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Abstract. 
We explored the difference in expression of tubulin alpha 1b (TUBA1B) between Wilms’ tumor (WT) and normal tissues (NT) from in-house patients and databases, to determine TUBA1B expression in WT and the predictive pathways of coexpressed genes. In-house RNA-sequencing data were performed with WT and NT from three patients from our institute. Other four RNA-sequencing and microarray data were also downloaded from multiple public databases. The TUBA1B expression between WT and NT was analyzed by Student’s -test and meta-analysis. The correlation between the expression of TUBA1B and other genes in each study was analyzed. Genes with  and 5 were considered as the coexpressing genes of TUBA1B. Overlapping the coexpressed genes of the five studies, including three in-house patients (3 WT vs. 3 NT), GTEx-TARGET (126 WT vs. 51 NT), GSE2172 (18 WT vs. 3 NT), GSE11024 (27 WT vs. 12 NT), and GSE73209 (32 WT vs. 6 NT), were performed with limma and VennDiagram packages in R software. The website of WEB-based GEne SeT AnaLysis toolkit were used to analyze the gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) functional annotations for the overlapped genes. The results showed that the relative expression of TUBA1B in WT tissues from in-house three patients was 280.0086, 141.7589, and 303.8292 and that in NT was 16.5836, 104.8141, and 12.79 (3 WT vs. 3 NT, , , ). Student’s -test and meta-analysis in all studies revealed that the expression of TUBA1B was upregulated in WT tissues compared to that in NT (, , ). Finally, the research identified the expression of TUBA1B in WT tissues was significantly upregulated than that in NT. The coexpressed genes of TUBA1B were enriched in the pathway of DNA replication, mismatch repair, cell cycle, pathogenic Escherichia coli infection, and spliceosome.

