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Clinical impact of MUC1 and MUC4 expression in Barrett-associated oesophageal adenocarcinoma

Aims: To study the expression of MUC1 and MUC4 mucins in Barrett-associated oesophageal adenocarcinoma and coexisting lesions of the carcinogenic sequence (normal mucosa, metaplasia, dysplasia) if present, and to investigate their *At the last follow-up. R0, microscopically and macroscopically complete resection; R1, microscopically incomplete resection; TNM, tumour, node, metastases.

Take-home messages c MUC1 and MUC4 membrane-bound mucins are frequently and strongly expressed in Barrett-associated oesophageal adenocarcinoma (OA) and coexisting precancerous lesions, suggesting their potential role in tumour progression. c The present study does not support any role for MUC1 or MUC4 as diagnostic tools to facilitate early detection of OA. c MUC1 and MUC4 immunohistochemical expression was not associated with prognosis in this large cohort of 52 patients with resected OA.
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prognostic significance. Methods: The expression profiles of MUC1 and MUC4 were investigated by immunohistochemistry in tissue samples obtained from consecutive patients with primary surgically resected lower third oesophageal adenocarcinoma (OA) between 1997 and 2002. Histopathological parameters, recurrence and long-term survival were correlated with the number of cells stained. Results: All 52 patients exhibited OA, with 25 patients (48.1%) having associated Barrett oesophagus lesions (metaplasia or/and dysplasia). MUC1 and MUC4 were expressed in 52 and 41 of the 52 patients with adenocarcinoma (100% and 78%), respectively. All samples expressed MUC1 strongly. The prevalence of MUC4 staining was significantly decreased in metaplasia compared with normal mucosa (53% versus 92%, p,0.001). No correlation was found between the level of MUC1 or MUC4 expression in OA and histopathological variables, recurrence or survival. Conclusions: MUC1 and MUC4 are strongly expressed in OA. The results do not support a role for membranebound mucin as either a phenotypic or a prognostic marker for = the development of Barrett OA.

Despite recent advances in multimodal therapy, the prognosis for invasive oesophageal adenocarcinoma (OA) developed in Barrett oesophagus (BO) remains poor, reflecting the early dissemination of this disease. [START_REF] Mariette | Therapeutic strategies in oesophageal carcinoma: role of surgery and other modalities[END_REF] Early detection of malignant progression is the key factor for improving the outcome of OA. The use of molecular markers, in addition to endoscopic and histological evaluation, could significantly enhance the detection of OA.

Among the possible molecular markers, mucins appear to be good candidates for evaluation. Mucins are large glycoproteins that are either secreted or membrane bound. Membrane-bound mucins, including MUC1 and MUC4, are usually at the apical surface of polarised epithelia. Under normal conditions they provide a steric barrier and constitute a second line of defence. [START_REF] Hollingsworth | Mucins in cancer: protection and control of the cell surface[END_REF] Membranebound mucins are thought to play important roles in tumour cell biology, cell proliferation, tumour progression and metastasis. [START_REF] Hollingsworth | Mucins in cancer: protection and control of the cell surface[END_REF] They were recently emphasised as potent actors in the carcinogenetic process of OA. 3 4 In normal oesophagus, MUC1 and MUC4 are the main mucin genes expressed in the stratified squamous epithelium. In high-grade dysplasia and OA, expression of genes encoding MUC1 and MUC4 is sustained in a variable proportion of patients, suggesting a potential role for MUC1 and MUC4 as phenotypic markers. [START_REF] Chinyama | Expression of MUC1 and MUC2 mucin gene products in Barrett's metaplasia, dysplasia and adenocarcinoma: an immunopathological study with clinical correlation[END_REF][START_REF] Piessen | Mucin expression and regulation in oesophageal cancer: New molecular targets in cancer progression from Barrett's oesophagus to adenocarcinoma? In: Van Seuningen I, ed. The epithelial mucins: structure/function. Roles in cancer and inflammatory diseases[END_REF][START_REF] Bax | MUC4 is increased in high grade intraepithelial neoplasia in Barrett's oesophagus and is associated with a proapoptotic Bax to Bcl-2 ratio[END_REF] The prognostic role of MUC1 and MUC4 expression has been demonstrated in other tumour locations such as breast, stomach, liver and pancreas, but it has not been evaluated in OA. 3 8 9 The aim of this work was (i) to study the expression of MUC1 and MUC4 mucins in Barrettassociated OA and in coexisting lesions of the carcinogenic sequence, and (ii) to evaluate their potential value as phenotypic and prognostic markers.

