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Fig S1. Generation of transplantable tumor organoids to study the stromal Wnt-response. 

(A) Experimental strategy to test functional secretion of the Wnt antagonists Dkk1 and Sfrp1 in organoids. (B) Sfrp1 
and Dkk1 conditioned media (CM) inhibit the growth of WT organoids in a concentration-dependent manner. Relative 
ATP content of WT organoids treated with Sfrp1, Dkk1 or control media was studied in n = 3 independent wells 
(mean ± SEM). (C) Schematic protocol for generation of transplantable, Wnt-independent tumor organoids that 
secrete Sfrp1. Small intestinal organoids derived from a p53fl/fl Bl/6 mouse were used to generate ApcKO/p53∆/∆ 
organoids (AP). Lentiviral co-transduction with NICD and control GFP-DsRed or Sfrp1-DsRed to generate 
ApcKO/p53∆/∆/NICDOE organoids (APN) expressing GFP (control) of Sfrp1. (D) CRISPR/Cas9-induced loss-of-function 
mutation of Apc was confirmed by Sanger sequencing of clonal organoids. (E) PCR genotyping for Cre-induced p53 
deletion. (F) Tumor volume and (G) tumor weight after subcutaneous injection of ApcKO (A), ApcKO/p53KO (AP) and 
ApcKO/p53KO/NICDOE (APN) organoids in NSG mice (n = 6 each). (H) Representative images of control and Sfrp1 
tumor organoids. Statistical significance was calculated by two-tailed unpaired t-test on two experimental conditions 
or two-way analysis of variance (ANOVA) when repeated measurements were compared, with p < 0.05 considered 
as statistically significant and * = p < 0.05, ** = p < 0.01 and *** = p < 0.001. Scale bar: 500 µm. All the experiments 
were performed at least twice. 
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Fig S2. Sfrp1 expression in mouse organoids in vitro and subcutaneous transplants. 

(A-H) Characterization of control and Sfrp1 tumor organoids (APN) in vitro. (A) Morphology, (B) growth rate and (C) 
organoid size is unaffected. Organoid number per well was determined in n = 3 independent cultures in 3 successive 
passages. Organoid diameter was measured in > 350 organoids each. (D) Ki67 staining of control and Sfrp1 tumor 
organoids. (E) Proliferation index (Ki67+ cells / DAPI+ cells) in n = 10 organoids each. (F) β-catenin staining on 
paraffin sections of control and Sfrp1 tumor organoids. (G,H) qRT-PCR analysis of Wnt target genes (G) and p53 
target genes (H) in control and Sfrp1 organoids in n = 3 independent cultures. (I,J) Subcutaneous transplantation of 
ApcKO/p53KO/Tgfbr2KO/KrasG12D (APTK) colon tumor organoids in Bl/6 mice (n = 5 per group). Sfrp1 expression 
reduces tumor growth (I) and tumor weight (J). (K-P) Characterization of APTK tumors upon Sfrp1 overexpression. 
Proliferation as studied by Ki67 staining (K,L), β-catenin staining (M,N), and apoptosis (cleaved Caspase 3 staining; 
O,P) are unaffected. n = 5 tumors per group. Arrowheads in (O) show apoptotic cells. All scale bars are 100 µm. All 
error bars represent ± SEM. Statistical significance was calculated by two-tailed unpaired t-test on two experimental 
conditions or two-way analysis of variance (ANOVA) when repeated measurements were compared, with p < 0.05 
considered as statistically significant. The experiments were performed at least twice except immuno-stainings. 
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Fig S3. Wnt antagonism induces EMT in APTK tumors. 

