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Abstract
Background
Twist is a basic helix-loop-helix (bHLH) transcriptional factor that has been identified to play an important role in epithelial-mesenchymal transition (EMT)-mediated metastasis through the regulation of E-cadherin expression. However, few authors have examined the expression of Twist and E-cadherin and their prognostic value in patients with esophageal squamous cell carcinoma (ESCC). The purpose of this study is to evaluate the clinical significance of Twist and E-cadherin expression in ESCC.

Methods
We immunohistochemically investigated the relationship between their expression and clinicopathological factors including prognosis in surgical specimens of primary tumors in 166 patients with ESCC.

Results
The expression rate of high Twist was 42.0% and that of preserved E-cadherin was 40.4%. The expression of high Twist and reduced E-cadherin was significantly associated with depth of tumor invasion, lymph node metastasis, distant nodal metastasis, stage and lymphatic invasion, and poor prognosis. High Twist expression significantly correlated with reduced E-cadherin expression. In the preserved E-cadherin group, the 5-year survival rate was better for patients who were low for Twist expression than for those who were high for Twist expression. Multivariate analysis indicated that the combination of low Twist and preserved E-cadherin expression was an independent prognostic factor along with tumor depth, distant nodal metastasis and E-cadherin expression.

Conclusions
Evaluation of Twist and E-cadherin expressions should be useful for determining tumor properties, including prognosis, in patients with ESCC.
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Background
Epithelial-mesenchymal transition (EMT) is essential for morphogenesis during embryonic development and is a key event in the tumor invasion and metastatic processes [1]. E-cadherin, a homophilic Ca2+-dependent cell adhesion molecule located in adherens junctions of epithelia, plays a critical role in the suppression of tumor invasion; its loss of function coincides with increased tumor malignancy [2]. Several EMT-inducing regulators repress E-cadherin transcription via interaction with specific E-boxes of the proximal E-cadherin promoter [3]. Snail-related zinc finger transcription factors are the most prominent ones and we previously examined the relationship between E-cadherin and Snail or Slug expression in ESCC, close relationships were found [4, 5]. Twist, a highly conserved basic helix-loop-helix (bHLH) transcription factor, has been recently identified as a developmental gene with a key role in E-cadherin repression and EMT induction [3]. There has not been any report on the association between Twist and E-cadherin expression in ESCC. The purpose of the present study was to examine the clinical significance of Twist expression in ESCC and the correlation between Twist and E-cadherin expression in ESCC.

Methods
Patients and specimens
The present study involved 166 patients with ESCC (149 men and 17 women) who underwent curative surgery at the Kagoshima University Hospital between January 1987 and December 1998. All patients underwent an esophagectomy with lymph node dissection. The patients ranged in age from 36 to 84 years (mean, 64.3 years). None of these patients underwent endoscopic mucosal resection, palliative resection, preoperative chemotherapy and/or radiotherapy, and none of them had synchronous or metachronous multiple cancers in other organs. Specimens of cancer and adjacent noncancerous tissues were collected from the patients according to the institutional guidelines of our hospital after informed consent had been obtained. Classifications of the specimens were determined according to the International Union Against Cancer tumor-node-metastasis classification system [6]. All of the M1 tumors had distant lymph node metastases. All patients were followed up after discharge with a chest X-ray every 1 to 3 months, computed tomography every 3 to 6 months, and ultrasonography every 6 months. Bronchoscopy and endoscopy were performed when necessary. Follow-up data after surgery were available for all patients with a median follow-up period of 24 months (range, 1-181 months).

