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Received December 19, 2013; Accepted July 23, 2014 DOI: 10.3892/ol.2014.2476 Abstract. The aim of the present study was to determine the roles of the WWOX tumor suppressor and cancer-related genes in bladder tumor carcinogenesis. Reverse transcription‑quantitative polymerase chain reaction was used to analyze the status of WWOX promoter methylation (using MethylScreen™ technology) and loss of heterozygosity (LOH) in papillary urothelial cancer tissues. The associations between the expression levels of the following tumorigenesis‑related genes were also assessed: The WWOX tumor suppressor gene, the MKI67 proliferation gene, the BAX, BCL2 and BIRC5 apoptotic genes, the EGFR signal transduction gene, the VEGF vascular endothelial growth factor gene, and the CCND1 and CCNE1 cell cycle genes. The results reveal a high frequency of LOH in intron 1 in the WWOX gene, as well as an association between reduced WWOX expression levels and increased promoter methylation. In addition, the present study demonstrates that in bladder tumors, apoptosis is inhibited by increased expression levels of the BCL2 gene. A correlation between the proliferation indices of the MKI67 and the BIRC5 genes was also revealed. Furthermore, the expression levels of VEGF were identified to be positively associated with those of the EGFR gene. Introduction Bladder cancer is the most common tumor of the urinary system. In 2010, bladder cancer was the third and thirteenth
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most commonly diagnosed type of cancer in males and females, respectively, in Poland (1). Various carcinogenesis pathways in bladder cells have been proposed, including one which assumes that a single distinct molecular pathway exists for low-grade non-invasive tumors and another exists for muscle-invasive tumors. The first type of tumor develops from hyperplasia, and is characterized by molecular alternations in the RAF/MEK/ERK and PIK3CA signal transduction pathways, while the second, the muscle-invasive tumor type, progresses from a dysplastic urothelium that is characterized by disruptions in the RB and p53 signaling pathways (2). Furthermore, chromosomal aberrations at a number of sites, including 1q, 5p, 17p, 3p, 13q, 18q and 10q are involved during carcinogenesis in bladder tissue. Epigenetic regulation of gene expression is also common and predominantly affects genes associated with tumor development and survival, such as RUNX3, RASSF1A, p16, RARβ and CDH1 (2-5). Genetic mapping and DNA sequencing has revealed the role of loss of heterozygosity (LOH) on chromosome 16 in the development of bladder cancer. Yoon et al (6) reported allelic loss at 16q24 in 20-45% of bladder tumors. This region overlaps with the fragile chromosomal site, FRA16D where the tumor suppressor gene, WWOX is located. Alterations in WWOX expression have been reported in various types of cancer, including breast (7), prostate (8), ovarian (9) and bladder cancer (10-12). However, the mechanisms responsible for the loss of WWOX expression remain unclear. The WWOX gene is not considered to be a classical tumor suppressor; for example, the two‑hit model of cancer development, proposed by Knudson in 1985 (13), is not applicable. The susceptibility of WWOX to LOH, due to a location in a common fragile site, indicates that haploinsufficiency is a primary reason for reduced WWOX expression levels (14,15). Furthermore, epigenetic mechanisms have been proposed to be crucial in the regulation of WWOX expression (14). The WWOX (WW-domain containing oxidoreductase) protein contains two N-terminal WW domains of protein-protein interactions and a C-terminal short-chain dehydrogenase domain (7). Numerous WWOX protein partners have been identified among the critical members of
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signal transduction pathways; proteins such as ERBB4 (16,17), JUN (18), TP73 (19), RUNX (20) and EZR (21). In healthy tissues, high WWOX expression levels have been observed in endocrine organs, including the prostate, testis and mammary glands, which indicates involvement in sex hormone metabolism and the regulation of steroid signaling pathways (22). Furthermore, Aqeilan et al (23) observed that the WWOX gene is involved in the regulation of steroidogenesis and proper functioning of the gonads, i.e. the testis and ovary. WWOX knock‑out mice exhibit downregulated expression of genes coding for enzymes in the cytochrome P450 family, including renin 1 structural and carbonyl reductase 2. The aim of the present study was to analyze the alterations in mRNA expression levels of selected genes associated with proliferation (MKI67), apoptosis (BCL2, BAX and BIRC5), the cell cycle (CCND1 and CCNE1), signal transduction (EGFR and VEGF) and tumor suppression (WWOX) in bladder tumor samples, and to identify any association between gene expression levels and clinicopathological factors, such as gender, grade or stage. The roles of promoter methylation status and LOH in the regulation of WWOX expression were also investigated. Materials and methods Tissue samples. Papillary urothelial cancer tissues were obtained from 32 patients treated at the Kopernik Hospital (Lodz, Poland) between 2003 and 2007. All patients had undergone transurethral resection of bladder tumors. The tumor tissue samples were stored at -80˚C in RNAlater buffer (Ambion®; Thermo Fisher Scientific, Waltham, MA, USA). The experimental group consisted of 26 males and six females. The tumors were graded according to the World Health Organization classification of Tumors (2004)  (24) and staged using the tumor, node, metastasis (TNM) classification system. In the sample population, 16 tumors were classified as grade 1, nine as grade 2, three as grade 3 and four were unclassified. According to the TNM classification, 19 cases were non‑invasive papillary carcinoma, five were T1, two were T2, one was T3 and five were unclassified. This study was conducted according to the Declaration of Helsinki and was approved by the Ethics Committee of the Medical University of Lodz (RMM/115/12/KE). Consent was obtained from the families of the patients. RNA and DNA isolation, and cDNA synthesis. RNA was isolated from the frozen tissue samples using TRIzol® reagent (Invitrogen Life Technologies, Carlsbad, CA, USA). Reverse transcriptase from the ImProm Reverse Transcription (RT)‑II™ system (Promega Corporation, Madison, WI, USA) was used to transcribe 10 µg total RNA to cDNA to obtain a final volume of 100 µl. The RT reaction was performed under the following conditions: Primer annealing at 25˚C for 5 min, and elongation at 42˚C for 60 min, followed by a 15 min pause in the reaction at 70˚C. Following synthesis, 50 µl deionized water was added to each sample, which were stored at -20˚C. Subsequent to RNA isolation, DNA was recovered using 0.5 ml back extraction buffer containing 1 M Tris Base, 4 M guanidinium thiocyanate and 50 mM sodium citrate, according to the manufacturer's instructions.



