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SUPPLEMENTARY MATERIALS

Supplementary Figure 1: Increased expression of TRα1 hyper-activates canonical Wnt/β-catenin signalling pathway. 
(A, B) Generation of stably overexpressing TRα1 Caco2 cell line. The overexpression efficiency was assessed by comparing TRα1 
mRNA by RTqPCR (A) or protein by IB (B). **P < 0.01 compared with control condition (Ctrl) by Student’s T-test. (C, D) Increased 
TRα1 expression potentiates canonical Wnt signalling activity. Bar graphs display quantification of luciferase activity in Caco2 cell lines 
generated in A after transfection with a TopFlash vector (C) or the negative control FopFlash vector (D) to monitor Wnt activity using the 
Dual-Luciferase Reporter Assay System. Caco2 cells were maintained in culture medium containing physiological concentrations of T3 
in the absence (Ctrl) or in presence of co-transfected β-catenin/TCF4 complex. Histograms represent mean ± SD (N = 6) from one out of 
three independent experiments. **P < 0.01 and ***P < 0.001 compared with the control condition of the same cell line; $$P < 0.01 compared 
with the β-catenin/TCF4 condition of the control cells, by Student’s T-test.



Supplementary Figure 2: Responsiveness of the different Caco2 cell lines to a TRE-luciferase assay in vitro. (A) The 
TRE-luciferase reporter was transfected into Caco2 cells maintained in culture medium supplemented with 10% FBS, thus containing 
physiological concentrations of T3. Histograms represent mean ± SD from two independent experiments, each conducted in six replicates 
(n = 6). **P < 0.01 compared with the respective control condition (Sh-Scr or Ctrl) by Student’s t-test. (B) The TRE-luciferase reporter 
was transfected into Caco2 cells maintained in culture medium supplemented with 10% of T3-depleted FBS in the presence (T3) or 
absence (untreated) of 10−6 M T3, as indicated. Histograms represent mean ± SD from two independent experiments, each conducted in six 
replicates (n = 6). **P < 0.01, ***P < 0.001 compared with the respective untreated condition; $$P < 0.01 compared with Sh-Scr or Ctrl cell 
line in the same condition, by Student’s t-test. 



Supplementary Figure 3: Complementary analysis of TRα1-dependent cell migration in colorectal cancer cells. 
Depletion of TRα1 inhibits 2-D cell migration. Confluent monolayers of Caco2 cells were scratch-wounded and incubated for 70 hr in 
FBS-deprived non-proliferative condition, and wound closure was monitored and quantified. In panel (A) confluence indexes (y-axis) in 
cell lines are displayed as line graphs. Note that depletion of TRα1 significantly delays wound closure. Histograms represent mean ± SEM  
(N = 10) from one of three independent experiments, each conducted in 10 replicates. Panel (B) shows representative pictures of different cell 
lines taken at T0 or T70. Red dashed lines in B delineate the wounded surface (T0) and the surface still depleted of cells (T70). ***P < 0.001  
and ****P < 0.0001 by Student’s T-test. *** in (A) applies to each time-point.  



Supplementary Figure 4: Generation of a list of differentially expressed genes and their hierarchical clustering. 
(A) Venn Diagram representing the 3839 differentially expressed genes obtained by performing the T-test (left), the 4305 differentially 
expressed genes obtained with the ANOVA test (right) and the 2981 common genes. For further studies we focused specifically on the 
common list. (B) Hierarchical clustering enabled to observe the relations between the tumors of different genotype and to visualize the 
differentially expressed genes. In this clustering, the 2981 transcripts were grouped in two dendrograms, each of which represents a 
genotype. Each line is a probe and each column is an RNA sample hybridized on an array slide. Expression signal intensities are shown 
in red and green, indicating high and low expression levels respectively. Dotted lines delineate each individual sample; adenocarcinoma 
samples of different genotype are separated by the thick line.



Supplementary Figure 5: Gene ontology analysis for significantly changed transcripts by Ingenuity Pathway Analysis. 
(A) Bar chart illustrating Biological Functions associated with the differentially expressed genes. Table summarizing the top 3 functions, 
their statistical significance and the number of genes present in each category. (B) Bar chart of the most significant canonical pathways 
associated with the differentially expressed genes. 



Supplementary Figure 6: Differentially expressed gene validation and modeling. (A) Analysis of strongly regulated genes 
by RTqPCR. Histograms show fold changes in vil-TRα1/Apc tumors related to Apc tumors. ***P < 0.001 compared with Apc tumors 
by Student’s T-test. (B) Molecular relationships between transcripts in the identified network “Cellular growth, Cell proliferation and 
Cancer” by Ingenuity Pathway Analysis. Genes or gene products are represented as nodes and connections between genes are supported 
by information in the Ingenuity Knowledge Base. The color indicates upregulation (red) or downregulation (green). Different shapes of 
nodes represent different functional classes of gene products as indicated in the legend inset (right panel). (C) Analysis of the Wnt agonists 
and antagonists present within the gene network in B. Histograms show fold changes in vil-TRα1/Apc tumors related to Apc tumors.  
**P < 0.01 and ***P < 0.001 compared with Apc tumors by Student’s T-test. Note that agonists are up-regulated and the antagonists are 
down-regulated in TRα1-overexpressing tumors.