Immunohistochemical staining and evaluation
Tumor samples were fixed with 10% formalin in phosphate-buffered saline (PBS), embedded in paraffin, and sectioned into 3-μm slices. They were deparaffinized in xylene and dehydrated with a series of graded ethanol. For antigen retrieval, sections were heated in 10 mM citrate buffer solution for 15 minutes at 95°C for Twist and for 10 minutes at 120°C for E-cadherin, respectively. The endogenous peroxidase activity of specimens was blocked by immersing the slides in a 0.3% hydrogen peroxide (H2O2) solution in methanol for 30 minutes at room temperature. After washing three times with PBS for 5 minutes each, the sections were treated with 1% bovine serum albumin for 30 minutes to block nonspecific reactions at room temperature. The blocked sections were incubated with primary antibody Twist (Santa Cruz Biotechnology, Santa Cruz, CA; H-81, 1:100) or E-cadherin (Takara Biotechnology, Otsu City, Japan, 1:100), diluted in PBS at 4°C for overnight, followed by staining with a streptavidin-biotin peroxidase kit (Nichirei, Tokyo, Japan). The sections were washed in PBS for 5 minutes three times and the immune complex was visualized by incubating the sections with diaminobenzidine tetrahydrochloride. The sections were rinsed briefly in water, counterstained with hematoxylin, and mounted. Normal esophageal epithelium and invasive lobular carcinoma were used as positive controls for E-cadherin and Twist, respectively. Negative controls were created by replacing the primary antibodies with PBS. Evaluation of immunohistochemistry was independently carried out by two investigators (K.S. and I.S.) who were unaware of the clinical data or disease outcome. In cases in which the results of immunohistochemical expression differed between the two observers, slides were evaluated by a third observer (S.N.). For Twist, cytoplasmic immunoreactivity was scored by its extent and intensity. Staining intensity was graded as follows: negative (0), weak (1), moderate (2) and strong (3). Staining extent was rated according to the percentage of positive cells. Samples with no stained tumor cells were rated as 0, those with < 25% of stained tumor cells were rated as 1, those with 25-50% of stained tumor cells were rated as 2, those with 50-75% of stained tumor cells were rated as 3 and those with > 75% of stained tumor cells were rated as 4. The results of staining intensity and extent gave an overall staining score. An overall staining score of 0-5 and 6-7 were regarded as low and high Twist expression, respectively. For E-cadherin, cancer cells were divided into two groups: preserved expression, which indicates cells with the same level of expression as that of normal epithelium distant enough from tumor, and reduced expression, which indicates cells with weak or absent expression compared with normal epithelium (Fig. 1) [7]. To evaluate expression of Twist and E-cadherin, ten fields (within the tumor and at the invasive front) were selected and expression in 1000 tumor cells (100 cells/field) was evaluated using high-power (×200) microscopy.[image: A13046_2009_Article_245_Fig1_HTML.jpg]
Figure 1Expression of Twist and E-cadherin proteins in ESCCs. (A) High expression of Twist. (B) Weak expression of Twist. (C) Negative expression of Twist. (D) Preserved expression of E-cadherin is detected in the cancer adjacent normal tissue. (E) Preserved expression of E-cadherin. (F) Reduced expression of E-cadherin (Original magnification, ×400).





Statistical analysis
Statistical analysis of group differences was done using the X2 and Wilcoxon tests. The Kaplan-Meier method was used for survival analysis and differences in survival were estimated using the log-rank test. Prognostic factors were examined by univariate and multivariate analyses (Cox proportional hazards regression model). P < 0.05 was considered to be statistically significant. All statistical analyses were done with the software package JMP 5 for Windows (SAS Institute, Inc., Cary, NC).


Results
Expressions of Twist and E-cadherin in esophageal squamous cell carcinoma
Twist expression was observed in the cytoplasm of cancer cells in 42.0% of all patients (70 of 166; Fig. 1A). E-cadherin expression was observed on the cell membrane of cancer cells, indicating preserved expression, in 40.4% of all patients (67 of 166; Fig. 1B).

Relationship between the expressions of Twist and E-cadherin and clinicopathological findings
The expression of Twist and E-cadherin was significantly associated with the following clinicopathological parameters: depth of tumor invasion, lymph node metastasis, distant nodal metastasis, stage and lymphatic invasion. Tumors with high Twist expression invaded deeper (P = 0.0044), had more lymph node metastasis (P = 0.038), had more distant nodal metastasis (P = 0.0073), had a more advanced stage (P = 0.0011) and had more lymphatic invasion (P = 0.0011) than those that were low Twist expression. Tumors with reduced E-cadherin expression invaded deeper (P < 0.0001), had more lymph node metastasis (P < 0.0001), had more distant nodal metastasis (P = 0.002), had a more advanced stage (P < 0.0001) and had more lymphatic invasion (P = 0.0008) than those that were preserved E-cadherin expression. Presence of high Twist expression significantly correlated with reduced E-cadherin expression (P = 0.0076) (Table 1).Table 1Twist and E-cadherin expression in relation to clinicopathological findings


	 	 	Twist
	
                              P
                            
	E-cadherin
	
                              P
                            

	 	Total
( n = 166)
	High
	Low
	 	Preserved
	Reduced
	 
	 	 	n = 70 (40.2%)
	n = 96 (57.8%)
	 	n =67 (40.4%)
	n =99 (59.6%)
	 