1. Introduction
Wilms’ tumor (WT), also called nephroblastoma, usually originates from embryonic renal precursor cells in which the cell growth and/or differentiation is dysregulated during development. It accounts for 90% of childhood renal tumors and constitutes 7% of all childhood cancers and is the commonest species of kidney tumor in childhood with an annual incidence of 8–10 per million. It is recognized as an embryonal tumor due to its histological mimicry of stages in nephrogenesis and early age of onset [1–5]. However, some patients still face problems such as a high degree of malignancy, advanced tumor, recurrence, poor prognosis, and treatment-related side effects affecting the quality of life [2]. In recent years, the molecular mechanism of various types of tumor development has gradually become clear. The precise treatment of tumors by molecular-targeted therapy has gradually appeared as a new method. However, the research results of the molecular mechanism of tumors are mainly reflected in the field of adult oncology. The molecular mechanisms underlying the development of solid tumors in children have been investigated to a lesser extent. WT lacks specific tumor markers; therefore, it is even more important to clarify the pathogenesis of malignant tumors in children, to find effective tumor markers, provide new evidence and improvised clinical diagnosis and treatment, and improve the rate of tumors being cured.
Tubulin alpha 1b (TUBA1B), also known as K-ALPHA-1, is a protein-coding gene and a member of the human consensus coding sequence (http://asia.ensembl.org/Homo_sapiens/Gene/Summary?db=core;g=ENSG00000123416;r=12:49127782-49131397). Tubulin is the main constituents of cytoskeleton, and it has five different forms—α-, β-, γ-, δ-, and ε-tubulin. The α- and β-tubulin heterodimers that form the microtubules reversibly and dynamically aggregate into microtubules—the cytoskeletal elements that regulate the cell shape, cell adhesion, cell movement, replication and division, and drive mitosis and transport within the cells [6–8]. The α and β-tubulin heterodimers form polar protofilaments through head-to-tail binding, forming hollow microtubule walls laterally. They are at the core of many aspects of cell biology, acting as orbits for molecular motors and generating forces through their dynamic growth and contraction during the cell cycle [9, 10]. The structure of tubulin provides key information about the mechanism by which it accomplishes its cellular effects and the physiological environment in which these effects are exerted. The occurrence and development of WT is a complex biological process involving multigene participation and regulation, and it is being studied at the molecular level. For example, TUBA1B has been studied in hepatocellular carcinoma and mantle cell lymphoma.
In this study, we used the RNA-sequencing data from in-house WT patients and also downloaded the RNA-sequencing data and microarray from multiple public databases to first explore the TUBA1B expression levels and their possible role in WT patients.
2. Materials and Methods
2.1. Gene Expression Data
We obtained WT and NT from three patients who underwent surgery for WT at the Department of Pediatric Surgery of the First Affiliated Hospital of Guangxi Medical University between December 2018 and May 2019. Two patients were two years old each, and the third was three years old; all of them were confirmed to have WT by histopathology. The expression of mRNA in the WT and NT was identified using RNA-sequencing by the NovaSeq 6000 platform. In order to further confirm the differences in expression in the WT and NT in the WT patients, the TPM (transcripts per million) expression values from the RNA-sequencing data of 126 WT tissues and 6 NT were downloaded from the Therapeutically Applicable Research to Generate Effective Treatments (TARGET) database (https://ocg.cancer.gov/programs/target); the TPM expression value of the RNA-sequencing data in 45 NT (as supplementary control tissue) were downloaded from the Genotype-Tissue Expression (GTEx) database (https://gtexportal.org/), [11]. The combination of these two databases was called GTEx-TARGET. All TPM expression values were standardized by log2 (). We further searched the literature published before February 23, 2020, in the Gene Expression Omnibus (GEO) database (http://www.ncbi.nlm.nih.gov/geo/), [12], Sequence Read Archive (SRA) database (https://www.ncbi.nlm.nih.gov/sra), [13], Oncomine database (https://www.oncomine.org), [14], and ArrayExpress database (https://www.ebi.ac.uk/arrayexpress/), [15]. The search term was “TUBA1B OR Tubulin alpha 1b OR Tubulin-α1B OR K-ALPHA-1” and “nephroblastoma OR Wilms’ tumor OR Wilm tumor OR embryoma of kidney.” The inclusion criteria were as follows: (i) the object of study is human tissue, and (ii) the expression data for TUBA1B expression in WT and normal kidney tissue must be used to calculate the standardized mean difference (SMD).
2.2. Differences in the TUBA1B Expression between WT and NT
Student’s -test was performed using the GraphPad 8.0 software to map the violin plots and receiver operating characteristic (ROC) curves to demonstrate the expression of TUBA1B in each study and the ability to distinguish between WT and NT.
To further clarify the expression level of TUBA1B between the WT and NT in the WT patients, we performed a meta-analysis using the Stata 14.0 software. If the heterogeneity analysis was  and  when there was no heterogeneity in statistics, the fixed effects model was used for meta-analysis; otherwise, a random effects model was used for analysis. The mean (M) and standard deviation (SD) value for each study was calculated to obtain the SMD and 95% confidence interval (95% CI). The funnel plot was used to analyze the publication bias, and no significant publication bias was considered when . The Midas module was selected for diagnostic meta-analysis, summarizing the receiver operating characteristic (sROC) curve; the forest map of sensibility and specificity was drawn, and the area under the curve (AUC) was calculated to determine the ability of TUBA1B to distinguish between WT and NT. In order to evaluate the stability and reliability of the meta-analysis results, the sensitivity analysis was performed.
2.3. The Screening of Coexpressed Genes in TUBA1B and Their Predictive Pathways
The correlation between the TUBA1B expression and the expression of all the genes in all studies was analyzed. Genes with  and  were considered to be the coexpressed genes of TUBA1B. The work was performed by R limma and VennDiagram packages [16, 17]. Finally, the overlapping coexpressed genes were calculated. The web-based gene set analysis toolkit (WebGestalt) [18] was used to analyze the Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) database for the presence of overlapping coexpressed genes. The workflow of the study is shown in Figure 1.




