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5-Fluorouracil (5-FU) is commonly used for the therapy of colon cancer; however, acquired resistance to

5-FU is a critical barrier to successful treatment and the primary cause of chemotherapy failure. Epithelial-

mesenchymal transition (EMT) is a process whereby cells undergo alterations in morphology and molecu-

lar characteristics promoting tumor progression and metastasis. Accumulating evidence shows that transi-

tion from epithelial to mesenchymal phenotype in cancer cells is associated with their resistance to

chemotherapy. However, it is still poorly understood whether EMT is involved in acquired resistance to 5-

FU. In this study, we developed an in vitro cell model, 5-FU-resistant HT-29 colon cancer cells, and char-

acterized the differences in cellular morphology and molecular alterations between parental and resistant

cells. In accord with mesenchymal-like morphology of 5-FU-resistant HT-29 cells, the expression of the

mesenchymal marker fibronectin was significantly increased in these cells in comparision with that in the

parental cells. Of interest, we also found a marked increase in the expression of EMT-inducing transcrip-

tion factors Twist, Zeb1, and Zeb2. Finally, 5-FU-resistant cells showed enhanced migration in compari-

son with parental HT-29. Taken together, these results indicate that EMT could be associated with 5-FU

resistance acquired by HT-29 cells. A specific role of each transcription factor found in this study will

require further investigation.
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INTRODUCTION

Colon cancer has a high incidence and is one of the lead-

ing causes of cancer-related death in the elderly (1). As a

first-line chemotherapeutic agent for colon cancer, 5-fluoro-

uracil (5-FU) is used to increase the probability of survival

(2). The structure of 5-FU is similar to those of pyrimidines

in DNA and RNA; 5-FU inhibits thymidylate synthase and

is incorporated into RNA and DNA, resulting in cytotoxic-

ity and cell death (3). Although the understanding of the

mechanism of 5-FU action has greatly increased in recent

years, the development of drug-resistant phenotypes remains

a critical limitation to its clinical use (4). The molecular

mechanisms of therapeutic resistance to 5-FU are poorly

understood, and investigation of molecular pathways asso-

ciated with chemo-resistance could lead to novel strategies

for the treatment of patients with 5-FU-resistant colon cancer.

Epithelial-mesenchymal transition (EMT) is a multi-step

morphogenetic process in which epithelial cells downregu-

late their epithelial properties and acquire mesenchymal

characteristics, leading to remodeling of the cytoskeleton

and enhancement of migration potential, which is a func-

tional hallmark of EMT (5). The EMT phenotype is charac-

terized by the loss of cell-to-cell adhesion (6,7). Another

hallmark of EMT is the loss of the epithelial adhesion mole-

cule E-cadherin and gain of mesenchymal markers such as

vimentin and/or fibronectin. Suppression of E-cadherin

expression is mediated by several genetic factors or direct

promoter repression mediated by Snail, Slug, Twist, Zeb1,

and Zeb2 (6-9), all of which interact with E-box elements

located within the proximal region of the E-cadherin pro-

moter (6). Remarkably, the signaling pathway that involves
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these EMT-inducing transcription factors overlaps signifi-

cantly with each other. Specifically, Snail regulates the

expression of Zeb factors and also increases the stability of

Twist, followed by activation of transcription of the Slug

gene. Thus, it is suggested that EMT-inducing transcription

factors cooperate with each other and their specificity might

affect spatial and temporal regulation of EMT.

Accumulating evidence suggests that EMT is associated

with acquired resistance to cancer therapy as well as cancer

metastasis (10). Recently, an EMT phenotype has been

identified in a number of cancer cells, including gefitinib-

resistant non-small cell lung cancer cells (NSCLC) (11),

paclitaxel-resistant ovarian cancer cells (12), and tamoxi-

fen-resistant breast cancer cells (13). Furthermore, cancer

cells surviving in breast cancer patients after conventional

therapy possess mesenchymal characteristics and tumor-ini-

tiating features (14). In agreement with these findings, res-

toration of the epithelial phenotype increases sensitivity of

tumor cells to chemotherapy (14). Taken together, these

studies suggest that EMT not only increases metastasis, but

is also involved in drug resistance in cancer cells.

During the establishment of 5-FU-resistant cells, we

found that cells with the 5-FU-resistant phenotype showed

morphological changes in comparison with parental HT-29

cells. The present study focused on the alterations in the

expression levels of the genes related to EMT.