Supplementary Figure 7: Expression of Wnt inhibitors in TRα0/0/Apc animals. (A) Analysis of Frzb, Sox17 and Wif1 mRNA 
expression in healthy mucosae and tumors from TRα0/0/Apc animals. Histograms represent mean ± SD. *P < 0.05 by Student’s t-test (N = 6/8). 
(B) Comparative study of the inhibitor’s mRNA expression in healthy mucosae or tumors from TRα0/0/Apc animals and those from Apc or vil-
TRα1/Apc mice. *P < 0.05, **P < 0.01, ***P < 0.001, by Student’s T-test. NS: not significant.



Supplementary Figure 8: Localization of the putative TRα1-binding site on the murine Wif1 promoter. (A) A 5 Kb region 
upstream of the Wif1 start site was analyzed using the NUBISCAN software, revealing one putative binding sites. The sequence highlighted in 
bold (yellow background) shows the arrangement of the two half-sites as a typical DR4. The first exon is in red, and the first coding ATG is in 
bold in a yellow background. (B) Results obtained by NUBISCAN summarizing the score, the P-value and the sequence of the putative DR4.



Supplementary Figure 9: Molecular analysis of the Thyroid hormone Responsive Element present in the Wif1 gene, by in 
vivo chromatin immunoprecipitation. Study by qPCR of the DNA purified from the different samples before and after ChIP visualized on 
agarose gel. The picture is representative of two independent experiments. Indicated on the right part of each panel is the fragment of amplified 
Wif1 gene. S: pre-immune serum; TRα1: anti-TRα1; GFP: anti-GFP; SI: starting input; Ctrl PCR: negative control for PCR mix.



Supplementary Figure 10: Analysis of FRZB, SOX17 and WIF1 mRNA expression in CRC patients. (A) FRZB, (B) SOX17 and 
(C) WIF1 mRNA expression values in TCGA (The Cancer Genome Atlas) dataset. Boxplots illustrate the distribution of data and the mean (black 
thick line). Note that all of the Wnt antagonists are significantly down-regulated in CRCs, as indicated. 



Supplementary Figure 11: Localization of the putative TRα1-binding site on the human WIF1 promoter. (A) A 5 Kb region 
upstream of the WIF1 start site was analyzed using the NUBISCAN software, revealing one putative binding sites. The sequence highlighted 
in bold show the arrangement of the two half-sites as a typical DR4. The first exon is in red, and the first coding ATG (in bold) is underlined.  
(B) Results obtained by NUBISCAN summarizing the score, the P-value and the sequence of the putative DR4.



Supplementary Table 1: Circulating serum levels of the hormones T3and T4 (pmol/l) in 10/12-month old animals of different 
genotype

Free T3 Free T4
WT (N = 5) 7.23 ± 3.2  19,56 ± 8.7  
Apc+/1638N (N = 8) 8.12 ± 1.2  21.24 ± 4.5  
vil-TRα1/Apc+/1638N (N = 7) 7.42 ± 3.7 18,56 ± 6.3  
TRα0/0/Apc+/1638N (N = 8) 9.56 ± 2.87  22.67 ± 3.32  

Supplementary Table 2: Differentially expressed genes between vil-TRα1/Apc and Apc adenocarcinomas.  See Supplementary_
Table_2



Supplementary Table 3: Analysis of differentially expressed genes by RTqPCR



Supplementary Table 4: Differentially expressed genes present within the network “Cellular growth, Cell proliferation and 
Cancer”



Supplementary Table 5: Analysis of tumors in animals of different age and genotype
AGE: 6-MONTH

Genotype Mice 
N

Incidence 
N-%

Tumors/animal  
Mean ± SD

Tumor range absolute 
n° of tumors

Apc1638N/+ 3 3/3 
100% 

1.33 ± 0.58  1–2

TRα0/0/Apc1638N/+ 3 0/3
0% 

0* 0

AGE: 8-MONTH 

Genotype Mice 
N

Incidence 
N-%

Tumors/animal  
Mean ± SD

Tumor range
absolute n° of tumors

Apc1638N/+ 4 4/4
100% 

1.25 ± 0.50 1–2

TRα0/0/Apc1638N/+ 5 0/5
0% 

0** 0 

AGE: 12–15 MONTH

Genotype Mice 
N

Incidence
N-%

Tumors/animal 
Mean ± SD

Tumor range absolute 
n° of tumors

Apc1638N/+ 6 6 
100% 

 2.33 ± 0.52 2–3 

TRα0/0/Apc1638N/+ 9 9/9 
100% 

1.56 ± 0.53** 1–2

*P < 0.05 and **P < 0.01 compared with Apc mice, by Student T-test.

Supplementary Table 6:  Primers used for different analyses. See Supplementary_Table_6


