSC (head and neck squamous cell carcinoma), KIRC (kidney renal clear cell carcinoma), LIHC (liver hepatocellular carcinoma), LUAD (lung adenocarcinoma), LUSC, PRAD (prostate adenocarcinoma), READ (rectum adenocarcinoma), STAD (stomach adenocarcinoma) (p < 0.001), THCA (thyroid carcinoma), KIRP (kidney renal papillary cell carcinoma) (p < 0.01), PCPG (pheochromocytoma and paraganglioma), and UCEC (uterine corpus endometrial carcinoma) (p < 0.05) (Figure 1A). However, several tumor samples lack normal tissues as controls in the TCGA database, including DLBC, GBM, LGG, SKCM, TGCT, and THYM. To explore the expression feature in these tumors, we combined the TCGA and GTEx datasets to get enough normal samples as paired tissues and observed the high-expression WDR74 in DLBC (lymphoid neoplasm diffuse large B-cell lymphoma) and THYM (thymoma) (p < 0.05) (Figure 1B).
[image: Figure 1]FIGURE 1 | Expression status of the WDR74 gene in multiple tumors and different pathological stages. We explored the WDR74 expression difference between tumor samples and paired normal tissues in different cancers or specific cancers utilizing TIMER2. *p < 0.05; **p < 0.01; ***p < 0.001 (A). Combined with normal tissues in the GTEx database, WDR74 expression levels were analyzed for several tumors (DLBC, GBM, LGG, SKCM, TGCT, and THYM) in the TCGA project. *p < 0.05 (B). WDR74 total protein expressions of normal tissues and primary tissues were obtained from the CPTAC dataset in breast cancer, clear cell RCC, colon cancer, LUAD, ovarian cancer, and UCEC. ***p < 0.001 (C). WDR74 expression levels of different pathological stages were figured out in ESCA, KICH, and SKCM based on TCGA data (D).
The analysis results of the CPTAC dataset showed higher expression of WDR74 protein in breast cancer, clear cell RCC, colon cancer, LUAD, ovarian cancer, and UCEC (p < 0.001) (Figure 1C). The pooling analysis results in the Oncomine database further demonstrated that WDR74 is highly expressed in brain and CNS cancer, breast cancer, colorectal cancer, lung cancer, or lymphoma compared with normal controls (Supplementary Figure S6). The “Pathological Stage Plot” module of the HEPIA2 database was applied to depict the correlation between WDR74 expression and the pathological stages of cancers, including ESCA, KICH (Kidney Chromophobe), and SKCM (Skin Cutaneous Melanoma) (Figure 1D, all p < 0.05).
Survival Analysis Data
Divided by the expression levels of WDR74, patients’ prognosis was analyzed based on the datasets of TCGA and GEO. Highly expressed WDR74 was associated with poor prognosis of OS in cancers of ACC (adrenocortical carcinoma) (p < 0.001), LAML (acute myeloid leukemia) (p < 0.01), LIHC (p < 0.05), and PRAD (p < 0.01) from the TCGA project (Figure 2A). It is worth noting that in DLBC, WDR74 expression increased, but the prognosis was good, which was contrary to other cancers. It may be limited by the sample sizes that were no more than 50 in high and low expression groups. Moreover, the oncogenic role of WDR74 and the underlying molecular mechanism need more in-depth evidence to identify. As for DFS, there was a similar connection between high WDR74 expression and poor prognosis within the TCGA cases of ACC (p < 0.001), KIRP (p < 0.05), and PRAD (p < 0.001) (Figure 2B).
[image: Figure 2]FIGURE 2 | Survival prognosis between groups with high and low WDR74 expression levels was obtained on GEPIA2 based on the TCGA project. (A) The Kaplan-Meier analysis of overall survival with WDR74 expression in the ACC, DLBC, LAML, LIHC and PRAD. (B) The Kaplan–Meier analysis of disease-free survival with WDR74 expression in the ACC, KIRP and PRAD.