MATERIALS AND METHODS

Materials. 5-Fluorouracil (5-FU) and crystal violet

were purchased from Sigma Aldrich (St. Louis, MO, USA).

Anti-E-cadherin antibodies were obtained from Cell signal-

ing (Danver, MA, USA). Anti-Fibronectin and anti-β-actin

antibodies were purchased from Santa Cruz Biotechnology

(Santa Cruz, CA, USA). Peroxidase conjugated antibodies

against mouse or rabbit IgG were obtained from Thermo

scientific (Waltham, MA, USA).

Cell culture. HT-29 parental cell line was obtained

from Korea Research Institute of Bioscience and Biotech-

nology (KRIBB, Cheongwon, Chungbuk, Korea). HT-29

parental cell line was cultured in McCoy’s 5A Medium

(Hyclone, Logan, Utah, USA). It was grown in media sup-

plemented with 10% Fetal Bovine Serum (FBS) and 100 U/

mL penicillin and 100 μg/mL streptomycin (GenDEPOT,

Barker, TX, USA) at 37oC in a humidified incubator with

5% CO2. 5-FU resistant phenotype was established by

repeated exposure to 5-FU.

Cell viability assay. Cell viability was assessed by EZ-

CyTox (Daeil Lab Service, Seoul, Korea). 0.5 × 104 cells

were plated in 96-well plate. After 24 h, cells were treated

with indicated concentrations of 5-FU. EZ-CyTox solution

was added to each well and it was measured at a 450 nm.

The results were expressed as a percentage compared to the

vehicle treated cells.

RNA extraction and semi-quantitative RT-PCR. Total

RNA was purified from cells using the NucleoSpin® RNA

(MACHEREY-NAGEL, Dueren, Germany). cDNA synthe-

sis was performed with iScriptTM cDNA Synthesis system

(Bio-Rad, Hercules, CA, USA), followed by PCR using

GoTaq Flexi DNA Polymerase (Promega, Madison, WI,

USA). PCR products were analyzed by gel electrophoresis

on a 1% agarose (w/v) gel. The sequences of human spe-

cific primers for E-cadherin, fibronectin, Twist, Zeb1, Zeb2,

and 18S are provided in Table 1.

Western blotting analysis. Cells were lysed with ice-

cold PRO-PREPTM protein extract solution (iNtRON, Sun-

gnam, Gyunggi, Korea) and protein concentration was

quantified using the BCA procedure (Thermo scientific,

Waltham, MA, USA). Equal amounts of protein samples

were separated by SDS-PAGE using 8% or 10% polyacryl-

amide gel and then transferred onto a polyvinylidene difuoride

(PVDF) membrane (Millipore, Billerica, MA, USA). The

membrane was blocked with 5% skim milk in 100 mM

Tris-HCl (pH 7.5), 150 mM NaCl, and 0.07% Tween-20

(TBST) for 1 h at room temperature. The membranes were

incubated with TBST containing 5% milk and the primary

antibodies. After three washes with TBST, the blot was

incubated with the appropriate horseradish peroxidase-con-

jugated secondary antibodies. The antigen was detected

using an Western Bright ECL HRP substrate kit (Advansta,

Menlo Park, CA, USA).

Migration assay. 24-Transwell migration chamber

(Corning Life Sciences, Corning, NY, USA) was used to

Table 1. List of human primers used for RT-PCR

Primer Forward Reverse

E-cadherin 5'-TCCATTTCTTGGTCTACGCC-3' 5'-CACCTTCAGCCATCCTGTTT-3'

Fibronectin 5'-TCGAGGAGGAAATTCCAATG-3' 5'-CTCTTCATGACGCTTGTGGA-3'

Twist 5'-GGAGTCCGCAGTCTTACGAG-3' 5'-TCTGGAGGACCTGGTAGAGG-3'

Zeb1 5'-GCACAACCAAGTGCAGAAGA-3' 5'-GAACCATTGGTGGTTGATCC-3'

Zeb2 5'-CAACTCCGATGAACTGCTGA-3' 5'-AGCCTGAGAGGAGGATCACA-3'

18S 5'-CAGCCACCCGAGATTGAGCA-3' 5'-TAGTAGCGACGGGCGGTGTG-3'
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accomplish cell migration assay. Cells were placed in the

upper compartment of the migration chamber and incu-

bated for 24 h at 37oC. The migrating cells at the bottom

side of the membranes stained with crystal violet.