Histologic analysis of tumors after subcutaneous growth of APTK control and Sfrp1 tumor organoids in Bl/6 mice. (A) 
Representative images of E-cadherin (green) and Zeb1 (red) co-IF staining and DAPI (blue) as counter staining. 
Arrowheads point to putative tumor cells after EMT. (B) Quantification of relative E-cadherin+ and (C) Zeb1+ area in n 
= 5 mice per group. All error bars represent ± SEM. Statistical significance was determined by two-tailed unpaired t-
test, with p < 0.05 considered as statistically significant. Scale bars: 50 µm. All experiments were performed once. 
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Fig S4. Interference with canonical Wnt signals is sufficient to reduce tumor growth and induce 
EMT. 
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(A-H) Characterization of control and Dkk1 tumor organoids (APN) in vitro. (A) Morphology, (B) growth rate and (C) 
organoid size are unaffected. Organoid number per well was determined in n = 3 independent cultures in 3 
successive passages. Organoid diameter was measured in > 400 organoids each. (D) Ki67 staining of control and 
Dkk1 tumor organoids. (E) Proliferation index (Ki67+ cells / DAPI+ cells) in n = 10 organoids each. (F) β-catenin 
staining on paraffin sections of control and Dkk1 tumor organoids. (G,H) qRT-PCR analysis of Wnt target genes (G) 
and p53 target genes (H) in control and Dkk1 organoids in n = 3 independent cultures. (I) Subcutaneous tumor 
growth and (J) tumor weight of control and Dkk1 organoids in Rag1 mice. Studied in n = 13 mice for Dkk1 and n = 12 
control mice that were analyzed in 2 independent experiments. (K-U) Characterization of APN tumors upon Dkk1 
overexpression. Representative images of Ki67 (K) and β-catenin immunostaining (L). Quantification of Ki67 (M) and 
β-catenin immunostaining (N). Mean relative positive area in n = 5 animals per group. (O) qRT-PCR analysis of Wnt 
target gene expression in sorted Epcam+ tumor cells from n = 3 independent pools of 1-3 Rag1 mice each. (P) 
Representative images and (Q) quantification of cleaved Caspase 3 staining in control and Dkk1 tumors. Arrowheads 
point to apoptotic cells. Mean normalized area in n = 5 Rag1 mice each. (R) qRT-PCR analysis of p53 target gene 
expression in sorted Epcam+ tumor cells from n = 3 Rag1 mice each. (S) qRT-PCR analysis of EMT marker gene 
expression in n = 3 independent organoid cultures or Epcam+ sorted tumor cells from n = 3 Rag1 mice. (T) FACS 
analysis of DsRed+ expression in the Epcam- population. (U) Mean percentage of the Epcam- DsRed+ cells per total 
number of Epcam- cells in control and Dkk1 tumors (Rag1 mice, n = 3 each). All error bars represent ± SEM. 
Statistical significance was determined by two-tailed unpaired t-test on two experimental conditions or two-way 
analysis of variance (ANOVA) when repeated measurements were compared, with p < 0.05 considered as 
statistically significant: ns, non-significant. Scale bars: 100 µm. All experiments were repeated at least twice except 
immunostainings. 
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Fig S5. Wnt antagonism in immunodeficient and immunoproficient mice decreases CAF activation 
and induces EMT. 

(A-F) Histologic analysis of control and Sfrp1 APN tumor organoids after subcutaneous growth in NSG mice. (A) 
Representative images of E-cadherin (green) and Zeb1 (red) co-IF staining and DAPI (blue) as counter staining. (B) 
Quantification of relative E-cadherin+ and of (C) Zeb1+ area in n = 5 mice per group. (D) Representative images of 
αSMA (green) and Vimentin (red) co-IF staining. Green and orange squares show central and tumor-adjacent areas, 
respectively. Arrowheads show blood vessels. (E) Quantification of relative αSMA+ area and (F) relative Vimentin+ 
area in n = 5 mice per group. (G-I) Histologic analysis of tumors after subcutaneous growth of APTK control and 
Sfrp1 tumor organoids in Bl/6 mice. (G) Representative images of αSMA (green) and Vimentin (red) co-IF staining as 
in (D). (H) Quantification of αSMA+ area and (I) Vimentin+ area in n = 5 mice per group. All error bars represent ± 
SEM. Statistical significance was determined by two-tailed unpaired t-test, with p < 0.05 considered statistically 
significant. Scale bars: 50 µm. All stainings were performed once.  
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Fig S6. Wnt antagonism reduces tumor growth and CAF activation in xenografted human CRC 
organoids. 