			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
				
				
			
			
				
				
				
				
				
			
			
				
				
				
				
				
			
			
				
				
				
				
				
				
				
				
				
				
				
			
			
				
				
				
			
			
				
				
			
			
				
				
				
				
				
				
				
			
			
				
				
			
			
				
			
			
				
				
				
				
				
				
				
				
			
			
				
				
			
			
				
				
			
			
				
				
				
				
				
				
				
				
			
			
				
				
			
			
				
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
		
			
				
					
				
					
				
			
		
			
				
					
				
					
				
			
		
			
				
					
				
					
				
			
		
			
				
					
				
					
				
			
		
			
				
					
				
					
				
			
		
			
				
					
				
					
				
			
		
			
				
					
				
					
				
			
		
			
				
					
				
					
				
			
		Figure 1: The workflow of this research. : number.


3. Results
3.1. Differences in the TUBA1B Expression
The relative expression of WT tissues in three in-house patients was 280.0086, 141.7589, and 303.8292 (), and that of NT was 16.5836, 104.8141, and 12.79 (). Student’s -test results in three in-house patients revealed that the TUBA1B expression in the WT tissues was upregulated compared to that in the NT for three patients (3 WT vs. 3 NT, ) with an AUC of 100% (Figure 2). For a more comprehensive study, we obtained the TUBA1B expression in 126 WT tissues and 6 NT from the TARGET database. Simultaneously, TUBA1B expression was obtained for 45 NT from the GTEx database. This was for 126 WT tissues and 51 NT samples from GTEx-TARGET database (126 WT vs. 51 NT, , ). In addition, a total of three eligible WT tissue gene chips were screened out according to the established retrieval strategy, including GSE2712 (18 WT vs. 3 NT, , ), GSE11024 (27 WT vs. 12 NT, , ), GSE73209 (32 WT vs. 6 NT, , ). These gene expression chips were finished based on the chip platforms of GPL10558 Illumina HumanHT-12 V4.0 expression beadchip, GPL96 Affymetrix Human Genome U133A Array, and the GPL6671 Affymetrix GeneChip Human Genome U133 Plus 2.0 Array. Student’s -test results of the four datasets showed , , , and  (GTEx-TARGET, GSE2712, GSE11024, and GSE73209) (Figure 3). The AUC values were 0.9718, 0.9815, 0.9938, and 0.8021, respectively (Figure 4). All the results indicated that the expression of TUBA1B was higher in the WT tissues than that in the NT.




			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
		
			
			
		
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
		Figure 2: The three WT patients in this study showed higher TUBA1B expression than the NT patients (), and the credibility was high (, ).






			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
		
			
		
			
			
		
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
		
			
			
			
			
		
			
			
			
			
		
			
			
			
			
		
			
			
			
			
		
			
			
			
			
		
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
		Figure 3: Violin plots for four studies. The four studies suggested that TUBA1B was higher in WT tumor tissues than in NT ().






			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
		Figure 4: ROC curves for four studies. All of the AUCs in the four studies were more than 80%, and the  values were less than 0.05, revealed to be higher.


3.2. Meta-Analysis of TUBA1B Expression
Based on the five studies, we further verified the expression of TUBA1B in the WT patients by meta-analysis. The results of the heterogeneity analysis showed that  and , suggesting that there was great heterogeneity; hence, the random effects model was selected for the meta-analysis. The meta-analysis of five studies revealed TUBA1B expression in WT tissue was higher than that in NT (in-house patients: , -5.22; GTEx-TARGET: , -3.49; GSE73209: , -2.48; GSE2712: , -4.01; GSE11024: , -3.27; overall: , -3.27) (Figure 5(a)). The funnel diagram shows that the figure was basically symmetrical (Figure 5(b)). The heterogeneity in the sensitivity was high, and the heterogeneity of specificity was not statistically significant (Figure 6(a)). The AUC of the sROC curve was 0.98 (Figure 6(b)), which means that the diagnostic test was very accurate. In order to make the published bias evaluation more comprehensive, we carried out the Egger test and Begg’s test in five studies and all the results were without an obvious bias (, ). The influence analysis in the five studies showed that the elimination of any study had little impact on the result (Figure 7).
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Figure 5: (a) The expression of TUBA1B in WT tissue by meta-analysis. The results showed that , , 95% CI was 2.52-3.27, and SMD was 2.89, overall. (b) Funnel diagram was evaluated for publication bias in meta-analysis. It was found to be basically symmetrical.
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Figure 6: (a) The  test of sensitivity was , which indicated that the heterogeneity among the studies was statistically significant, and the  was 86.95%, indicating that the heterogeneity accounted for a large proportion. In addition, the specificity  test () revealed that the heterogeneity among the included studies was not statistically significant. (b) The AUC of sensitivity was 0.91, the AUC of specificity was 0.97, and the AUC of sROC was 0.98, indicating that the research was very credible.