MATERIALS AND METHODS Histological analysis and immunohistochemistry

The study subjects consisted of 52 consecutive patients who underwent curative oesophagectomy without neoadjuvant treatment for lower third OA between 1997 and 2002. A consent form was obtained from each patient, and permission for removal of surgical samples was obtained from the institutional review board. For each patient, morphological examination of the surgical specimen allowed us to obtain samples of tumour, normal control mucosa, and, if present, metaplasia and/or dysplasia associated with Barrett mucosa. Samples were processed for paraffin embedding. Tissue sections (4 mm) were stained with H&E to confirm histological diagnosis of adenocarcinoma and to identify the different steps of pathological sequence (intestinal metaplasia, low-grade and high-grade dysplasia) in Barrett mucosa. The diagnosis was assessed by two independent pathologists.

Immunohistochemistry was performed as previously described, with the monoclonal antibodies anti-MUC1 (LICR-LON-M8, 1:50 dilution) and anti-MUC4 (clone 8G7, 1:20 000 dilution). 3 4 A positive control for MUC1 and MUC4 immunostaining was included in each set of experiments on human lung sections. A negative control was run by omitting the primary antibody. The percentages of positively stained cells were classified as follows: none: 0, 1-10%, 11-50% and .50%. Patients were divided into two groups based on a cut-off value of 50% or 10% for statistical analysis.

Statistical analysis

The survival status of patients was ascertained in January 2008 and median follow-up was 50 months (range 12-228 months). Ordinal data and survival curves were compared with the x 2 test and the log rank test, respectively. SPSS version 15.0 software (SPSS, Chicago, Illinois, USA) was used for statistical analysis. The mucin staining patterns are detailed in table 1. Among 52 patients with OA, 25 patients (48.1%) had various BO lesions, including intestinal metaplasia (36.5%), low-grade dysplasia (25.0%) and high-grade dysplasia (28.8%). Strong positive staining of MUC1 was seen in all but three specimens. Positive staining of MUC4 was seen in 92% of the normal mucosa specimens and it decreased to 53% (p,0.001) in metaplasia. No significant differences were found between metaplasia and low-grade dysplasia (53% versus 62%, p = 0.99), low-and high-grade dysplasias (62% versus 60%, p = 0.95), or high-grade dysplasia and OA (60% versus 78%, p = 0.99). The distribution of the number of stained cells did not differ significantly between the different steps of the carcinogenetic process (not shown).

RESULTS

MUC1 and MUC4 expression in OA and coexisting lesions

Histopathological characteristics of resected OA and long term follow-up

The histopathological characteristics of resected OA and long-term follow-up results are summarised in table 2. The postoperative mortality rate was 4% (n = 2). Recurrence was only considered in long term survival patients who underwent microscopic and macroscopic complete (R0) resection (n = 41). At the time of writing, 28 (60%) patients had experienced recurrence, with median time to recurrence of 11 months (range 6-80 months). The median (SD) survival of patients was 36 (4.2) months.

Association between MUC1 and MUC4 expression in OA and clinicopathological features

All but two cases expressed MUC1 strongly, so it was not descriptive of clinicopathological parameters. We evaluated the association between MUC4 expression and clinicopathological features using a cut-off value of 50% positively stained neoplastic cells (table 2). There was no significant correlation between MUC4 staining and the type of resection, depth of tumour invasion, lymph node metastasis, pTNM (tumour, node, metastases) stage, tumour differentiation, recurrence or survival. Statistical analyses were also performed by either (i) using a cut-off value of 10% or (ii) calculating the ratio between the number of cells stained in adenocarcinoma and normal mucosa. These analyses also did not yield a statistical correlation between MUC4 expression and any clinicopathological feature (not shown).

DISCUSSION

Several smaller sample studies have reported downregulation of MUC1 and MUC4 between normal mucosa and metaplasia and upregulation in the progression of OA at the mRNA level and the protein level. 3 5-7 The authors have consequently proposed that a high level of MUC1 protein or MUC4 mRNA expression could serve as a reliable tumour marker in this process. 5 7 In accordance with other groups, and despite the fact that we deliberately analysed entire surgical specimens of resected OA, our results do not support any role for MUC1 or MUC4 protein expression as a diagnostic tool to facilitate early detection of high-grade dysplasia or OA. 10 11 An entire surgical specimen may provide better information than random sample biopsies by allowing the analysis of both carcinomatous and coexisting lesions (metaplasia, dysplasia). The wide variability of results between studies raises the question of antibody specificity, especially when recognising glycan motifs that may be brought by surface glycoproteins and other mucins. In our study, we used an antibody that recognises a peptide motif specific to MUC4 and which does not react with other mucins. [START_REF] Piessen | Regulation of the human mucin MUC4 by taurodeoxycholic and taurochenodeoxycholic bile acids in oesophageal cancer cells is mediated by hepatocyte nuclear factor 1alpha[END_REF] Two groups previously reported high expression of MUC1 in advanced OA. 5 12 In accordance with Flucke et al, our results do not support any correlation between MUC1 or MUC4 with clinicopathological features in OA. [START_REF] Flucke | Immunoreactivity of cytokeratins (CK7, CK20) and mucin peptide core antigens (MUC1, MUC2, MUC5AC) in adenocarcinomas, normal and metaplastic tissues of the distal oesophagus, oesophago-gastric junction and proximal stomach[END_REF] One could argue that there is a lack of statistical power in our study. However, due to the absence of any statistical trend, we deduce no major clinical role for MUC1 or MUC4 as prognostic markers in OA and, therefore the study will not be extended. The raised expression of MUC1 and MUC4 in adenocarcinomas is usually associated with more invasiveness and worse prognosis. 6 9 However, improved survival and decreased recurrence have also been reported in breast and stomach cancers for MUC1, and in upper aerodigestive tract tumours for MUC4, suggesting a potential duality of function for membrane-bound mucins. 3 6 8 13 The present study confirmed that most OAs express MUC1 and MUC4, but it did not support (i) any role as diagnostic tools to facilitate early detection of OA in BO, and (ii) any correlation between MUC1 or MUC4 expression and prognosis. 

