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Loss of MUC1 decreases proliferation and tumor growth via b-catenin and p42-44 MAPK. Inhibition of MUC1 decreases cell migration and invasion through MMP13. Loss of MUC1 decreases survival and increases apoptosis via Akt and Bcl-2

Introduction

The mucins are a family of large O-glycoproteins divided into 43 two groups: secreted mucins and membrane-bounds mucins [START_REF] Jonckheere | The membrane-bound mucins: how large O-338 glycoproteins play key roles in epithelial cancers and hold promise as 339 biological tools for gene-based and immunotherapies[END_REF]. Capan-2 cell line was purchased from ATCC and was cultured as 87 described previously [START_REF] Skrypek | The MUC4 mucin mediates gemcitabine resistance of human 392 pancreatic cancer cells via the concentrative nucleoside transporter family[END_REF]. Capan-2 stable cell lines knocked-down 88 (KD) for MUC1 (Capan-2 MUC1-KD1/2) were generated by retro-89 viral infection as previously described [START_REF] Gronnier | The MUC1 mucin regulates the tumorigenic properties of human 396 esophageal adenocarcinomatous cells[END_REF] using MUC1-Sh1 pri- (p < 0.01) was found 28 days post xenografts when compared to 235 control Mock cells (Fig. 3A). Tumor weights were also significantly 236 decreased for MUC1-KD1 (p < 0.05) and for MUC1-KD2 (p < 0.01) 237 (Fig. 3B). We confirmed by IHC the down-expression of MUC1 in 238 SC xenografts (Fig. 3C). Altogether these results indicate that inhi-239 biting MUC1 in vivo slow-down pancreatic tumor growth. The oncomucin MUC1 is overexpressed in several epithelial 252 cancers [12] including PDAC in which MUC1 overexpression is 253 associated with a short survival rate [START_REF] Winter | 370 A novel survival-based tissue microarray of pancreatic cancer validates MUC1 371 and mesothelin as biomarkers[END_REF]. In this report we have shown that the inhibition of MUC1 in esophageal carcinoma 263 decreased MMP13 expression and cell proliferation and migration 264 [START_REF] Gronnier | The MUC1 mucin regulates the tumorigenic properties of human 396 esophageal adenocarcinomatous cells[END_REF]. MUC1 is composed of two subunits MUC1-N and MUC1-C. The results of our study also suggest that inhibiting MUC1 303 is able to interact with Bax to block its pro-apoptotic function 304 [START_REF] Ahmad | The MUC1-C oncoprotein binds to the 425 BH3 domain of the pro-apoptotic BAX protein and blocks BAX function[END_REF] or to increase Bcl-x L anti-apoptosis protein level to increase 305 cell survival and apoptosis [START_REF] Raina | The MUC1 oncoprotein activates the anti-358 apoptotic phosphoinositide 3-kinase/Akt and Bcl-xL pathways in rat 3Y1 359 fibroblasts[END_REF]. Thus, we propose that MUC1 
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 221 Secreted mucins are involved in the protection of epithelial cells 45 to external influences such as inflammation, pathogens or pH var-results confirmed the potential of MUC1 as an attractive target to 83 slow-down PDAC progression. 84 Materials and methods 85 Cell culture and establishment of MUC1-KD stable cell lines 86
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 2 Cell proliferation, migration and invasion assays 97 Stable cell lines were seeded at 10 5 cells per well in 6-well 98 plates. Cells were counted daily using a Malassez counting cham-99 ber using Trypan Blue exclusion dye (Life Technologies) during 100 96 h. Invasion and migration assays were respectively performed 101 using 24-well Boyden chambers (8 lm pores) coated or not with 102 Matrigel™ (Pharmingen, BD Biosciences). Briefly, 5 Â 10 4 cells 103 were seeded on the top chamber and FBS 10% (v/v) was used as 104 a chemoattractant in the bottom chamber for 24 h. Staining were 105 performed using Vectashield hard set mounting medium with 106 DAPI H-1500 (4 0 ,6 0 -diamidino-2-phénylindole) (Vector labs). Three 107 independent experiments were performed in triplicate.