(A,B) Tumor growth and (C,D) tumor weight upon transplantation of two CRC patient-derived organoids (PDO) 
expressing EGFP (control) or Sfrp1. Xenografts in Rag1 mice (n = 6 for PDO#1 and n = 5 for PDO#2 per group). (E) 
Representative images of Ki67 and β-catenin immunostaining (PDO#1) and quantification of (F) Ki67 and (G) of β-
catenin immunostaining in n = 6 animals per group. (H) Representative images of αSMA (green) and Vimentin (red) 
co-IF staining with DAPI (blue) counter staining. Green and orange squares show central and tumor-adjacent areas, 
respectively. (I) Quantification of mean relative αSMA+ area and (J) Vimentin+ area in n = 6 Rag1 mice each. (K-M) 
Co-IF staining of EMT makers Zeb1 and E-cadherin on tumor sections. (K) Representative images and quantification 
of Zeb1+ (L) and E-cadherin+ (M) staining. All error bars represent SEM. Statistical significance was determined by 
two-tailed unpaired t-test for two experimental conditions or two-way analysis of variance (ANOVA) when repeated 
measurements were compared, with p < 0.05 considered as statistically significant: ns, non-significant. Scale bars: 50 
µm. All the experiments were performed once. 
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Fig S7. Blocking stromal Wnt signaling induces an inflammatory microenvironment. 

(A) Experimental setup for bulk RNA sequencing in xenografts of PDO#1 in Rag1 mice, followed by bioinformatic 
separation of human transcripts (tumor cells) and mouse transcripts (stroma) using the ‘Xenome’ tool (35). 
Experiment was performed in n = 3 independent tumor pools (collected from 3 mice for control and from 8 mice for 
Sfrp1. (B,C) GSEA of differentially expressed genes in the stroma (mouse transcripts) after Sfrp1 expression. (B) 
Hallmark signatures ‘Wnt beta catenin signaling’ and ‘Inflammatory response’ and (C) myCAF and iCAF signatures 
were studied. Normalized enrichment scores (NES) and q-values are shown. 
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Fig S8. Co-culture with iCAFs induces invasiveness in mouse tumor organoids. 

(A) qRT-PCR analysis of myCAF markers Acta2 and Axin2 and (B) iCAF markers Il6 and Il1a in mouse colon 
fibroblasts cultured in 2D or 3D alone and in co-culture with tumor organoids. (C) Relative expression of the EMT 
marker Zeb1 and Vim in APN tumor organoids alone or upon co-culture with fibroblasts seeded on 2D (myCAFs) or in 
3D (iCAFs). n = 3 independent cultures per condition. (D) Relative expression of the EMT markers in APTK tumor 
organoids cultured as in (C). Analysis of inflammatory cytokine secretion (Tnfα, Il1ra and Il6) after Wnt modulation in 
2D and 3D co-cultured fibroblasts with APN organoids. All error bars represent ± SEM. Statistical significance was 
determined by two-tailed unpaired t-test, with p < 0.05 considered as statistically significant: ns, non-significant. All 
experiments were performed at least twice. 
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Fig S9. In silico analysis of potential iCAF mediators involved in EMT induction in tumor cells. 