Furthermore, we utilized the Kaplan–Meier plotter tool to obtain the correlation between WDR74 expression and prognosis in breast cancer, lung cancer, gastric cancer, ovarian cancer, and liver cancer (Supplementary Figures S7, S8). We observed that WDR74 expression was negatively correlated with the OS (p < 0.001) and DMFS (p < 0.01) for breast cancer. Additionally, we found that the high WDR74 expression level predicted the poor OS, FP, and PPS (all p < 0.001) in lung cancer. However, a low expression level of WDR74 was associated with poor OS (p < 0.01) and PFS (p < 0.05) in ovarian cancer and poor OS (p = 0.01) and FP (p < 0.05) in gastric cancer. Our analysis did not show a significant differential prognosis in OS, PFS, RFS, and DSS prognosis of liver cancer. Moreover, subgroup analyses of these cancers were conducted to investigate the distinct conclusions (Supplementary Tables S1–S5).
In summary, WDR74 expression level was significantly associated with the poor prognosis in several cancers, especially in lung cancer, ACC, and PRAD.
Genetic Alteration Analysis Data
Based on our previous conclusion, WDR74 was highly expressed in multiple tumor tissues and correlated with worse prognosis in several tumors, suggesting its potential oncogenic role in carcinogenesis. Therefore, we next explored the genetic variations of WDR74. We found that uterine carcinosarcoma patients bear the highest genetic alteration frequency (>5%) of WDR74. The “mutation” type and “amplification” type account for a significant portion of the alteration in the skin cutaneous melanoma and cholangiocarcinoma, respectively. We further explored the types, sites, and case number of WDR74 genetic alteration, which are exhibited in Figure 3A. It is noted that the R181L/Q missense mutation was verified in two cases of skin cutaneous melanoma and one case of glioblastoma, suggesting its potential role as a hotspot mutation site. The R181 site was highlighted in the 3D structure (Figure 3C). Except the coding regions, we also analyzed the functional promoter regions of WDR74.
[image: Figure 3]FIGURE 3 | Mutation features of WDR74 in multiple tumors based on TCGA were analyzed by the cBioPortal tool. The alteration frequency of mutation types (A) and mutation sites located on the coding region (C) are shown. The mutation site with the highest alteration frequency (R181L/Q) was highlighted in the 3D structure of WDR74 (B).
We found 14.7% (16/109) cases with promoter alterations in a ∼1-kb window near the 5′ end of the WDR74 gene, most of which clustered at the start of the 5′ flank region, including single nucleotide variations, small insertions, and deletions. We examined mutation calls from previously published LUSC whole genome sequencing [20 patients from TCGA and 48 patients from pan-cancer analysis of the whole genome (PCAWG) cohort]. The analysis showed that three out of 20 cases from the TCGA dataset had WDR74 promoter mutations within the range of chr11. 62841736 to chr11. 62841875 and of chr11. 62841450 to chr11. 62841654. (Supplementary Table S6). Moreover, the methylation analysis of the promoter region showed the negative association between expression and WDR74 methylation in LUSC (Supplementary Figure S9).
Immune Infiltration Analysis Data
Tumor-infiltrating immune cells which comprise a large proportion of cells in the tumor microenvironment were correlated with the initiation, progression, and metastasis of cancer (Fridman et al., 2011; Steven and Seliger, 2018). Cancer-associated fibroblasts (CAFs) are the most abundant and are critically involved in cancer progression in the tumor microenvironment. CAFs affect cancer initiation and development by regulating the biology of tumor cells and other stromal cells via cell–cell contact, releasing numerous regulatory factors and synthesizing and remodeling the extracellular matrix (Chen and Song, 2019).
Based on the TCGA project, the study evaluated the potential connection between the infiltration level of different immune cells and WDR74 gene expression applying the TIMER, CIBERSORT, QUANTISEQ, TIDE (Tumor Immune Dysfunction and Exclusion), XCELL, MCPCOUNTER, and EPIC algorithms.
