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Abstract. 
It has been suggested that trimethylation of lysine 27 on histone H3 (H3K27me3) is a crucial epigenetic process in tumorigenesis. However, the expression pattern of H3K27me3 and its clinicopathological/prognostic significance in urothelial carcinoma of bladder (UCB) are unclear. In this study, upregulated expression of H3K27me3 protein was observed in the majority of UCBs by Western blotting. High expression of H3K27me3 was examined by IHC in 59/126 (46.8%) of UCB tissues and in 18/72 (25.0%) of normal urothelial bladder epithelial tissues (
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). High expression of H3K27me3 was associated with multifocal tumors and lymph node metastases (
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). Patients with high expression of H3K27me3 had shorter cancer-specific survival (CSS) time than patients with low expression of H3K27me3 (
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). In different subsets of UCB patients, high expression of H3K27me3 was also a prognostic indicator in patients with grade 2 and grade 3, pT1, pT2, pT3, and pN− disease (
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). Importantly, expression of H3K27me3 was an independent predictor for CSS (
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) of UCB patients treated with radical cystectomy (RC). Our data suggests that high expression of H3K27me3 is an independent molecular marker for predicting poor prognosis of UCB patients treated with RC.


1. Introduction
Urothelial carcinoma of bladder (UCB) is one of the major causes of morbidity and mortality in Western countries [1]. Clinically, radical cystectomy (RC) remains the most common treatment for patients with muscle-invasive UCB or for patients with superficial disease that is at high risk of recurrence and progression. Despite advances in surgical technique and an improved understanding of the role of pelvic lymphadenectomy, the 5-year cancer-specific survival (CSS) remains at only 50–60% [2, 3]. In addition, while providing important prognostic information on UCB, the currently clinical and pathological variables have a limited ability to predict tumor recurrence, progression, and/or patient survival. The most possibly underlying reason might be the heterogeneous biological properties of UCB. Therefore, the search for specific genes alterations which determine biological nature and behavior of UCB would be of utmost importance to optimize individual therapy. However, such reliable biomarkers are still substantially limited. 
It has been reported that epigenetic changes are involved in the silencing of various tumor-suppressor genes, the facilitation of tumorigenesis, and/or the progression of human cancers [4–6]. Histone methylation has been found to play an important role in regulating gene expression and chromatin function [5]. Trimethylation of lysine 27 on histone H3 (H3K27me3), a transcription-suppressor histone modification, is catalyzed by enhancer of zeste homolog 2 (EZH2) [7]. EZH2, the catalytic subunit of the polycomb repressive complex 2 (PRC2), contributes to the maintenance of cell identity, cell cycle regulation, and tumorigenesis. EZH2 is frequently overexpressed and correlates with poor prognosis in many human cancers [8–12], as well as in UCB [13, 14]. Up to date, however, the protein expression of H3K27me3 in UCB and its associated clinicopathological and prognostic significance have not been investigated. Thus, in the present study, we aimed to investigate the clinical/prognostic implication of H3K27me3 in UCB patients treated with RC.
2. Material and Methods
2.1. Patient Information and Tissue Samples
In this study, for analysis of H3k27me3 protein levels in UCBs by Western blot, 15 pairs of fresh UCB and adjacent morphologically normal bladder tissues underwent RC frozen and stored in liquid nitrogen until further use. In addition, for preparation of the bladder tissue microarray (TMA), 126 patients with UCB that underwent RC were selected from the surgical pathology archives of the Department of Pathology, Cancer Center, and the First Affiliated Hospital, Sun Yat-Sen University, between 1999 and 2008. Prior patients’ consent and approval from the Institutional Research Ethics Committee of Sun Yat-Sen University Cancer Center were obtained for the use of these clinical materials for research purposes. Clinical information on the samples is summarized in Table 1. The tumor specimens were recruited from paraffin blocks of 126 primary UCBs. Seventy-two cases of normal bladder mucosa from adjacent nonneoplastic bladder tissue of the same UCB patients, in paraffin blocks, were also obtained. None of the UCB patients included in this study had received preoperative radiation or chemotherapy. Tumor grade and stage were defined according to the criteria of the WHO and the 6th edition of the pTNM classification of the International Union Against Cancer (UICC, 2002).
Table 1: Association between the expression of H3K27me3 and clinicopathologic features in UCB.
	