Statistical analysis. All results, expressed as the

mean ± SD, were analyzed by a two-tailed Student’s t-test.

The acceptable level of significance was established at

P < 0.05.

RESULTS

Acquisition of 5-FU resistance is associated with mor-
phological changes. To determine the 5-FU sensitivity

in our drug-resistant model, cell viability assay was per-

formed following 5-FU treatment. As we expected, cells

with the 5-FU-resistant phenotype had significantly increased

viability compared with parental HT-29 cells (Fig. 1A).

Phase-contrast microscopy revealed a marked alteration of

cellular morphology in 5-FU-resistant HT-29 cells (Fig.

1B). Whereas parental cells maintained epithelial morphol-

ogy, 5-FU-resistant cells exhibited spindle shape, intercellular

spaces, and scattering, suggesting loose cell-cell interaction

in comparison with parental HT-29 cells.

Cells with 5-FU-resistant phenotype exhibit EMT-like
characteristics in comparison with the phenotype of
parental HT-29 cells. The observed morphological changes

implied that the 5-FU-resistant cells had transitioned to a

mesenchymal phenotype. To determine whether these mor-

phological changes were associated with EMT, we exam-

ined the expression of epithelial and mesenchymal marker

proteins. Consistent with morphological changes, 5-FU-

resistant cells showed down-regulation of the epithelial

marker E-cadherin and up-regulation of the mesenchymal

marker fibronectin (Fig. 2). These results suggest that EMT

could be associated with acquired drug resistance after

long-term exposure to 5-FU.

To confirm EMT in 5-FU-resistant cells, we performed

RT-PCR analysis of EMT markers and EMT-inducing tran-

scription factors. As shown in Fig. 3A, the level of the E-

cadherin transcript was reduced in 5-FU-resistant cells. In

contrast, the expression level of fibronectin was dramati-

cally higher in 5-FU-resistant cells than in the parental cells

(Fig. 3A). Consistent with the expression of this EMT

marker, the expression of the EMT-inducing transcription

factors Twist, Zeb1, and Zeb2 was also significantly

increased in 5-FU-resistant cells (Fig. 3B).

5-FU-resistant cells show higher motility than paren-
tal HT-29 cells in a transwell migration assay. Epithelial

cells undergoing EMT lose their adhesive phenotype and

concomitantly acquire higher migratory ability (5). We

observed that 5-FU-resistant cells were more motile than

parental HT-29 cells, as assessed by a transwell migration

assay (Fig. 4). These results confirm that acquisition of

the 5-FU-resistant phenotype involves EMT, resulting in

higher motile capability, which might be critical for tumor

progression.

Fig. 1. Acquired 5-FU resistant HT-29 cells show morphologi-
cal changes compared with parental HT-29 cells. (A) Cell viabil-
ity was assessed after treatment with increasing concentrations
of 5-FU. (B) 5-FU resistant HT-29 cells show significant alteration
in cellular morphology (200× magnification).

Fig. 2. 5-FU resistant phenotype exhibits an EMT-like cellular
characteristics compared with parental HT-29 cells. (A) Protein
expression of E-cadherin and fibronection were determined by
western blotting. (B) Density of each blot was quantified using
Image J. Each value represents the mean ± SD of three indepen-
dent experiments. *, **Significantly different from the parental
HT-29 cells at p < 0.05, 0.01, respectively (Student’s t-test).
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DISCUSSION

5-FU is used frequently in chemotherapy for many kinds

of solid tumors. However, patients who initially respond to

5-FU ultimately become resistant (15,16). In this study, we

have established a 5-FU-resistant cell line derived from

parental HT-29 colon cancer cells and characterized the

phenotype of 5-FU-resistant cells in terms of EMT. Impor-

tantly, we found that the expression of the EMT-promoting

transcription factors Twist, Zeb1, and Zeb2, which repress

E-cadherin transcription, correlates significantly with the 5-

FU-resistant phenotype in HT-29 colon cancer cells.

Development of drug resistance has been a major barrier

to successful treatment and the primary cause of chemother-

apy failure. Multiple mechanisms responsible for the drug-

resistant phenotype in cancer cells have been recognized

and recent evidence points to the role of EMT. The link

between EMT and chemotherapy resistance has been inves-

tigated in NSCLC. Interestingly, the sensitivity of NSCLC

to EGFR kinase inhibition depends on their EMT pheno-

type: mesenchymal-like cells are less sensitive to EGFR

inhibition than cells with the epithelial phenotype (17). In

line with the letter, the expression of EMT-related genes in

lung cancer cell lines is related to their resistance to the

inhibitors of both EGFR and PI3K/Akt pathways, which

has also been confirmed in a small group of patients (18).