	Age
	 	65.1 ± 9.0
	63.7 ± 9.4
	0.52
	63.6 ± 9.8
	64.8 ± 8.9
	0.70

	Sex
	 	 	 	 	 	 	 
	   Male
	149 (89.8)
	63 (90.0)
	86 (89.6)
	0.93
	59 (88.1)
	90 (90.9)
	0.56

	   Female
	17 (10.2)
	7 (10.0)
	10 (10.4)
	 	8 (11.9)
	9 (9.1)
	 
	Tumor location
	 	 	 	 	 	 	 
	   Upper
	28 (16.9)
	16 (22.9)
	12 (12.5)
	0.21
	13 (19.4)
	15 (15.2)
	0.70

	   Middle
	76 (45.8)
	29 (41.4)
	47 (49.0)
	 	31 (46.3)
	45 (45.5)
	 
	   Lower
	62 (37.4)
	25 (35.7)
	37 (38.5)
	 	23 (34.3)
	39 (39.4)
	 
	Histology
	 	 	 	 	 	 	 
	   Well
	63 (38.0)
	31 (44.3)
	32 (33.3)
	0.26
	24 (35.8)
	39 (39.4)
	0.13

	   Moderate
	76 (45.8)
	27 (38.6)
	49 (51.0)
	 	36 (53.7)
	40 (40.4)
	 
	   Poor
	27 (16.3)
	12 (17.1)
	15 (15.6)
	 	7 (10.5)
	20 (20.2)
	 
	
                              pT
                            
	 	 	 	 	 	 	 
	   pT1
	46 (27.7)
	10 (14.3)
	36 (37.5)
	0.0044
	33 (49.3)
	13 (13.1)
	<.0001

	   pT2
	25 (15.1)
	10 (14.3)
	15 (15.6)
	 	11 (16.4)
	14 (14.1)
	 
	   pT3
	67 (40.4)
	34 (48.6)
	33 (34.4)
	 	14 (20.9)
	53 (53.5)
	 
	   pT4
	28 (16.9)
	16 (22.9)
	12 (12.5)
	 	9 (13.4)
	19 (19.2)
	 
	
                              pN
                            
	 	 	 	 	 	 	 
	   pN0
	65 (39.2)
	21 (30.0)
	44 (45.8)
	0.038
	44 (65.7)
	21 (21.2)
	<.0001

	   pN1
	101 (60.8)
	49 (70.0)
	52 (54.2)
	 	23 (34.3)
	78 (78.8)
	 
	
                              pM
                            
	 	 	 	 	 	 	 
	   pM0
	118 (71.1)
	42 (60.0)
	76 (79.2)
	0.0073
	58 (86.6)
	60 (60.6)
	0.0002

	   pM1
	48 (28.9)
	28 (40.0)
	20 (20.6)
	 	9 (13.4)
	39 (39.4)
	 
	
                              pStage
                            
	 	 	 	 	 	 	 
	   I
	30 (18.1)
	7 (10.0)
	23 (24.0)
	0.0011
	26 (38.8)
	4 (4.0)
	<.0001

	   IIA
	29 (17.5)
	10 (14.3)
	19 (19.8)
	 	15 (22.4)
	14 (14.1)
	 
	   IIB
	21 (12.7)
	4 (5.7)
	17 (17.7)
	 	10 (14.9)
	11 (11.1)
	 
	   III
	38 (22.9)
	21 (30.0)
	17 (17.7)
	 	7 (10.5)
	31 (31.1)
	 
	   IV
	48 (28.9)
	28 (40.0)
	20 (20.8)
	 	9 (13.4)
	39 (39.4)
	 
	
                              Lymphatic invasion
                            
	 	 	 	 	 	 	 
	   Positive
	107 (64.5)
	55 (78.6)
	52 (54.2)
	0.0010
	33 (49.3)
	74 (74.8)
	0.0008

	   Negative
	59 (35.5)
	15 (21.4)
	44 (45.8)
	 	34 (50.8)
	25 (25.3)
	 
	
                              Venous invasion
                            
	 	 	 	 	 	 	 
	   Positeive
	51 (30.7)
	26 (37.1)
	25 (26.0)
	0.13
	17 (25.4)
	34 (34.3)
	0.22

	   Negative
	115 (69.3)
	44 (62.9)
	71 (74.0)
	 	50 (74.6)
	65 (65.7)
	 
	
                              E-cadherin expression
                            
	 	 	 	 	 	 	 
	   Preserved
	67 (40.4)
	20 (28.6)
	47 (49.0)
	0.0076
	 	 	 
	   Reduced
	99 (59.6)
	50 (71.4)
	49 (51.0)
	 	 	 	 