Figure 1

 1 Figure 1 shows representative examples of the expression profiles of MUC1 and MUC4 apomucins in OA and coexisting lesions during the progression of OA. In normal mucosa, MUC1 and MUC4 were expressed in the cytoplasm of superficial epithelial cells (fig 1A, B). In metaplasia, MUC1 and MUC4 expression was in the cytoplasm of non-goblet columnar cells and goblet cells (fig 1C, D). In dysplasia (fig 1E-H) and adenocarcinoma (fig 1I, J), MUC1 and MUC4 expression was diffuse and heterogeneous in both the cytoplasm and on the apical membrane of cells (fig 1E-J).The mucin staining patterns are detailed in table 1. Among 52 patients with OA, 25 patients (48.1%) had various BO lesions, including intestinal metaplasia (36.5%), low-grade dysplasia
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 11 Figure 1 Expression of MUC1 and MUC4 apomucins during the progression of Barrett-associated oesophageal adenocarcinoma. Immunohistochemical studies of normal oesophageal mucosa (A, B), Barrett metaplasia (C, D), low-grade dysplasia (E, F), high-grade dysplasia (G, H) and oesophageal adenocarcinoma (I, J) were carried out with anti-MUC1 (A, C, E, G, I) and anti-MUC4 (B, D, F, H, J) specific monoclonal antibodies (magnification 6200).

Table 1

 1 Expression of MUC1 and MUC4 apomucins by immunohistochemistry according to histopathological analysis

	Histological	No. of patients	Stained cells	MUC1 (% of	MUC4 (% of
	diagnosis	analysed	(%)	specimen)	specimen)
	Normal	52	0	0	8
	oesophageal				
	mucosa				
			1-10	0	20
			11-50	0	47
			.50	100	25
	Metaplasia	19	0	0	47
			1-10	0	42
			11-50	4	11
			.50	96	0
	Low-grade	13	0	0	38
	dysplasia				
			1-10	0	31
			11-50	0	23
			.50	100	8
	High-grade	15	0	0	40
	dysplasia				
			1-10	0	13
			11-50	0	34
			.50	100	13
	Adenocarcinoma 52	0	0	22
			1-10	0	37
			11-50	4	28
			.50	96	13

Table 2

 2 Histopathological characteristics, long-term follow-up results, and their correlation with MUC4 apomucin expression by immunohistochemistry in 52 patients with oesophageal adenocarcinoma

				MUC4		
				Percentage of cells	
			Population	stained		
	Variable		n = 52 (%)	(50%	.50%	p Value
	Type of	R0	41 (79)	36	5	0.203
	resection					
		R1	11 (21)	9	2	
	Depth of tumour	pT1	14 (27)	13	1	0.711
	invasion					
		pT2	8 (15)	7	1	
		pT3	27 (52)	23	4	
		pT4	3 (6)	2	1	
	Lymph node	pN0	20 (38)	19	1	0.276
	metastasis					
		pN1	32 (62)	26	6	
	pTNM stage	Stage I	12 (23)	10	1	0.511
		Stage IIA	8 (15)	7	0	
		Stage IIB	8 (15)	7	1	
		Stage III	24 (47)	21	5	
	Tumour	Well	21 (40)	19	4	0.858
	differentiation					
		Moderate 20 (38)	18	2	
		Poor	11 (22)	10	1	
	Recurrence*	No	15 (37)	13	2	0.438
	(n = 41)					
		Yes	26 (63)	21	5	
	Alive* (n = 50) No	36 (72)	31	5	0.971
		Yes	14 (28)	12	2	
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