The statistical results revealed that the immune infiltration of CD8+ T-cells was correlated with WDR74 expression positively in LIHC and negatively in SKCM-Metastasis (Supplementary Figure S10). Meanwhile, WDR74 expression was negatively associated with the estimated infiltration value of cancer-associated fibroblasts for the TCGA tumors of BLCA, BRCA, HNSC, LGG, LUSC, OV, PRAD, SARC, and TGCT, visualizing as scatterplots (Figure 4B). For instance, we observed significant negative correlation between the WDR74 expression level in SARC and the infiltration level of cancer-associated fibroblasts (cor = −0.419, P < 0.001) utilizing the TIDE algorithm. ImmuneScore, StromalScore, and EstimateScore are standardized measurements of immune cells and stromal cells in defined regions of the tumor, which were estimation indexes of tumor purity and proved to be predictive prognostic factors independent of other clinical features in several cancers. Tumor microenvironment analysis revealed that ImmuneScore, StromalScore, and EstimateScore were correlated with a low WDR74 expression level in LUSC (R = −0.441, p < 0.001) (Figure 4C).
[image: Figure 4]FIGURE 4 | We applied different algorithms to figure out the potential correlation between the expression level of the WDR74 gene and the infiltration level of cancer-associated fibroblasts in TCGA cancers (A). The correlation between WDR74 expression and the estimated infiltration value of cancer-associated fibroblasts is shown as a scatterplot in BLCA, PRAD, SARC, and LUSC (B). The correlation analysis of ImmuneScore, StromalScore, and EstimateScore with WDR74 expression in GBM, LUSC, BRCA, and LUAD is shown as a scatterplot (C). We also explored correlation between WDR74 expression and immune-related cytokines and immune checkpoint expression across 33 TCGA tumors (D).
Moreover, high-expression WDR74 correlated with expression of immune checkpoints VSIR, HAVCR2, and TIGIT (all p < 0.001) in LUSC, suggesting that WDR74 is a potential target in immune therapy (Figure 4D).
Enrichment Analysis of WDR74-Related Partners
We selected the targeting WDR74-binding proteins and the WDR74 expression-correlated genes to conduct pathway enrichment analyses. We used STRING to collect 50 WDR74-binding proteins which were endorsed by experimental evidence and depicted the relationship with a high confidence (interaction score >0.700) between them in the forms of the network (Figure 5A).
[image: Figure 5]FIGURE 5 | Enrichment analysis on WDR74 were conducted to further investigate its role in tumorigenesis. We obtained WDR74-binding proteins with experimental evidence using the STRING tool (A). Top 100 WDR74-correlated genes were selected from TCGA projects and the correlation between WDR74 expression and selected targeting genes, including BOP1, PPAN, PUS1, SNHG1, and MRTO4, was analyzed on GEPIA2 (B). The corresponding heatmap data in the detailed cancer types are shown (C). We conducted an intersection analysis between the selected 50 WDR74-binding genes and 100 WDR74-correlated genes (D). We utilized WDR74-binding genes and WDR74-interacted genes to perform KEGG pathway analysis (E). The bubble chart of GO analysis is shown (F). Based on GSEA, GO enrichment analysis on LUSC is shown (G).
Additionally, we sought out top 100 genes that correlated with WDR74 by combing all TCGA tumor data in GEPIA2. As shown in Figure 5B, the WDR74 expression level was positively correlated with that of BOP1 (R = 0.52), PPAN (R = 0.53), PUS1 (R = 0.53), SNHG1(R = 0.56), and MRTO4 (calumenin) (R = 0.5) genes (all p < 0.001). The corresponding heatmap data presented a positive correlation between WDR74 and the above genes in the majority of detailed cancer types (Figure 5C). Moreover, we conduct an intersection analysis of the WDR74-binding and correlated genes (Figure 5D).