Relationship between Twist expression and clinicopathological findings according to E-cadherin expression
The tumors were divided into the preserved E-cadherin group and reduced E-cadherin group. In the E-cadherin preserved group, the expression of Twist was related to lymphatic invasion; in the E-cadherin reduced group, the expression of Twist was related to depth of tumor invasion and stage (Table 2).Table 2Relationship between Twist expression and clinicopathological findings according to E-cadherin expression


	 	E-cadherin preserved
	
                              P
                            
	E-cadherin reduced
	
                              P
                            

	Characteristics
	Twist high
	Twist low
	 	Twist high
	Twist low
	 
	 	n = 20 (29.9%)
	n = 47 (70.2%)
	 	n =50 (50.5%)
	n = 49 (49.5%)
	 
	
                              Histology
                            
	 	 	 	 	 	 
	   Well
	7 (35.0)
	17 (36.2)
	0.74
	24 (48.0)
	15 (30.6)
	0.20

	   Moderate
	10 (50.0)
	26 (55.3)
	 	17 (34.0)
	23 (46.9)
	 
	   Poor
	3 (15.0)
	4 (8.5)
	 	9 (18.0)
	11 (22.5)
	 
	
                              pT
                            
	 	 	 	 	 	 
	   pT1
	8 (40.0)
	25 (53.2)
	0.28
	2 (4.0)
	11 (22.5)
	0.027

	   pT2
	4 (20.0)
	7 (14.9)
	 	6 (12.0)
	8 (16.3)
	 
	   pT3
	3 (15.0)
	11 (23.4)
	 	31 (62.0)
	22 (44.9)
	 
	   pT4
	5 (25.0)
	4 (8.5)
	 	11 (22.0)
	8 (16.3)
	 
	
                              pN
                            
	 	 	 	 	 	 
	   pN0
	10 (50.0)
	34 (72.3)
	0.082
	11 (22.0)
	10 (20.4)
	0.85

	   pN1
	10 (50.0)
	13 (27.7)
	 	39 (78.0)
	39 (79.6)
	 
	
                              pM
                            
	 	 	 	 	 	 
	   pM0
	16 (80.0)
	42 (89.4)
	0.32
	26 (52.0)
	34 (69.4)
	0.076

	   pM1
	4 (20.0)
	5 (10.6)
	 	24 (48.0)
	15 (30.6)
	 
	
                              pStage
                            
	 	 	 	 	 	 
	   I
	7 (35.0)
	19 (40.4)
	0.24
	0 (0.0)
	4 (8.2)
	0.0022

	   IIA
	2 (10.0)
	13 (27.7)
	 	8 (16.0)
	6 (12.2)
	 
	   IIB
	3 (15.0)
	7 (14.9)
	 	1 (2.0)
	10 (20.4)
	 
	   III
	4 (20.0)
	3 (6.4)
	 	17 (34.0)
	14 (28.6)
	 
	   IV
	4 (20.0)
	5 (10.6)
	 	24 (48.0)
	15 (30.6)
	 
	
                              Lymphatic invasion
                            
	 	 	 	 	 	 
	   Positive
	14 (70.0)
	19 (40.4)
	0.025
	41 (82.0)
	33 (67.4)
	0.092

	   Negative
	6 (30.0)
	28 (59.6)
	 	9 (18.0)
	16 (32.7)
	 
	
                              Venous invasion
                            
	 	 	 	 	 	 
	   Positeive
	8 (40.0)
	9 (19.2)
	0.080
	18 (36.0)
	16 (32.7)
	0.73

	   Negative
	12 (60.0)
	38 (80.9)
	 	32 (64.0)
	33 (67.4)
	 




Relationship between prognosis and expression of Twist and E-cadherin
Seven of the patients died of postoperative complications within 30 days of the beginning of the study period, leaving 159 patients for survival analysis. The 5-year survival rate of patients with tumors with low and high Twist expression was 41.6%, whereas the rate for high Twist expression was 23.0%.There was a significant difference in 5-year survival rate between low and high expression of Twist (P = 0.0014; Fig. 2A). The 5-year survival rate of patients with tumors with preserved and reduced E-cadherin expression was 48.7% and 23.3%, respectively, and the difference was significant (P = 0.0007; Fig. 2B).[image: A13046_2009_Article_245_Fig2_HTML.jpg]
Figure 2The postoperative 5-year survival curve of patients according to the expression of Twist (A) and E-cadherin (B) proteins. There was a significant difference in survival between the patients with high and low expressions of Twist (P = 0.0014). There was also a significant difference in survival between the patients with preserved and reduced expressions of E-cadherin (P = 0.0007).





