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Supplementary Information 

 

Supplementary Figure S1. qPCR analysis of Wnt/β-catenin signaling target genes, CD44, 

CCND1, MMP7, BMP4, AXIN2, and CCNE2 in HCT116-P, HCT116-WT, and HCT116-MT cells. 

Error bars represent the standard deviation (SD) of the mean of two independent experiments. 
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Supplementary Figure S2. β-catenin activation promotes cell cycle upregulation and cell 

proliferation. (a) Cell proliferation assay performed on HCT116 cells containing a wild-type 

(WT) β-catenin allele (HCT116-WT, WT), a mutant β-catenin allele (HCT116-MT, MT), or both 

a wild-type and mutant allele (HCT116-P, Parent). Cells were seeded at a density of 3 × 106 

and counted manually 2 and 4 days after seeding. (b) Propidium iodide flow cytometric cell 

cycle analysis of all three β-catenin HCT116 cell lines.  
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Supplementary Figure S3. Identification of EMT-related genes showing differential 

expression in HCT116-MT cells, compared to HCT116-WT cells in the microarray data (a) The 

expression of four main EMT factors (SNAI1, SNAI2, ZEB1, and TWIST1) was analyzed using 

microarray data by normalizing them to GAPDH expression. (b) 1,507 DEGs obtained from 

microarray data were compared to a set of 200 EMT-related genes obtained from KEGG 

database. Twenty-eight EMT-related genes were significantly changed in HCT116-MT cells, 

compared to HCT116-WT cells.  
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Supplementary Figure S4. HCT116-P, HCT116-MT, and HCT116-WT cells show distinct 

patterns of cell density-dependent β-catenin, Claudin-7, and E-cadherin mRNA expression. 

The mRNA expression levels of β-catenin, Claudin-7, and E-cadherin were measured by qRT-

PCR in all three β-catenin HCT116 cell lines at low, moderate, and high cell density. Error bars 

represent the SD of the mean of three independent experiments. One-way analysis of variance 

(ANOVA) with a post-hoc test (Bonferroni) was performed to compare multiple means. *P 

<0.01, **P <0.001, ***P <0.0001. Statistical significance between low (L) and moderate (M) 

cell densities, and M and high (H) cell densities is shown. Statistical significance between L 

and H is shown when there is no statistical significance between L and M or M and H. 
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Supplementary Figure S5. Wnt3a treatment induced translocation of β-catenin and EMT 

transcription factors into the nucleus, as well as loss of E-cadherin and Claudin-7, 

accompanying transcriptional activation of downstream target genes of Wnt/β-catenin 

signaling in HCT116-WT cells. (a) Immunofluorescence microscopy analysis of HCT116-WT 

cells with or without 2-hour Wnt3a treatment. (b) Western blotting analysis of β-catenin, SNAIL, 

SLUG, ZEB1, TWIST1, E-cadherin, and Claudin-7 using the nuclear fraction of HCT116-WT 

cells treated with Wnt3a for 2 and 4 hours. (c) qPCR analysis of MMP7, CD44, AXIN2, and 

CCND1 in HCT116-WT cells treated with Wnt3a for 2 and 4 hours. Error bars represent the 

standard deviation (SD) of the mean of two independent experiments. 
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Supplementary Figure S6. Expression of nuclear β-catenin, Claudin-7, and E-cadherin in 

colorectal cancer (CRC) tissues. (a) Representative immunohistochemical analysis of CRC 

tissues with negative, low, or high nuclear β-catenin expression. Nuclear β-catenin expression 

was classified as negative (detected 0% of tumor cells), low (detected in 1–29% of tumor cells), 

or high (detected in ≥30% of tumor cells). (b) Proportion of the three nuclear β-catenin 

expression groups identified in our cohort of 101 CRC tumor samples. (c) Representative 

immunohistochemical analysis of CRC tissues with low or high expression of Claudin-7 and E 

cadherin. If the H-score (see Materials and Methods) of Claudin-7 or E cadherin was >200, 

the sample was classified as high expression (left, upper and lower), and if the H-score ≤200, 

the sample was classified as low expression (right, upper and lower). (d) The mean 

percentage of nuclear β-catenin-staining in CRC samples that displayed metastasis after 

operation and in those that did not. 
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Supplementary Figure S7. Kaplan–Meier analysis of 101 CRC patients according to nuclear 

β-catenin expression. Using 101 CRCs, cases with no nuclear β-catenin expression (n = 33), 

cases with low nuclear β-catenin expression (n = 53), and cases with high nuclear β-catenin 

expression (n = 15) were subjected to the overall survival (P = 0.009) and disease-free survival 

(P = 0.134) analysis.  
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Supplementary Figure S8. Localization and nuclear expression of β-catenin, and Wnt 

pathway activity in cell lines with Wnt pathway related mutations or not. (a,b) 

Immunofluorescence microscopy and western blotting analysis of β-catenin in two APC mutant 

CRC cell lines (DLD-1 and LoVo), CRC cell lines with no Wnt pathway related mutations (RKO 

and HCT8), a hepatocellular carcinoma (HCC) cell line with AXIN1 mutation (Hep3B), a HCC 

cell line with CTNNB1 mutation (HepG2), and a CRC cell line with CTNNB1 mutation (LS174T). 

Nuclear fraction of cell lysates was used for western blotting analysis. Black arrow indicates 

mutant β-catenin. (c) WNT pathway activity was measured by TOP/FOP luciferase reporter 

assay. Error bars represent the standard deviation (SD) of the mean of two independent 

experiments.  
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Supplementary Figure S9. Solid-pseudopapillary neoplasm (SPN) tissues show specific and 

strong nuclear β-catenin expression, accompanied by complete loss of both E-cadherin and 

Claudin-7 expression. Expression of β-catenin, E-cadherin, and Claudin-7 was measured by 

immunohistochemistry in 15 SPN samples. Representative protein-specific and hematoxylin 

and eosin staining (H&E) results are shown. 
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Supplementary Figure S10. Model describing the relationship between β-catenin activation 

status and EMT progression in CRCs.  
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Supplementary Information (Blots) 
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