The KEGG analyses suggested that “Ribosome” might be involved in the effect of WDR74 on tumor pathogenesis (Figure 5E). The GO enrichment analysis data showed that most of these genes were linked to the pathways or cellular biology of the RNA metabolism, such as ribonucleoprotein complex biogenesis, ribosome biogenesis, and ncRNA processing (Figure 5F). Based on GSEA, GO enrichment analysis revealed that WDR74-related genes were involved in the process of the cell cycle in the LUSC (Figure 5G).
DISCUSSION
In the study, we conducted expression analysis, survival analysis, genetic alteration analysis, immune infiltration analysis, and enrichment analysis of WDR74 to explore its potential role in carcinogenesis. Our pan-cancer analysis showed high-level expression of WDR74 in tumor tissues (p < 0.05) and its correlation with poor prognosis in several tumors. Mutation analysis demonstrated that WDR74 is frequently mutated in promoter regions of lung cancer and has the R181L/Q hotspot mutation in skin cutaneous melanoma and glioblastoma. Previous researchers claimed that WDR74 promotes proliferation and metastasis in lung and colorectal cancer cells through regulating the Wnt/β-catenin signaling pathway (Liu et al., 2018). It has also been proved that WDR74 modulates melanoma cell proliferation and metastasis through the RPL5-MDM2-p53 pathway (Li et al., 2020b). Based on a pan-cancer pathway enrichment analysis, we first identified that WDR74 participates in cellular biogenesis of the RNA metabolism and its critical role in cancer initiation and progression through the tumor cell energy metabolism.
It is well known that hyperactivation ribosome biogenesis which can be initiated by oncogenes or the loss of tumor suppressor genes has causal associations with elevated cancer risk (Penzo et al., 2019). Mutations in genes encoding ribosomal proteins (RPs) or ribosome assembly factors play a critical role in cancer initiation and progression. For example, the expression of the truncated ΔN-netrin-1 (nucleolar N-terminal truncated isoform of netrin 1) was found to drive rDNA transcription and pre-rRNA processing and to increase the number of mature ribosomes in tumor cells, promoting the malignant phenotype (Delloye-Bourgeois et al., 2012). This process was reported to involve protein kinase Cι type (PKCι)-mediated phosphorylation of the epithelial cell-transforming sequence 2 oncogene (ECT2) and the subsequent binding of ECT2 to the nucleolar transcription factor upstream-binding factor 1 (UBF1), which promotes rDNA transcription (Pelletier et al., 2018). Similarly, WDR74 participates in the early cleavage of pre-rRNA processing and regulates appropriate maturation of the pre-60S particles (Hiraishi et al., 2018; Ishida et al., 2021). Our GO enrichment analysis revealed that WDR74-binding components and WDR74 expression-related genes were strongly correlated to the pathways or cellular biology of the RNA metabolism, such as ribonucleoprotein complex biogenesis, ribosome biogenesis, and ncRNA processing, to promote tumorigenesis. Our study provided some evidence supporting these feasible molecular mechanisms, and more efforts are needed to identify them in tumors.
Previous research reported that the WDR74 promoter is frequently mutated in various cancers (ICGC/TCGA Pan-Cancer Analysis of Whole Genomes Consortium, 2020). In particular, the 5’ untranslated region (UTR) and promoter of WDR 74 were found to be under purifying selection and highly enriched for mutations, and these mutations were broadly distributed across numerous positions. In addition, like our study, the coding sequences of WDR74 did not contain any mutations in LUAD and LUSC tumors. Khurana et al. also reported WDR74 promoter mutations in two of the 20 prostate cancer genomes, suggesting its widely mutated