Relationship between prognosis and Twist expression in the preserved and reduced E-cadherin groups
In the preserved E-cadherin group, the 5-years survival rate was significantly higher for patients low for Twist expression than for those high for Twist expression (P = 0.0099; Fig. 3A). However, in the E-cadherin reduced group, there was no significant difference between patients high and low for Twist expression (Fig. 3B). Moreover, the 5-years survival rate was significantly worse in patients with high Twist and reduced E-cadherin expression tumors than those with low Twist and preserved E-cadherin expression (P < 0.0001; Fig. 4).[image: A13046_2009_Article_245_Fig3_HTML.jpg]
Figure 3The postoperative 5-year survival curves between the patients with high Twist or low Twist expression according to E-cadherin expressions. (A) In the preserved E-cadherin group, the patients with low Twist expression had a better outcome than those with high Twist expression (P = 0.0099). (B) In the reduced E-cadherin group, the survival curve was not significantly different according to the Twist expression (P = 0.25).



[image: A13046_2009_Article_245_Fig4_HTML.jpg]
Figure 4The postoperative 5-year survival curves according to combined expression of Twist and E-cadherin. Five-year survival rate of patients with both low Twist and preserved E-cadherin expression had a significant better outcome than those with the other groups.





Univariate and multivariate analyses of survival
Univariate analysis showed that the following factors were significantly related to postoperative survival: tumor depth, lymph node metastasis, distant metastasis, stage, lymphatic invasion, venous invasion, Twist expression, E-cadherin expression and the combination of Twsit and E-cadherin expression (P < 0.05). Multivariate regression analysis indicated that depth of invasion, distant metastasis, E-cadherin expression and the combination of Twsit and E-cadherin expression were independent prognostic factors (Table 3).Table 3Univariate and multivariate analyses of prognostic factors


	Independent factors
	Univariate P
	Multivariate P
	Hazard ratio
	95% confidence interval

	
                              pT
                            
	 	 	 	 
	   (pT1, 2/pT3, 4)
	<.0001
	<.0001
	2.767
	1.734-4.526

	
                              pN
                            
	 	 	 	 
	   (pN0/pN1)
	<.0001
	0.1490
	1.588
	0.848-3.006

	
                              pM
                            
	 	 	 	 
	   (pM0/pM1)
	<.0001
	0.0042
	2.013
	1.247-3.278

	
                              Lymphatic invasion
                            
	 	 	 	 
	   (Negative/Positive)
	0.0001
	0.6098
	1.159
	0.661-2.060

	
                              Venous invasion
                            
	 	 	 	 
	   (Negative/Positive)
	0.0057
	0.6879
	1.094
	0.704-1.690

	
                              Twist
                            
	 	 	 	 
	   (Low/High)
	0.0021
	0.6635
	0.898
	0.554-1.465

	
                              E-cadherin
                            
	 	 	 	 
	   (Preserved/Reduced)
	0.0007
	0.0307
	2.247
	1.083-4.424

	
                              Combination of Twist and E-cadherin
                            
	 	 	 	 
	   (Twist low + E-cadherin preserved/other groups)
	<.0001
	0.0371
	2.547
	1.059-5.986