Furthermore, in a study that used both surgical specimens

Fig. 4. 5-FU resistant HT-29 cells show higher motility than
parental HT-29 cells in transwell migration assay. (A) Cell migra-
tion was assessed using 24-transwell migration chamber for
48 hr and cells at the bottom side of the membranes were
stained with crystal violet. (B) Migrating cells were counted and
plotted as mean ± SD of three independent experiments. ***Sig-
nificantly different from the parental HT-29 cells at p < 0.001
(Student’s t-test).

Fig. 3. 5-FU resistant HT-29 cells induce mesenchymal marker accompanied by EMT-inducing transcription factors. RNA expression of
(A) EMT markers such as E-cadherin and fibronectin, and (B) EMT-inducing transcription factors Twist, Zeb1, and Zeb2 were analyzed
using RT-PCR. Each value represents the mean ± SD of three independent experiments. *, ***Significantly different from the parental
HT-29 cells at p < 0.05, 0.001, respectively (Student’s t-test).
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and cell lines, an EMT-like cellular phenotype was associ-

ated with increased resistance to most conventional thera-

peutic approaches. Of interest, the changes in gene

expression during EMT are very similar to the changes in

the expression of stem cell markers (19). Notably, residual

resistant tumor cells following breast cancer chemotherapy

frequently exhibit a stem cell–like phenotype including

increased mammosphere formation, which is a characteris-

tic of stem cells (20-22). Recently, the association between

EMT-like properties and a stem-cell like phenotype has

been reported not only in breast cancer and NSCLC, but

also in urinary bladder, head and neck, pancreas, and col-

orectal carcinoma (23). Thus, the mechanisms of resistance

to chemotherapeutic agents might be linked to stem cell–

like properties of tumor cells that have undergone EMT via

the activation of cellular signaling pathways that are com-

mon to both processes, such as TGF-β, Wnt, Notch, and

Hedgehog (24).

In summary, cells remaining after long-term exposure to

5-FU showed an EMT phenotype accompanied by acquired

drug resistance. Together with other recent studies that sug-

gest the association between EMT and drug resistance, this

study might provide a clue for overcoming therapy failure

caused by drug resistance. The importance of particular

EMT-promoting transcription factors and related signaling

pathways in maintaining the EMT phenotype may vary

depending on the tissue type (25-28). Therefore, under-

standing the specific role of each transcription factor found

in this study and elucidation of related cellular signaling

will require further investigation.

ACKNOWLEDGEMENTS

This work was supported by a 2-Year Research Grant of

Pusan National University.

REFERENCES

1. Siegel, R., Desantis, C. and Jemal, A. (2014) Colorectal can-

cer statistics, 2014. Ca Cancer J. Clin., 64, 104-117.

2. Douillard, J.Y., Cunningham, D., Roth, A.D., Navarro, M.,

James, R.D., Karasek, P., Jandik, P., Iveson, T., Carmichael, J.,

Alakl, M., Gruia, G., Awad, L. and Rougier, P. (2000) Irinote-

can combined with fluorouracil compared with fluorouracil

alone as first-line treatment for metastatic colorectal cancer: a

multicentre randomised trial. Lancet, 355, 1041-1047.

3. Longley, D.B., Harkin, D.P. and Johnston, P.G. (2003) 5-fluo-

rouracil: mechanisms of action and clinical strategies. Nat.

Rev. Cancer, 3, 330-338.

4. Park, I.J., You, Y.N., Agarwal, A., Skibber, J.M., Rodriguez-

Bigas, M.A., Eng, C., Feig, B.W., Das, P., Krishnan, S., Crane,

C.H., Hu, C.Y. and Chang, G.J. (2012) Neoadjuvant treatment

response as an early response indicator for patients with rectal

cancer. J. Clin. Oncol., 30, 1770-1776.

5. Thiery, J.P. (2002) Epithelial-mesenchymal transitions in

tumour progression. Nat. Rev. Cancer, 2, 442-454.

6. Peinado, H., Olmeda, D. and Cano, A. (2007) Snail, Zeb and

bHLH factors in tumour progression: an alliance against the

epithelial phenotype? Nat. Rev. Cancer, 7, 415-428.