characteristic in multiple tumors. Mutations in non-coding regions, such as UTR and the promoter, usually generated non-functional single-nucleotide polymorphism. However, recent studies have established a comprehensive method to identify important driver mutations in non-coding regions and implicate new driver genes in the development of specific cancers. Among them, TERT promoter mutations are particularly common in various cancers. TERT can be transcriptionally activated by somatic point mutations in the promoter, which introduce de novo transcription factor binding sites and accelerated gene over-expression. In melanoma, glioma, hepatocellular carcinoma, urothelial carcinoma, and others, TERT promoter mutations have been found to define subsets of patients with adverse disease outcomes (Heidenreich and Kumar, 2017).
Collectively, WDR74 is overexpressed in multiple tumors and correlated with worse survival prognosis. In addition, WDR74 participates in tumorigenesis through the tumor cell energy metabolism pathway and holds the potential role as a diagnostic biomarker as well as future therapeutic targets in multiple tumors.
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
The studies involving human participants were reviewed and approved by the ethics committee at Cancer Hospital, Chinese Academy of Medical Sciences, and the study was performed in accordance with the Declaration of Helsinki. The patients/participants provided their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS
Author contributions: (I) Conception and design: SG and WL; (II) Administrative support: JY, SG and ZQ; (III) Provision of study materials or patients: PS; (IV) Collection and assembly of data: XW; (V) Data analysis and interpretation: SW; (VI) Manuscript writing: All authors; (VII) Final approval of the manuscript: All authors.
FUNDING
Beijing Nova Program of Science and Technology (Z191100001119095), Beijing Hope Run Special Fund of Cancer Foundation of China (LC 2019L04), and CAMS Innovation Fund for Medical Sciences (CIFMS) 2021-I2M-1-066.
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.2022.860940/full#supplementary-material
ABBREVIATIONS
ACC, adrenocortical carcinoma; BLCA, bladder urothelial carcinoma; BRCA, breast invasive carcinoma; CHOL, cholangiocarcinoma; COAD, colon adenocarcinoma; DLBC, lymphoid neoplasm diffuse large B-cell lymphoma; ESCA, esophageal carcinoma; GEO, gene expression omnibus; GO, gene ontology; HNSC, head and neck squamous cell carcinoma; KEGG, Kyoto Encyclopedia of Genes and Genomes; KICH, kidney chromophobe; KIRC, kidney renal clear cell carcinoma; KIRP, kidney renal papillary cell carcinoma; LAML, acute myeloid leukemia; LIHC, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; OS, overall survival; PCPG, pheochromocytoma and paraganglioma; PRAD, prostate adenocarcinoma; READ, rectum adenocarcinoma; SKCM, skin cutaneous melanoma; STAD, stomach adenocarcinoma; TCGA, The Cancer Genome Atlas; THCA, thyroid carcinoma; UCEC, uterine corpus endometrial carcinoma; WDR74, WD Repeat Domain 74.
REFERENCES
 Barger, C. J., Branick, C., Chee, L., and Karpf, A. R. (2019). Pan-Cancer Analyses Reveal Genomic Features of FOXM1 Overexpression in Cancer. Cancers (Basel) 11 (2), 251. doi:10.3390/cancers11020251
 Berglund, A. C., Sjölund, E., Ostlund, G., and Sonnhammer, E. L. (2008). InParanoid 6: Eukaryotic Ortholog Clusters with Inparalogs. Nucleic Acids Res. 36 (Database issue), D263–D266. doi:10.1093/nar/gkm1020
 Blum, A., Wang, P., and Zenklusen, J. C. (2018). SnapShot: TCGA-Analyzed Tumors. Cell 173 (2), 530. doi:10.1016/j.cell.2018.03.059
 Cai, Z., Mei, Y., Jiang, X., and Shi, X. (2021). WDR74 Promotes Proliferation and Metastasis in Colorectal Cancer Cells through Regulating the Wnt/β-Catenin Signaling Pathway. Open Life Sci. 16 (1), 920–929. doi:10.1515/biol-2021-0096