			
			
			
			
		
			
			
			
			
		
			
			
			
			
		
			
			
			
			
		
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
		
			
				
			
				
				
				
				
				
				
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
				
				
				
				
				
				
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		Figure 7: Influence analysis. The results of the influence analysis showed that the elimination of any study did not affect the high expression of TUBA1B in the WT patients.


3.3. TUBA1B Coexpression Genes and Their Enrichment Analysis
We separately obtained 3632, 677, 4024, 901, and 14759 coexpression genes in the in-house patients, GSE2712, GSE11024, GSE73209, and GTEx-Target. Then, 80 overlapping coexpression genes were obtained from the five studies (Figure 8). Based on these coexpression genes, the top three terms of biological processes (BP) were found to be that of the “metabolic process,” “biological process,” and “cellular component organization.” The top three terms for the cellular component (CC) were the “nucleus,” “membrane-enclosed lumen,” and “protein-containing complex.” The top three terms of molecular function (MF) were “protein binding,” “nucleic acid binding,” and “ion binding” (Figure 9). The top five pathways of KEGG enrichment analysis were DNA replication, mismatch repair, cell cycle, pathogenic Escherichia coli infection, and spliceosome (Figure 10).




		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
		
			
			
		
			
		
			
		
			
			
		
			
			
			
		
			
			
		
			
		
			
		
			
		
			
			
		
			
			
			
		
			
			
		
			
			
		
			
			
			
		
			
			
			
		
			
			
			
			
		
			
			
			
		
			
			
			
		
			
			
		
			
			
			
		
			
		
			
		
			
		
			
			
		
			
			
		
			
			
			
		
			
			
		
			
			
		
			
			
		
			
			
			
		Figure 8: Venn diagram of the five studies. A total of 80 overlapping genes were obtained from in-house patients, GTEx-TARGET, GSE2712, GSE11024, and GSE73209.






			
			
		
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
		
			
		
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
			
			
		
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
			
		
			
			
		
			
			
		
			
		
			
				
			
				
			
				
			
				
			
				
			
				
			
				
				
			
			
				
				
			
			
				
				
			
			
				
				
			
			
				
			
		
			
				
			
				
			
				
			
				
			
				
			
				
			
				
				
			
			
				
				
			
			
				
				
			
			
				
				
			
			
				
			
		Figure 9: The GO functional annotation for 80 coexpressed genes. The top three BP comments were “metabolic process,” “biological regulation,” and “cellular component organization.” The top three CC comments were the “nucleus,” “membrane-enclosed lumen,” and “protein-containing complex.” The top three MF comments were “protein binding,” “nucleic acid binding,” and “ion binding.”






			
		
			
		
			
		
			
		
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
					
				
			
			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
					
				
			
			
				
					
					
					
					
					
					
					
					
					
				
			
			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
				
			
			
				
					
					
					
					
					
					
					
					
					
					
					
				
			
			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
				
			
			
				
					
					
					
					
					
					
					
					
				
			
			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
				
			
			
				
					
					
					
					
					
					
					
					
					
				
			
			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
				
			
		
			
			
			
				
				
				
				
				
				
				
				
			
			
				
				
				
				
				
				
				
				
			
		Figure 10: KEGG enrichment analysis for the coexpression of TUBA1B. The top five KEGG enrichment pathways were enriched in “DNA replication,” “mismatch repair,” “cell cycle,” “pathogenic Escherichia coli infection,” and “spliceosome.”