	Characteristic	
									
									Total cases	H3K27me3 expression (%)
	Low expression	High expression	
	
		
			

				𝑃
			

		
	
 value*
	

	Age (years)	 	 	 	0.955
	    ≤65**	68	36 (52.9)	32 (47.1)	 
	    >65	58	31 (53.4)	27 (46.6)	 
	Gender	 	 	 	0.817
	    Male	114	61 (53.5)	53 (46.5)	 
	    Female	12	6 (50.0)	6 (50.0)	 
	Tumor multiplicity	 	 	 	0.010
	    Unifocal	49	19 (38.8)	30 (61.2)	 
	    Multifocal	77	48 (62.3)	29 (37.7)	 
	WHO grade	 	 	 	0.312
	    G1	24	16 (66.7)	8 (33.3)	 
	    G2	46	24 (52.2)	22 (47.8)	 
	    G3	56	27 (48.2)	29 (51.8)	 
	pT status	 	 	 	0.404
	    PT1	25	16 (64.0)	9 (36.0)	 
	    PT2	55	30 (54.5)	25 (45.5)	 
	    PT3	30	15 (50.0)	15 (50.0)	 
	    PT4	16	6 (37.5)	10 (62.5)	 
	pN status	 	 	 	0.046
	    PN−	105	60 (57.1)	45 (42.9)	 
	    PN+	21	7 (33.3)	14 (66.7)	 
	



	
		
			

				∗
			

		
	
Chi-square test; **median age; UCB: urothelial carcinoma of bladder.


2.2. Western Blotting Analysis
Equal amounts of whole cell and tissue lysates were resolved by SDS-polyacrylamide gel electrophoresis and electrotransferred onto a polyvinylidene difluoride membrane (Pall Corp., Port Washington, NY, USA). The tissues were then incubated with primary rabbit monoclonal antibodies against H3K27me3 (1 : 1000 dilution; Cell Signaling Technology, Beverly, MA, USA). The immunoreactive signals were detected with an enhanced chemiluminescence kit (Amersham Biosciences, Uppsala, Sweden). The procedures were conducted in accordance with the manufacturers’ instructions. GAPDH antibody (1 : 2000 dilution; Sigma, St. Louis, MO, USA) was used as the loading control.
2.3. Construction of TMAs
The TMA was constructed according to a method described previously [15]. In brief, the paraffin-embedded tissue blocks and the corresponding histological hematoxylin-and-eosin- (H&E-) stained slides were overlaid for tissue TMA sampling. Duplicates of 0.6 mm diameter cylinders were punched from representative tumor areas of individual donor tissue blocks and reembedded into a recipient paraffin block at a defined position, using a tissue arraying instrument (Beecher Instruments, Silver Spring, MD, USA). In our constructed bladder tissue TMA, 3 cores of sample were selected from each primary UCB and normal bladder tissue. Multiple sections (5 μm thick) were cut from the TMA block and mounted on microscope slides.
2.4. Immunohistochemistry (IHC)
IHC studies were performed using a standard streptavidin-biotin-peroxidase complex method. In brief, TMA sections were deparaffinized and rehydrated. Endogenous peroxidase activity was blocked with 0.3% hydrogen peroxide for 15 min. For antigen retrieval, tissue slides were boiled in 10 mM citrate buffer (pH 6.0) and microwave-treated for 10 min (H3K27me3) or in Tris (hydroxymethyl) aminomethane-EDTA buffer (pH 8.0) in a pressure cooker for 12 min (EZH2). Nonspecific binding was blocked with 10% normal rabbit serum for 20 min. The tissue slides were incubated with anti-H3K27me3 (1 : 50; Abcam, Cambridge, MA, USA) or anti-EZH2 (1 : 100; BD Transduction Laboratories, Franklin Lakes, NJ, USA) for 60 min at 37°C in a moist chamber. Subsequently, the slides were sequentially incubated with biotinylated rabbit antimouse immunoglobulin at a concentration of 1 : 100 for 30 min at 37°C and then reacted with a streptavidin-peroxidase conjugate for 30 min at 37°C and 3′-3′ diaminobenzidine as a chromogen substrate. The nucleus was counterstained using Meyer’s hematoxylin. A negative control was obtained by replacing the primary antibody with a normal murine immunoglobulin. Known immunostaining positive slides were used as positive controls. 
To evaluate of the H3K27me3 and EZH2 IHC staining in different bladder tissues, the nuclear pattern of H3K27me3 and EZH2 in bladder tissues was recorded as positive expression. Nuclear immunoreactivity scores for H3K27me3 [16, 17] and EZH2 [8, 12, 18] proteins were calculated using previously validated respective scoring systems, respectively. For H3K27me3, the system used calculated the percentage of nuclei that stained positive for the H3K27me3 protein in multiples of 10. As the frequency of the percentage of positively stained cells in all tumor samples assessed for H3K27me3 was almost normally distributed and ranged from 0% to 100% and the median value was 50%, a 50% cut-off value was used to, categorize samples into high and low expression levels [16, 17]. For EZH2, the system scored nuclear EZH2 expression by recording the percentage of nuclei with EZH2 immunoreactivity and classified samples into two groups: low expression, where there was <50% positive cells; and high expression, when ≧50% of the cells showed nuclear immunoreactivity [8, 12, 18]. H3K27me3 and EZH2 expression levels were assessed by pathologists who were blinded to the clinicopathological data.
2.5. Statistical Analysis
All statistical analyses were carried out using the SPSS v. 13.0 statistical software packages (SPSS, Chicago, IL, USA). The relationship between H3K27me3 expression and clinicopathological characteristics was analyzed by the Chi-square test. Survival curves were plotted by the Kaplan-Meier method and compared using the log-rank test. Survival data were evaluated using univariate and multivariate Cox regression analyses. 
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 values of less than 0.05 were considered to indicate statistical significance.