RT-quantitative polymerase chain reaction (qPCR). Gene expression levels were analyzed using Rotor-Gene™ 6000 (Corbett Research, Cambridge, UK). The reaction products were detected using SYBR® Green I and a qPCR Core kit for SYBR® Green I (Eurogentec, Southampton, UK). Each reaction was performed in duplicate. The expression levels of the following genes were analyzed: WWOX, MKI67, BAX, BCL2, BIRC5, EGFR, VEGF, CCND1, and CCNE1 and the results were compared with the expression levels of the RPS17, H3F3A and RPLP0 reference genes. The primer sequences, PCR reaction conditions and the length of the obtained products are listed in Table I. Due to the low levels of the WWOX gene present in the tissue samples, semi-nested RT-qPCR was performed. The primer sequences and the PCR conditions have been described in previous studies (25,26). Briefly, PCR cycling included one cycle at 95˚C for 10 min (denaturation) followed by 35 cycles at 94˚C for 30 sec (repeated denaturation); 56˚C (for D16S3096) or 55˚C (for D16S518) for 30 sec (annealing), and 72˚C for 60 sec (elongation). In order to avoid detection of non-specific products for each reaction, melting curve analysis was performed and the expression levels of the genes were calculated according to the Roche method (27). Universal Human Reference RNA (Stratagene, La Jolla, CA, USA) at a concentration of 0.5 mg/ml served as a calibrator. LOH analysis. Allelic losses were analyzed by high resolution melting using a LightCycler® 480 (Roche Diagnostics GmbH, Mannheim, Germany). Two microsatellite markers, located on chromosome 16 in two intron regions of the WWOX gene, were used: D16S3096 and D16S518 on introns 8 and 1, respectively. Information regarding the sequences for these microsatellite markers was obtained from the Genome Database (www.ncbi. nlm.nih.gov/probe?term=45798[unists+id]; www.ncbi.nlm. nih.gov/probe/?term=d16s518). PCR cycling included one cycle at 95˚C for 10  min, followed by 35 cycles at 94˚C for 30 sec, 56˚C (for D16S3096) or 55˚C (for D16S518) for 30 sec, and 72˚C for 60 sec. Methylation analysis of the WWOX gene. The methylation status of two fragments of the WWOX gene was analyzed; the first site in the promoter region between -508 and -174 bp, and the second between -171 and +239 bp, covering the 3' end of the promoter and part of exon 1. The procedures for genomic DNA extraction, digestion and performing a MethylScreen™ assay (New England Biolabs, Hitchin, UK) have previously been described (25,26). Statistical analysis. A nonparametric Spearman linear correlation test was used in the analysis of the correlation between gene expression levels. The analysis of the dependence between WWOX gene expression levels and LOH, as well as methylation status and various clinical factors, was performed using the Aspin-Welsh test. P0.05).



WWOX methylation status. MethylScreen™ analysis revealed WWOX methylation in the -508 to -174 bp promoter region in 31% of bladder cancer specimens. Furthermore, WWOX expression levels in the methylated samples were almost half those of the unmethylated samples (means ± standard error of the
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Table II. Spearman rank correlation for selected genes in patients with bladder cancer. Gene 



Parameter CCNE1 



EGFR 



VEGF 



MKI67 



BCL-2 



BAX 



BIRC5 



WWOX



CCND1 



Rs value 0.0689 0.3405 0.5830 0.2319 0.4661* 0.3430 0.0590 0.3780* P‑value >0.05 >0.05 >0.05 >0.05 0.0082* >0.05 >0.05 0.0329*



EGFR 



Rs value 0.5385* 0.3636* 0.313 0.1960 0.4753* 0.1162 P‑value 0.0015* 0.0408* >0.05 >0.05 0.0060* >0.05



CCNE1 



VEGF 



MKI67 



BCL-2 BAX 



BIRC5 



Rs value P‑value 



0.3101 0.2936 0.7117* 0.1435 0.2590 0.6578* 0.0002 >0.05 >0.05 0.05 >0.05 0.05



Rs value P‑value 



03047 0.1552 0.3598* 0.3568* 0.2038 >0.05 >0.05 0.0431* 0.045* >0.05



Rs value P‑value 



0.1076 0.0126 0.8170* -0.0676 >0.05 >0.05 0.05



Rs value 0.3849* -0.0426 0.1424 P‑value 0.0296* >0.05 >0.05



Rs value 0.0125 0.3018 P‑value >0.05 >0.05



Rs value -0.0896 P‑value >0.05



Indicates a statistically significant correlation. Rs, correlation coefficient.



*



Figure 1. Mean expression levels of the WWOX gene associated with loss of heterozygosity in D16S3096 (marker located in intron 8 of the WWOX gene) and the methylation status of the promoter region between -508 and -174 bp (Aspin-Welsch test). *P 
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