Discussion
Ectopic expression of Twist results in loss of E-cadherin-mediated cell-cell adhesion, activation of mesenchymal markers, and induction of cell motility, suggesting that Twist contributes to tumor invasiveness, metastasis and prognosis by promoting an EMT [3]. Recently, up-regulation of Twist has been reported in several types of human cancer [3, 8–12]. The rates of high Twist and reduced E-cadherin expression have been reported as 36-60% and 44-74%, respectively [12–17].
In our present investigation, immunohistochemistry demonstrated that rates of high Twist and reduced E-cadherin expression were 42.0 and 40.4%. Upregulation of Twist [14] expression has been associated with high incidence of distant metastasis and downregulation of E-cadherin [15, 18] expression has been associated with high incidence of lymph node metastasis in ESCC. In this study, depth of tumor invasion, lymph node metastasis, distant nodal metastasis, stage and lymphatic invasion were significantly associated with high Twist or reduced E-cadherin expression.
Additionally, presence of high Twist expression significantly correlated with reduced E-cadherin expression. Inverse correlation between high Twist and reduced E-cadherin expression has been found in liver, endometrial, bladder and prostate human cancer cells [12, 13, 19, 20]. Thus, the present results are almost consistent with previous reports. Prognosis was poorer in patients with high Twist expression than in those with low Twist expression. Similarly, the prognosis was worse in patients with reduced E-cadherin than those in with preserved E-cadherin expression, which agrees with previous reports. The patients with both low Twist and preserved E-cadherin expression had the best clinical outcome according to univariate analysis and it was an independent prognostic factor on multivariate analysis. On the strength of these data, we speculate that high Twist expression may promote EMT by dysregulation of the E-cadherin expression pattern in ESCC.
However, some patients with preserved E-cadherin expression had poor prognosis. In the preserved E-cadherin group, the patients were high for Twist expression had more lymphatic invasion and worse prognosis. Thus, it seems that Twist not only suppresses the function of E-cadherin but also promotes lymphatic invasion in the preserved E-cadherin group and several hypotheses might explain. Twist has been recently identified as a developmental gene with a key role in E-cadherin repression and EMT induction. Twist gene is also a newly-know potential oncogene and metastasis related gene [3, 21]. Twist can inhibit myc oncogene- and p53-dependent apoptosis in mouse embryonic fibroblasts [21] and NF-κB pathway dependent apoptosis [22]. It also suppresses cellular differentiation and protects apoptosis through inhibition of p21WAF1/Cip1, inhibitor of cyclin-dependent kinases, via both p53-dependent and independent pathways [23]. Mesenchyme Forkhead 1 (FOXC2) which induced by Twist, Snail, Goosecoid and TGF-β1 plays a central role in promoting invasion and metastasis in human basal-like breast cancers [24]. Twist expression is regulated by Wnt/β-catenin signaling and that both Wnt and Twist can function as inhibitors of lactogenic differentiation, an effect that could contribute to mammary tumorigenesis [25]. These reports might explain the aggressive behavior of the patients with high Twist expression.
Snail, Slug and Twist are transcriptional factors that regulate the expression of E-cadherin. We have previously studied the expression of Snail [4], Slug [5] and Twist [this study] in ESCC patients. Subjects were 194, 206 and 166, respectively, of which 110 were shared subjects. We reexamined the correlation of the expression of Snail, Slug, Twist and E-cadherin in 110 ESCC patients. The expression of Twist was significantly associated with Snail, Slug and E-cadherin, respectively (P = 0.0266, P = 0.0137 and P = 0.0024). The univariate analyses of combination of Twist and Snail expression (Twist negative + Snail negative/others) and Twist and Slug expression (Twist negative + Slug negative/others) showed significantly correlation, respectively (P = 0.0015 and P = 0.0017). These data demonstrated that all three transcription factors have inappropriate expressed in ESCC and these factors are significantly correlated with each other.

Conclusions
Twist or E-cadherin expression was associated with tumor properties, including depth of tumor invasion, lymph node metastasis, distant nodal metastasis, stage, lymphatic invasion and prognosis. Evaluation of Twist and/or E-cadherin expression is useful for determining malignant properties, including clinical outcome in patients with ESCC.

Acknowledgements
We thank our laboratory assistants for their technical support. This study was supported in part by grants-in-aid for scientific research from the Ministry of Education, Science, Sports and Culture, Japan (Grant no. 17390373 and 19591549)

References
1.
Vernon AE, LaBonne C: Tumor metastasis: a new twist on epithelial- mesenchymal transitions. Curr Biol. 2004, 14: R719-721. 10.1016/j.cub.2004.08.048.CrossRef

2.
Rosivatz E, Becker I, Specht K, Fricke E, Luber B, Busch R, Hofler H, Becker KF: Differential expression of the epithelial-mesenchymal transition regulators snail, SIP1, and twist in gastric cancer. Am J Pathol. 2002, 161: 1881-1891.CrossRef

3.
Yang J, Mani SA, Donaher JL, Ramaswamy S, Itzykson RA, Come C, Savagner P, Gitelman I, Richardson A, Weinberg RA: Twist, a master regulator of morphogenesis, plays an essential role in tumor metastasis. Cell. 2004, 117: 927-939. 10.1016/j.cell.2004.06.006.CrossRef

4.
Natsugoe S, Uchikado Y, Okumura H, Matsumoto M, Setoyama T, Tamotsu K, Kita Y, Sakamoto A, Owaki T, Ishigami S, Aikou T: Snail plays a key role in E-cadherin-preserved esophageal squamous cell carcinoma. Oncol Rep. 2007, 17: 517-523.