  were seeded in 96-well plates during 24 h. Medium 110 was refreshed with gemcitabine, 5-Fu, oxaliplatin or SN-38 111 for 72 h. The viability of cells was determined using 3-(4, 112 5-dimethylthiazol-2-yl)-
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 3 Results 179 3.1. Silencing of MUC1 in Capan-2 PDAC cell line 180 In order to study the functional role of MUC1 in PDAC we gen-181 erated two stable cell lines knocked-down for MUC1 by short-182 hairpin RNA (Sh-RNA) approach. The MUC1 decreased expression 183 in MUC1-KD cells compared to control Mock cells was confirmed 184 by qRT-PCR (Fig.1A) (p < 0.05) and by Western-blot (Fig.1B).
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 23334551 Fig. 1. Establishment of Capan-2 MUC1-KD cells. (A) Analysis of MUC1 mRNA expression in Capan-2 MUC1-KD1 and MUC1-KD2 cell lines by qRT-PCR. MUC1 expression was normalized to control GAPDH. MUC1 expression in Mock cells was arbitrarily set to 1 (p < 0.05 ⁄ ). (B) Analysis of MUC1 protein expression by Western-blot. (C) Measurement of cell proliferation for 96 h by cell counting and trypan blue exclusion dye (p < 0.01 ⁄⁄ ). (D) Analysis of MUC1, b-catenin, cyclin D1, phospho-p42-44 MAPK, p42-44 MAPK, and CDK6 expression by Western-blot. b-Actin was used as internal control.
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 36 Expression of MUC1 and MMP13 in human PDAC samples 241 To correlate our MUC1/MMP13 data obtained in PDAC cell lines 242 with human PDAC samples we used PDAC datasets of the NCBI 243 Gene Expression Omnibus (GEO, GSE28735) database. MUC1 and 244 MMP13 mRNA expression was measured in 45 tumors (PDAC) 245 and adjacent non tumor tissues (Control). We observed that 246 MUC1 and MMP13 expression was significantly increased in PDAC 247 tumors (p < 0.001) compared to control samples (Fig. 3D) 248 indicating a correlation between MUC1 and MMP13 overexpres-
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 2 Fig. 2. In vitro biological properties of Capan-2 MUC1-KD cells. (A) Results are expressed as a percentage of migration or invasion of cells compared to the control Mock cells (100%). The DAPI staining is shown (p < 0.05 ⁄ or p < 0.01 ⁄⁄ ). (B) Analysis of MMP13 protein expression by Western-blot. (C) Analysis of P-Akt, Akt and Bcl-2 protein expression by Western-blot. (D) Measurement of cell survival after 72 h of treatment of Capan-2 MUC1-KD cells with 40 nM of gemcitabine or 1 lM of 5-Fu, 1 lM of oxaliplatin and 3 nM of SN-38 (p < 0.05 ⁄ or p < 0.01 ⁄⁄ ).

  278 decreases both in vitro cell proliferation and in vivo tumor growth. 279 Additionally, we observed a decrease of cell proliferation markers 280 such as cyclin D1, b-catenin and p42-44 MAPK. It was previously 281 identified that MUC1 is able to co-activate the expression of cyclin 282 D1 through its interaction with b-catenin on the promoter of cyclin 283 D1 gene thus favoring cell proliferation [22]. Moreover, MUC1 is 284 able to activate the p42-44 MAPK pathway through its interaction 285 with tyrosine kinase receptor [5]. Thus inhibiting MUC1 leads to 286 decreased cell proliferation through the Wnt/b-catenin and the 287 p42-44 MAPK pathways. 288 The mucin MUC1 is able to activate the PI3K/Akt survival path-289 way [7]. Thus the activation of this pathway may result from an 290 increase of cell chemoresistance through the up-regulation of 291 MDR-related Protein (MRP) detoxifying channels by the co-binding 292 of MUC1 on the MRP1 promoter with an unknown factor [14]. Thus 293 the inhibition of MUC1 and the decrease of both Akt and gemcita-294 bine resistance in MUC1-KD cells confirms this hypothesis. We also 295 observed an increase of cell sensitivity to 5-Fu in MUC1-KD cells. It 296 was previously shown that inhibition of mucin O-glycosylation by 297 benzyl-alpha-GalNAc is important for 5-Fu sensitization [23,24]. 298 However, for the first time we show a direct implication of 299 MUC1 protein in cancer cell sensitivity to 5-Fu. Additionally, our 300 results showed that the down-expression of MUC1 is able to 301 increase cell apoptosis through the inhibition of anti-apoptotic 302 Bcl-2 protein. Interestingly, it was previously shown that MUC1
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 3 Fig. 3. In vivo effects of MUC1 on PDAC tumor properties. (A) SC xenografts of Capan-2 cells stably knocked-down for MUC1 in SCID mice. Tumor growth (mm 3 ) was evaluated during 28 days (p < 0.05 ⁄ and p < 0.01 ⁄⁄ ). (B) Tumor weight (g) was measured at the sacrifice (p < 0.05 ⁄ and p < 0.01 ⁄⁄ ). (C) Analysis of MUC1 expression in SC tumors was carried out by IHC. Magnification Â20. (D) MUC1 and MMP13 mRNA expression was evaluated in PDAC datasets of the NCBI Gene Expression Omnibus (GEO, GSE28735) database (p < 0.001 ⁄⁄⁄ ).
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