 Cerami, E., Gao, J., Dogrusoz, U., Gross, B. E., Sumer, S. O., Aksoy, B. A., et al. (2012). The cBio Cancer Genomics Portal: An Open Platform for Exploring Multidimensional Cancer Genomics Data: Figure 1. Cancer Discov. 2 (5), 401–404. doi:10.1158/2159-8290.cd-12-0095
 Chen, F., Chandrashekar, D. S., Varambally, S., and Creighton, C. J. (2019). Pan-cancer Molecular Subtypes Revealed by Mass-Spectrometry-Based Proteomic Characterization of More Than 500 Human Cancers. Nat. Commun. 10 (1), 5679. doi:10.1038/s41467-019-13528-0
 Chen, X., and Song, E. (2019). Turning Foes to Friends: Targeting Cancer-Associated Fibroblasts. Nat. Rev. Drug Discov. 18 (2), 99–115. doi:10.1038/s41573-018-0004-1
 Clough, E., and Barrett, T. (2016). The Gene Expression Omnibus Database. Methods Mol. Biol. 1418, 93–110. doi:10.1007/978-1-4939-3578-9_5
 Cui, X., Zhang, X., Liu, M., Zhao, C., Zhang, N., Ren, Y., et al. (2020). A Pan-Cancer Analysis of the Oncogenic Role of Staphylococcal Nuclease Domain-Containing Protein 1 (SND1) in Human Tumors. Genomics 112 (6), 3958–3967. doi:10.1016/j.ygeno.2020.06.044
 Delloye-Bourgeois, C., Goldschneider, D., Paradisi, A., Therizols, G., Belin, S., Hacot, S., et al. (2012). Nucleolar Localization of a Netrin-1 Isoform Enhances Tumor Cell Proliferation. Sci. Signal. 5 (236), ra57. doi:10.1126/scisignal.2002456
 Fridman, W. H., Galon, J., Dieu-Nosjean, M. C., Cremer, I., Fisson, S., Damotte, D., et al. (2011). Immune Infiltration in Human Cancer: Prognostic Significance and Disease Control. Curr. Top. Microbiol. Immunol. 344, 1–24. doi:10.1007/82_2010_46
 Gao, J., Aksoy, B. A., Dogrusoz, U., Dresdner, G., Gross, B., Sumer, S. O., et al. (2013). Integrative Analysis of Complex Cancer Genomics and Clinical Profiles Using the cBioPortal. Sci. Signal. 6 (269), pl1. doi:10.1126/scisignal.2004088
 Gobin, E., Bagwell, K., Wagner, J., Mysona, D., Sandirasegarane, S., Smith, N., et al. (2019). A Pan-Cancer Perspective of Matrix Metalloproteases (MMP) Gene Expression Profile and Their Diagnostic/prognostic Potential. BMC Cancer 19 (1), 581. doi:10.1186/s12885-019-5768-0
 Heidenreich, B., and Kumar, R. (2017). TERT Promoter Mutations in Telomere Biology. Mutat. Research/Reviews Mutat. Res. 771, 15–31. doi:10.1016/j.mrrev.2016.11.002
 Hiraishi, N., Ishida, Y.-i., and Nagahama, M. (2015). AAA-ATPase NVL2 Acts on MTR4-Exosome Complex to Dissociate the Nucleolar Protein WDR74. Biochem. Biophysical Res. Commun. 467 (3), 534–540. doi:10.1016/j.bbrc.2015.09.160
 Hiraishi, N., Ishida, Y.-i., Sudo, H., and Nagahama, M. (2018). WDR74 Participates in an Early Cleavage of the Pre-rRNA Processing Pathway in Cooperation with the Nucleolar AAA-ATPase NVL2. Biochem. Biophysical Res. Commun. 495 (1), 116–123. doi:10.1016/j.bbrc.2017.10.148
 Icgc/Tcga Pan-Cancer Analysis of Whole Genomes Consortium, (2020). Pan-cancer Analysis of Whole Genomes. Nature 578 (7793), 82–93. doi:10.1038/s41586-020-1969-6
 Ishida, Y.-i., Miyao, S., Saito, M., Hiraishi, N., and Nagahama, M. (2021). Interactome Analysis of the Tudor Domain-Containing Protein SPF30 Which Associates with the MTR4-Exosome RNA-Decay Machinery under the Regulation of AAA-ATPase NVL2. Int. J. Biochem. Cel Biol. 132, 105919. doi:10.1016/j.biocel.2021.105919
 Jin, M., Lu, J., Fei, X., Lu, Z., Quan, K., Liu, Y., et al. (2020). Genetic Signatures of Selection for Cashmere Traits in Chinese Goats. Animals (Basel) 10 (10), 1905. doi:10.3390/ani10101905
 Li, Y., Chen, F., Shen, W., Li, B., Xiang, R., Qu, L., et al. (2020). WDR74 Induces Nuclear β-catenin Accumulation and Activates Wnt-Responsive Genes to Promote Lung Cancer Growth and Metastasis. Cancer Lett. 471, 103–115. doi:10.1016/j.canlet.2019.12.011
 Li, Y., Zhou, Y., Li, B., Chen, F., Shen, W., Lu, Y., et al. (2020). WDR74 Modulates Melanoma Tumorigenesis and Metastasis through the RPL5-MDM2-P53 Pathway. Oncogene 39 (13), 2741–2755. doi:10.1038/s41388-020-1179-6