5.
Uchikado Y, Natsugoe S, Okumura H, Setoyama T, Matsumoto M, Ishigami S, Aikou T: Slug Expression in the E-cadherin preserved tumors is related to prognosis in patients with esophageal squamous cell carcinoma. Clin Cancer Res. 2005, 11: 1174-1180.

6.
Sobin LH, Fleming ID: TNM Classification of Malignant Tumors, fifth edition (1997). Union Internationale Contre le Cancer and the American Joint Committee on Cancer. Cancer. 1997, 80: 1803-1804. 10.1002/(SICI)1097-0142(19971101)80:9<1803::AID-CNCR16>3.0.CO;2-9.CrossRef

7.
Shiozaki H, Tahara H, Oka H, Miyata M, Kobayashi K, Tamura S, Iihara K, Doki Y, Hirano S, Takeichi M, Mori T: Expression of immunoreactive E-cadherin adhesion molecules in human cancers. Am J Pathol. 1991, 139: 17-23.

8.
Hoek K, Rimm DL, Williams KR, Zhao H, Ariyan S, Lin A, Kluger HM, Berger A J, Cheng E, Trombetta ES, Wu T, Niinobe M, Yoshikawa K, Hannigan GE, Halaban R: Expression profiling reveals novel pathways in the transformation of melanocytes to melanomas. Cancer Res. 2004, 64: 5270-5282. 10.1158/0008-5472.CAN-04-0731.CrossRef

9.
Elias MC, Tozer KR, Silber JR, Mikheeva S, Deng M, Morrison RS, Manning TC, Silbergeld DL, Glackin CA, Reh TA, Rostomily RC: TWIST is expressed in human gliomas and promotes invasion. Neoplasia. 2005, 7: 824-837. 10.1593/neo.04352.CrossRef

10.
Kwok WK, Ling MT, Lee TW, Lau TC, Zhou C, Zhang X, Chua CW, Chan KW, Chan FL, Glackin C, Wong YC, Wang X: Up-regulation of TWIST in prostate cancer and its implication as a therapeutic target. Cancer Res. 2005, 65: 5153-5162. 10.1158/0008-5472.CAN-04-3785.CrossRef

11.
Entz-Werle N, Stoetzel C, Berard-Marec P, Kalifa C, Brugiere L, Pacquement H, Schmitt C, Tabone MD, Gentet JC, Quillet R, Oudet P, Lutz P, Babin-Boilletot A, Gaub MP, Perrin-Schmitt F: Frequent genomic abnormalities at TWIST in human pediatric osteosarcomas. Int J Cancer. 2005, 117: 349-355. 10.1002/ijc.21068.CrossRef

12.
Kyo S, Sakaguchi J, Ohno S, Mizumoto Y, Maida Y, Hashimoto M, Nakamura M, Takakura M, Nakajima M, Masutomi K, Inoue M: High Twist expression is involved in infiltrative endometrial cancer and affects patient survival. Hum Pathol. 2006, 37: 431-438. 10.1016/j.humpath.2005.12.021.CrossRef

13.
Zhang Z, Xie D, Li X, Wong YC, Xin D, Guan XY, Chua CW, Leung SC, Na Y, Wang X: Significance of TWIST expression and its association with E-cadherin in bladder cancer. Hum Pathol. 2007, 38: 598-606. 10.1016/j.humpath.2006.10.004.CrossRef

14.
Yuen HF, Chan YP, Wong ML, Kwok WK, Chan KK, Lee PY, Srivastava G, Law SY, Wong YC, Wang X, Chan KW: Upregulation of Twist in oesophageal squamous cell carcinoma is associated with neoplastic transformation and distant metastasis. J Clin Pathol. 2007, 60: 510-514. 10.1136/jcp.2006.039099.CrossRef

15.
Nakanishi Y, Ochiai A, Akimoto S, Kato H, Watanabe H, Tachimori Y, Yamamoto S, Hirohashi S: Expression of E-cadherin, alpha-catenin, beta-catenin and plakoglobin in esophageal carcinomas and its prognostic significance: immunohistochemical analysis of 96 lesions. Oncology. 1997, 54: 158-165. 10.1159/000227681.CrossRef

16.
Krishnadath KK, Tilanus HW, van Blankenstein M, Hop WC, Kremers ED, Dinjens WN, Bosman FT: Reduced expression of the cadherin-catenin complex in oesophageal adenocarcinoma correlates with poor prognosis. J Pathol. 1997, 182: 331-338. 10.1002/(SICI)1096-9896(199707)182:3<331::AID-PATH860>3.0.CO;2-D.CrossRef

17.
Richmond PJ, Karayiannakis AJ, Nagafuchi A, Kaisary AV, Pignatelli M: Aberrant E-cadherin and alpha-catenin expression in prostate cancer: correlation with patient survival. Cancer Res. 1997, 57: 3189-3193.