7. Kang, Y. and Massagué, J. (2004) Epithelial-mesenchymal

transitions: twist in development and metastasis. Cell, 118,

277-279.

8. Vandewalle, C., Comijn, J., De Craene, B., Vermassen, P.,

Bruyneel, E., Andersen, H., Tulchinsky, E., Van Roy, F. and

Berx, G. (2005) SIP1/ZEB2 induces EMT by repressing genes

of different epithelial cell-cell junctions. Nucleic Acids Res.,

33, 6566-6578.

9. Lombaerts, M., van Wezel, T., Philippo, K., Dierssen, J.W.,

Zimmerman, R.M., Oosting, J., van Eijk, R., Eilers, P.H., van

de Water, B., Cornelisse, C.J. and Cleton-Jansen, A.M. (2006)

E-cadherin transcriptional downregulation by promoter meth-

ylation but not mutation is related to epithelial-to-mesenchy-

mal transition in breast cancer cell lines. Br. J. Cancer, 94,

661-671.

10. Rosanò, L., Cianfrocca, R., Spinella, F., Di Castro, V., Nicotra,

M.R., Lucidi, A., Ferrandina, G., Natali, P.G. and Bagnato, A.

(2011) Acquisition of chemoresistance and EMT phenotype is

linked with activation of the endothelin A receptor pathway in

ovarian carcinoma cells. Clin. Cancer Res., 17, 2350-2360.

11. Rho, J.K., Choi, Y.J., Lee, J.K., Ryoo, B.Y., Na, I.I., Yang,

S.H., Kim, C.H. and Lee, J.C. (2009) Epithelial to mesenchy-

mal transition derived from repeated exposure to gefitinib

determines the sensitivity to EGFR inhibitors in A549, a non-

small cell lung cancer cell line. Lung Cancer, 63, 219-226.

12. Kajiyama, H., Shibata, K., Terauchi, M., Yamashita, M., Ino,

K., Nawa, A. and Kikkawa, F. (2007) Chemoresistance to

paclitaxel induces epithelial-mesenchymal transition and

enhances metastatic potential for epithelial ovarian carcinoma

cells. Int. J. Oncol., 31, 277-283.

13. Hiscox, S., Jiang, W.G., Obermeier, K., Taylor, K., Morgan,

L., Burmi, R., Barrow, D. and Nicholson, R.I. (2006) Tamoxi-

fen resistance in MCF7 cells promotes EMT-like behaviour

and involves modulation of beta-catenin phosphorylation. Int.

J. Cancer, 118, 290-301.

14. Creighton, C.J., Li, X., Landis, M., Dixon, J.M., Neumeister,

V.M., Sjolund, A., Rimm, D.L., Wong, H., Rodriguez, A.,

Herschkowitz, J.I., Fan, C., Zhang, X., He, X., Pavlick, A.,

Gutierrez, M.C., Renshaw, L., Larionov, A.A., Faratian, D.,

Hilsenbeck, S.G., Perou, C.M., Lewis, M.T., Rosen, J.M. and

Chang, J.C. (2009) Residual breast cancers after conventional

therapy display mesenchymal as well as tumor-initiating fea-

tures. Pro. Natl. Acad. Sci. U.S.A., 106, 13820-13825.

15. Zhang, N., Yin, Y., Xu, S.J. and Chen, W.S. (2008) 5-Fluoro-

uracil: mechanisms of resistance and reversal strategies. Mole-

cules, 13, 1551-1569.

16. Herrmann, R. (1996) 5-Fluorouracil in colorectal cancer, a

never ending story. Ann. Oncol., 7, 551-552.

17. Thomson, S., Buck, E., Petti, F., Griffin, G., Brown, E., Ram-

narine, N., Iwata, K.K., Gibson, N. and Haley, J.D. (2005)

Epithelial to mesenchymal transition is a determinant of sensi-

tivity of non-small-cell lung carcinoma cell lines and xeno-

grafts to epidermal growth factor receptor inhibition. Cancer

Res., 65, 9455-9462.