 Liu, J., Zhao, M., Yuan, B., Gu, S., Zheng, M., Zou, J., et al. (2018). WDR74 Functions as a Novel Coactivator in TGF-β Signaling. J. Genet. Genomics 45 (12), 639–650. doi:10.1016/j.jgg.2018.08.005
 Lo, Y.-H., Romes, E. M., Pillon, M. C., Sobhany, M., and Stanley, R. E. (2017). Structural Analysis Reveals Features of Ribosome Assembly Factor Nsa1/WDR74 Important for Localization and Interaction with Rix7/NVL2. Structure 25 (5), 762–772. doi:10.1016/j.str.2017.03.008
 Maserati, M., Walentuk, M., Dai, X., Holston, O., Adams, D., and Mager, J. (2011). Wdr74 Is Required for Blastocyst Formation in the Mouse. PLoS One 6 (7), e22516. doi:10.1371/journal.pone.0022516
 Pelletier, J., Thomas, G., and Volarević, S. (2018). Ribosome Biogenesis in Cancer: New Players and Therapeutic Avenues. Nat. Rev. Cancer 18 (1), 51–63. doi:10.1038/nrc.2017.104
 Penel, S., Arigon, A. M., Dufayard, J. F., Sertier, A. S., Daubin, V., Duret, L., et al. (2009). Databases of Homologous Gene Families for Comparative Genomics. BMC Bioinformatics 10 (Suppl. 6), S3. doi:10.1186/1471-2105-10-S6-S3
 Penzo, M., Montanaro, L., Treré, D., and Derenzini, M. (2019). The Ribosome Biogenesis-Cancer Connection. Cells 8 (1), 55. doi:10.3390/cells8010055
 Smith, T. F., Gaitatzes, C., Saxena, K., and Neer, E. J. (1999). The WD Repeat: a Common Architecture for Diverse Functions. Trends Biochem. Sci. 24 (5), 181–185. doi:10.1016/s0968-0004(99)01384-5
 Sondka, Z., Bamford, S., Cole, C. G., Ward, S. A., Dunham, I., and Forbes, S. A. (2018). The COSMIC Cancer Gene Census: Describing Genetic Dysfunction across All Human Cancers. Nat. Rev. Cancer 18 (11), 696–705. doi:10.1038/s41568-018-0060-1
 Steven, A., and Seliger, B. (2018). The Role of Immune Escape and Immune Cell Infiltration in Breast Cancer. Breast Care 13 (1), 16–21. doi:10.1159/000486585
 Tang, Z., Kang, B., Li, C., Chen, T., and Zhang, Z. (2019). GEPIA2: an Enhanced Web Server for Large-Scale Expression Profiling and Interactive Analysis. Nucleic Acids Res. 47 (W1), W556–W560. doi:10.1093/nar/gkz430
 Tomczak, K., Czerwińska, P., and Wiznerowicz, M. (2015). The Cancer Genome Atlas (TCGA): an Immeasurable Source of Knowledge. Contemp. Oncol. (Pozn) 19 (1A), A68–A77. doi:10.5114/wo.2014.47136
 Weinhold, N., Jacobsen, A., Schultz, N., Sander, C., and Lee, W. (2014). Genome-wide Analysis of Noncoding Regulatory Mutations in Cancer. Nat. Genet. 46 (11), 1160–1165. doi:10.1038/ng.3101
 Zhang, X., Klamer, B., Li, J., Fernandez, S., and Li, L. (2020). A Pan-Cancer Study of Class-3 Semaphorins as Therapeutic Targets in Cancer. BMC Med. Genomics 13 (Suppl. 5), 45. doi:10.1186/s12920-020-0682-5
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 Wu, Song, Wang, Qian, Ying, Gao and Li. 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-13-860940-g005.gif
BEEL A wM«W'ﬁL‘





OPS/images/fgene-13-860940-g003.gif





OPS/images/fgene-13-860940-g004.gif





OPS/xhtml/nav.xhtml
Contents

		Cover

		A Pan-Cancer Analysis of the Oncogenic Role of WD Repeat Domain 74 in Multiple Tumors		Introduction

		Materials and Methods		Gene Expression Analysis

		Survival Prognosis Analysis

		Genetic Alteration Analysis

		Immune Infiltration Analysis

		WDR74-Related Gene Enrichment Analysis





		Results		WDR74 Expression Analysis Data

		Survival Analysis Data

		Genetic Alteration Analysis Data

		Immune Infiltration Analysis Data

		Enrichment Analysis of WDR74-Related Partners





		Discussion

		Data Availability Statement

		Ethics Statement

		Author Contributions

		Funding

		Publisher’s Note

		Supplementary Material

		Abbreviations

		References









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






OPS/images/fgene-13-860940-g001.gif





OPS/images/fgene-13-860940-g002.gif









OPS/images/crossmark.jpg
©

|





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