18.
Setoyama T, Natsugoe S, Okumura H, Matsumoto M, Uchikado Y, Yokomakura N, Ishigami S, Aikou T: alpha-catenin is a significant prognostic factor than E-cadherin in esophageal squamous cell carcinoma. J Surg Oncol. 2007, 95: 148-155. 10.1002/jso.20610.CrossRef

19.
Lee TK, Poon RT, Yuen AP, Ling MT, Kwok WK, Wang XH, Wong YC, Guan XY, Man K, Chau KL, Fan ST: Twist overexpression correlates with hepatocellular carcinoma metastasis through induction of epithelial-mesenchymal transition. Clin Cancer Res. 2006, 12: 5369-5376. 10.1158/1078-0432.CCR-05-2722.CrossRef

20.
Yuen HF, Chua CW, Chan YP, Wong YC, Wang X, Chan KW: Significance of TWIST and E-cadherin expression in the metastatic progression of prostatic cancer. Histopathology. 2007, 50: 648-658. 10.1111/j.1365-2559.2007.02665.x.CrossRef

21.
Maestro R, Dei Tos AP, Hamamori Y, Krasnokutsky S, Sartorelli V, Kedes L, Doglioni C, Beach DH, Hannon GJ: Twist is a potential oncogene that inhibits apoptosis. Genes Dev. 1999, 13: 2207-2217. 10.1101/gad.13.17.2207.CrossRef

22.
Sosic D, Olson EN: A new twist on twist--modulation of the NF-kappa B pathway. Cell Cycle. 2003, 2: 76-78.CrossRef

23.
Funato N, Ohtani K, Ohyama K, Kuroda T, Nakamura M: Common regulation of growth arrest and differentiation of osteoblasts by helix-loop-helix factors. Mol Cell Biol. 2001, 21: 7416-7428. 10.1128/MCB.21.21.7416-7428.2001.CrossRef

24.
Mani SA, Yang J, Brooks M, Schwaninger G, Zhou A, Miura N, Kutok JL, Hartwell K, Richardson AL, Weinberg RA: Mesenchyme Forkhead 1 (FOXC2) plays a key role in metastasis and is associated with aggressive basal-like breast cancers. Proc Natl Acad Sci USA. 2007, 104: 10069-10074. 10.1073/pnas.0703900104.CrossRef

25.
Howe LR, Watanabe O, Leonard J, Brown AM: Twist is up-regulated in response to Wnt1 and inhibits mouse mammary cell differentiation. Cancer Res. 2003, 63: 1906-1913.



Competing interests
The authors declare that they have no competing interests.

Authors' contributions
All the authors contributed as mentioned. KS and SN conceived of the study and drafted the manuscript. SI, MM, HO, TS, YU, YK, KT, AS, and TO participated in designing the study and helped to write the paper. TA supervised the entire study. All authors have read and approved the final manuscript.


OEBPS/A13046_2009_Article_245_Fig1_HTML.jpg





OEBPS/sidebar.gif





OEBPS/A13046_2009_Article_245_Fig4_HTML.jpg
Survival rate

— Tyiist low and E-cadherin preserved
Twist high and E-cadherin preserved
Twist low and E-cadherin reduced
Twist high and E-cadherin reduced

10

20 30 40 50 60
Months after surgery





OEBPS/A13046_2009_Article_245_Fig3_HTML.jpg
>

Survival rate

11 Preserved E-cadherin group
81 Twist low
61
41
Twist high

2|
01P= 0.0099

0 10 20 30 40 50 60

Months after surgery

sy}

Survival rate

Reduced E-cadherin group

Twist low

Twist high

p=025

0 10 20 30 40 50 60
Months after surgery





OEBPS/contact.gif





OEBPS/A13046_2009_Article_245_Fig2_HTML.jpg
>

Survival rate

Twist low

Twist high

p = 0.0014

0 10 20 30 40 50 60
Months after surgery

w

Survival rate

E-cadherin preserved

E-cadherin reduced

p=0.0007

0 10 20 30 40 50 60
Months after surgery