3. Results
3.1. Expression Patterns of H3K27me3 in UCB Cells and Tissues by Western Blotting
To investigate the protein levels of H3K27me3 in UCB tissues, protein expression of H3K27me3 in 15 pairs of primary UCB and adjacent normal bladder specimens was analyzed using Western blotting. As shown in Figure 1, a total of 12 out of 15 (80.0%) UCB tissues samples had upregulated levels of H3K27me3 expression, compared with their adjacent normal bladder tissues. The results revealed that H3K27me3 was upregulated at the protein level, in clinical tissue samples of UCB.


	
		
	
	
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
			
			
			
			
			
		
	
	
		
			
		
		
			
		
		
			
		
		
			
			
		
		
			
			
		
		
			
		
	
	
		
			
			
			
			
			
		
	
	
		
			
		
		
			
		
		
			
		
		
			
			
		
		
			
			
		
		
			
		
	
	
		
			
			
			
			
			
		
	
	
		
			
		
		
			
		
		
			
		
		
			
			
		
		
			
			
		
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
			
		
	
	
		
			
			
		
	
	
		
			
			
		
	
	
		
			
			
		
	
	
		
			
			
		
	
	
		
			
			
		
	


	
		
			
			
			
			
		
	
	
		
			
			
			
			
		
	
	
		
			
			
			
			
		
	
	
		
			
			
			
			
		
	
	
		
			
			
			
			
		
	
	
		
			
			
			
		
		
			
		
	
	
		
			
			
			
			
		
	
	
		
			
			
			
			
		
	
	
		
			
			
			
			
		
	
	
		
			
			
			
			
		
	
	
		
			
		
		
			
			
			
		
	
	
		
			
			
			
			
		
	
	
		
			
			
			
			
		
	
	
		
			
			
			
		
		
			
		
	
	
		
			
			
			
			
		
	
	
		
			
			
			
		
		
			
		
	
	
		
			
			
			
			
		
	
	
		
			
			
			
			
		
	
	
		
			
			
			
			
		
	
	
		
			
			
			
			
		
	
	
		
			
			
			
			
		
	
	
		
			
			
			
			
			
		
	
	
		
			
			
			
			
		
	
	
		
			
		
		
			
			
			
		
	
	
		
			
			
			
			
		
	
	
		
			
		
		
			
			
			
		
	
	
		
			
			
			
			
		
	
	
		
			
			
			
			
		
	
	
		
			
			
			
			
		
	
	
		
			
			
			
			
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Figure 1: The expression of H3K27me3 protein in UCB tissues by Western bloting analysis. Upregulated expression of H3K27me3 was observed in 12/15 of UCB tissues compared to adjacent normal urothelial mucosal tissues. Expression levels were normalized with GAPDH.


3.2. The Expression Dynamics of H3K27me3 Examined by IHC in Bladder Tissue TMA
In IHC study, immunoreactivity of H3K27m3 was observed primarily in the cell nuclei, though occasionally yellowish brown granules could also be seen in the cytoplasm (Figure 2). H3K27me3 expression could be evaluated informatively in 113/126 of UCB tissues and 61/72 of normal bladder tissues. The noninformative samples included unrepresentative samples, samples with too few tumor cells (<300 cells per case), and lost samples. For the noninformative TMA samples, IHC staining was replaced and performed by using whole tissue slides. By using the criteria (cutoff score) for H3K27me3 staining described before, high expression of H3K27me3 was examined in 59/126 (46.8%) of UCB and in 18/72 (25.0%) of normal urothelial bladder epithelial tissues (
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). The rates of high expression of H3K27me3 in UCBs with respect to several standard clinicopathologic features were detailed in Table 1. Correlation analysis demonstrated that high expression of H3K27me3 in UCBs was positively correlated with tumor multiplicity and N classification (
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, Table 1). There was no significant association between H3K27me3 expression and other clinicopathologic features, such as patient gender, age, tumor grade, and T classification (
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, Table 1). 
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Figure 2: The expression of H3K27me3 in UCB and adjacent normal bladder tissues by IHC. (a) High expression of H3K27me3 was shown in a UCB case (case 25), in which more than 80% of carcinoma cells revealed positive staining of H3K27me3 protein in nuclei (100X). (b)