‘NicheNet’ analysis of stroma-tumor crosstalk in Sfrp1 tumors to identify active iCAF mediators after Wnt blockage. 
Analysis was performed as described (38). Input data were the differentially expressed genes (baseMean > 20 and 
log2 fold ratio > 0.25) of sorted Pdgfrα+ fibroblasts (iCAFs) and Epcam+ tumor cells. (A) Prioritization of EMT-inducing 
iCAF ligands based on the Pearson correlation between EMT gene set 
(HALLMARK_EPITHELIAL_MESENCHYMAL_TRANSITION; downloaded from MSigDB; n = 200 genes) and the 
regulatory potential for each factor. The Pearson correlation coefficient indicates the ability of each ligand to predict 
the EMT target gene expression and the top 20 iCAF-ligands are shown. (B) Ligand-target matrix shows the 
‘Regulatory potential’ of the top iCAF ligands and EMT genes expressed in tumor cells. Note that Il1a shows a high 
regulatory potential for several EMT-related genes. (C) ‘Prioritized ligand-receptor interaction’ between top iCAF 
ligands (linked to EMT as in A) and their cognate receptors expressed in Sfrp1 tumor cells. Only curated ligand-
receptor pairs were considered and results were ordered by hierarchical clustering. Note that BAFF (Tnfsf13b - 
Tnfrsf13b) and Il1 (Il1a/Il1rn - Il1r2) signaling are among the top predicted signaling axes.  
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Fig S10. Genetic ablation of β-catenin in fibroblasts causes rapid loss of body weight. 

(A,B) Genetic ablation of β-catenin in fibroblasts significantly reduces the body weight. Relative weight under 
tamoxifen diet in females (n = 2 Bcat∆/+ and n = 4 Bcat∆/∆) and males (n = 4 Bcat∆/+ and n= 3 Bcat∆/∆). Note that 
females are stronger affected than male mice and had to be sacrificed at an earlier time after TAM treatment. (C-E) 
Deletion of β-catenin in fibroblasts reduces the colon length. (F,G) Representative images of liver (F) and spleen (G) 
in Bcat∆/+ and Bcat∆/∆ female mice. (HI) Histologic analysis: no effect on proliferation of intestinal and colonic epithelial 
cells. (H) Representative images for Ki67 staining in small intestine (top) and colon (bottom). Bcat∆/+ and Bcat∆/∆ male 
mice are shown. (I) Quantification of nuclear Ki67 (% of total number of nuclei) in n = 4 Bcat∆/+ and n = 3 for Bcat∆/∆ 
male mice. Statistical significance was determined by two-tailed unpaired t-test or two-way analysis of variance 
(ANOVA) when repeated measurements were compared. p < 0.05 was considered as statistically significant. ns: non-
significant. (J) Fluorescence imaging of skin tissue sections collected 1 week after Tamoxifen administration in 
Col1a2-CreERT2 controls (left) or Col1a2-CreERT2L mice crossed with tdTomato Cre-reporter allele (Rosa-CAG-LSL-
tdTomato-WPRE; right). All alleles were heterozygous, counterstaining with DAPI. Note the widespread tdTomato 
induction in the dermal fibroblast layer, but not in the epidermis (arrowheads). Scale bars: 100 µm. Histologic analysis 
was performed once, all other measurements were repeated twice independently. 
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Fig S11. Reduced Wnt signaling in the TME/CAFs increases local invasion in primary tumors. 

Blocking Wnt signaling in the TME (A,B), as well as genetic ablation of Ctnnb1 in fibroblasts (C) increases local 
invasion in subcutaneous tumor models. Immunostaining of β-catenin and quantification of small tumor cell clusters 
(< 10 cells) at the invasive front of Sfrp1 tumors (A), Dkk1 tumors (B), and in tumors of Bcat∆/∆ mice (C). The tumor 
margin in marked by a dashed line and arrowheads mark tumor cell clusters. For all experiments, at least 10 visual 
fields per tumor were quantified in n = 5 tumors each and the mean number of clusters is shown ± SEM. Statistical 
significance was determined by two-tailed unpaired t-test, with p < 0.05 considered as statistically significant. Note 
that β-catenin expression was generally low in stromal cells. Scale bars: 100 µm. All the stainings were performed 
once. 