4. Discussion
In this study, we analyzed the WT and NT of in-house patients (3 WT vs. 3 NT) and demonstrated that the expression of TUBA1B in the WT tissues was higher than that in the NT, and these results were also confirmed by data from multiple public databases including GTEx-TARGET (126 WT vs. 51 NT), GSE2172 (18 WT vs. 3 NT), GSE11024 (27 WT vs. 12 NT), and GSE73209 (32 WT vs. 6 NT). This was the first study to report that the expression of TUBA1B in the WT tissues was higher than that in the NT, indicating that TUBA1B might play an essential role in WT. In order to explore the possible ways in which TUBA1B may influence WT, we obtained 80 coexpression genes and its KEGG enrichment analysis. It was found that coexpression genes were mainly enriched in DNA replication, mismatch repair, cell cycle pathway, etc. (Figure 7).
Tubulin is a major ingredient of the microtubules that combine with two moles of GTP, one each on the α and β chains. Microtubules are polar filaments constructed from αβ-tubulin heterodimers that exhibit a series of structures in vitro and in vivo. Tubulin heterodimers are spirally arranged on the microtubule wall, but many physiologically relevant architectures exhibit a break in the helical symmetry known as the seam [9]. The differential biosynthesis of tubulin is the result of posttranscriptional regulation of the tubulin mRNA. This mechanism, known as tubulin self-regulation, is a negative feedback loop that indirectly adjusts the stability of mature splicing rather than that of the unspliced tubulin pre-mRNA through nonpolymeric tubulin [19–21]; here, the regulation occurs at the mRNA stability level rather than at the transcriptional level [22].
TUBA1B has had been reported in other cancer studies. Cancer cells acquire mitotic drug resistance through beta I-tubulin mutations and alterations in the expression of the beta-tubulin isotypes. β-I-tubulin mutations can alter the dynamics of the microtubule assembly and induce resistance to microtubule stabilizers and sensitivity to microtubule stabilizers in the cancer cells [23]. TUBA1B has also been reported in hepatocellular carcinoma and mantle cell lymphoma. TUBA1B was found to be upregulated in the hepatocellular carcinoma tissues and the proliferating hepatocellular carcinoma cells. In addition, increased expression of TUBA1B in patients with hepatocellular carcinoma was associated with poor overall survival and tolerability of paclitaxel [24]. TUBA1B expression was also implicated in the poor prognosis in mantle cell lymphoma [25].
So far no study has shown the relationship between TUBA1B and WT. In this study, we used RNA sequencing data and microarray from in-house three patients (3 WT vs. 3 NT), GTEx-TARGET (126 WT vs. 51 NT), GSE2172 (18 WT vs. 3 NT), GSE11024 (27 WT vs. 12 NT), and GSE73209 (32 WT vs. 6 NT) to demonstrate the upregulation of TUBA1B in the WT tissues. The GO functional comment results suggested that TUBA1B and its coexpression genes may affect the occurrence of WT through signaling pathways such as the metabolic process in BP, nucleus in CC, and the protein binding in MF. The KEGG enrichment analysis revealed that the TUBA1B coexpression genes were significantly expressed in DNA replication, mismatch repair, cell cycle pathway, etc. In the KEGG pathway analysis, we found that DNA replication was the most abundant pathway.
Tumor development is a complex process. It is not yet known whether TUBA1B would have an impact on the WT patient prognosis and ongoing research efforts are required. We confirmed that the expression of TUBA1B in the WT tissue was significantly higher than that in the NT by many methods, but we do not have experimental support for the deficiency in NT. In order to make our research more rigorous, we had intended to conduct cell experiments to verify our results. However, we could not buy the correct WT cell lines in China. The G-401, SK-NEP-1, and WT-CLS1 were incorrect WT cell lines [26, 27]. Hence, we had to terminate this idea.
5. Conclusion
The research identified the expression of TUBA1B in WT tissues was significantly upregulated than that in NT. The coexpressed genes of TUBA1B were enriched in the pathway of DNA replication, mismatch repair, cell cycle, pathogenic Escherichia coli infection, and spliceosome.
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