18. Byers, L.A., Diao, L., Wang, J., Saintigny, P., Girard, L., Pey-

ton, M., Shen, L., Fan, Y., Giri, U., Tumula, P.K., Nilsson,



156 A-Y. Kim et al.

M.B., Gudikote, J., Tran, H., Cardnell, R.J., Bearss, D.J., War-

ner, S.L., Foulks, J.M., Kanner, S.B., Gandhi, V., Krett, N.,

Rosen, S.T., Kim, E.S., Herbst, R.S., Blumenschein, G.R.,

Lee, J.J., Lippman, S.M., Ang, K.K., Mills, G.B., Hong, W.K.,

Weinstein, J.N., Wistuba, I.I., Coombes, K.R., Minna, J.D.

and Heymach, J.V. (2013) An epithelial-mesenchymal transi-

tion gene signature predicts resistance to EGFR and PI3K

inhibitors and identifies Axl as a therapeutic target for over-

coming EGFR inhibitor resistance. Clin. Cancer Res., 19,

279-290.

19. Mani, S.A., Guo, W., Liao, M.J., Eaton, E.N., Ayyanan, A.,

Zhou, A.Y., Brooks, M., Reinhard, F., Zhang, C.C., Shipitsin,

M., Campbell, L.L., Polyak, K., Brisken, C., Yang, J. and

Weinberg, R.A. (2008) The epithelial-mesenchymal transition

generates cells with properties of stem cells. Cell, 133, 704-

715.

20. Shipitsin, M., Campbell, L.L., Argani, P., Weremowicz, S.,

Bloushtain-Qimron, N., Yao, J., Nikolskaya, T., Serebry-

iskaya, T., Beroukhim, R., Hu, M., Halushka, M.K., Suku-

mar, S., Parker, L.M., Anderson, K.S., Harris, L.N., Garber,

J.E., Richardson, A.L., Schnitt, S.J., Nikolsky, Y., Gelman,

R.S. and Polyak, K. (2007) Molecular definition of breast

tumor heterogeneity. Cancer Cell, 11, 259-273.

21. Morel, A.P., Lièvre, M., Thomas, C., Hinkal, G., Ansieau, S.

and Puisieux, A. (2008) Generation of breast cancer stem cells

through epithelial-mesenchymal transition. PLoS One, 3,

e2888.

22. Li, X., Lewis, M.T., Huang, J., Gutierrez, C., Osborne, C.K.,

Wu, M.F., Hilsenbeck, S.G., Pavlick, A., Zhang, X., Cham-

ness, G.C., Wong, H., Rosen, J. and Chang, J.C. (2008) Intrin-

sic resistance of tumorigenic breast cancer cells to

chemotherapy. J. Natl. Cancer Inst., 100, 672-679.

23. Barr, S., Thomson, S., Buck, E., Russo, S., Petti, F., Sujka-

Kwok, I., Eyzaguirre, A., Rosenfeld-Franklin, M., Gibson,

N.W., Miglarese, M., Epstein, D., Iwata, K.K. and Haley, J.D.

(2008) Bypassing cellular EGF receptor dependence through

epithelial-to-mesenchymal-like transitions. Clin. Exp. Metas-

tasis, 25, 685-693.

24. Singh, A. and Settleman, J. (2010) EMT, cancer stem cells

and drug resistance: an emerging axis of evil in the war on

cancer. Oncogene, 29, 4741-4751.

25. Elloul, S., Elstrand, M.B., Nesland, J.M., Tropé, C.G., Kval-

heim, G., Goldberg, I., Reich, R. and Davidson, B. (2005)

Snail, Slug, and Smad-interacting protein 1 as novel parame-

ters of disease aggressiveness in metastatic ovarian and breast

carcinoma. Cancer, 103, 1631-1643.

26. Peña, C., García, J.M., Silva, J., García, V., Rodríguez, R.,

Alonso, I., Millán, I., Salas, C., de Herreros, A.G., Muñoz, A.

and Bonilla, F. (2005) E-cadherin and vitamin D receptor reg-

ulation by SNAIL and ZEB1 in colon cancer: clinicopatholog-

ical correlations. Hum. Mol. Genet., 14, 3361-3370.

27. Uchikado, Y., Okumura, H., Ishigami, S., Setoyama, T., Mat-

sumoto, M., Owaki, T., Kita, Y. and Natsugoe, S. (2011)

Increased Slug and decreased E-cadherin expression is related

to poor prognosis in patients with gastric cancer. Gastric Can-

cer, 14, 41-49.

28. Yang, J., Mani, S.A., Donaher, J.L., Ramaswamy, S., Itzyk-

son, R.A., Come, C., Savagner, P., Gitelman, I., Richardson,

A. and Weinberg, R.A. (2004) Twist, a master regulator of

morphogenesis, plays an essential role in tumor metastasis.

Cell, 117, 927-939.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


