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Figure S1, related to Figure 1. Association of TGFB1, TGFB2 and TGFB3 mRNA levels 

with CRC relapse. A, Hazard ratio (HR) of recurrence as a smooth function shows higher 

risk of relapse for patients bearing CRCs with high expression of TGFB1, TGFB2 or 

TGFB3 mRNA. Groups for low (L; blue), medium (M; gray) and high (H; red) TGFB1, 

TGFB2 or TGFB3 mRNA are indicated by blue dashed lines. Red dashed lines indicate 95 

% confidence interval. TGFB1 and TGFB3 expression levels have statistically significant 

predictive power for disease-free survival. p-Values and increase in HR per each increase 

in expression (+1SD) were obtained via the Cox proportional hazards model. B, HRs and 

p-values for recurrence-free survival probability comparing patients bearing low vs 

medium, low vs high and medium vs high expression of TGFB1, TGFB2 and TGFB3. HR 

and p-values are indicated. C, TGFB1, 2 and 3 mRNA levels are increased in CRC 

samples () compared to adenomas (). Each dot represents a patient sample in a log2 

scale (***: p<0.001, Student’s t test). D, p-SMAD3 staining in representative human 

adenoma and CRC samples. Filled arrowheads point to epithelial cells, empty arrowheads 

to stromal cells. Arrows show strong p-SMAD3 staining in CRC stroma cells. Ad: adenoma 

cells, CRC: carcinoma cells, Str: stroma. Scale bars = 100 μm (left panels) or 50 μm (right 

panels). E, Classification of the Adenomas (n = 25) and CRC samples (n = 30) analyzed 

according to the distribution and intensity of nuclear p-SMAD3 reactivity in epithelial and 

stromal cells. p-Values were calculated using Fisher’s exact test (**: p<0.01; ***: p<0.001). 

F, Relative p-SMAD3 positivity in stromal vs epithelial cells in (D). Dots represent samples. 

p-Value calculated using Fisher’s exact test. 
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Figure S2, related to Figure 2. A-D, Co-immunostaining of p-SMAD3 and FAP (a CAF-

specific marker; A, B) and p-SMAD3 and CD31 (an endothelial cell-specific marker; C, D) 

in representative human CRC samples. Purple arrows indicate FAP staining, arrowheads 

point to CD31 membrane staining and brown arrows point to nuclear p-SMAD3 staining. T: 

tumour cells, Str: stromal cells. Scale bars = 10 μm. E-H, Double immunofluorescence of 

representative human CRC samples for p-SMAD3 (red) and markers (in green) for T-cells 

(CD3, CD4, CD8; E), leukocytes (CD45; F), B-cells (CD19; G) and macrophages (CD14, 

CD68; H). White arrows point to cells co-stained for nuclear p-SMAD3 and the indicated 

cell type specific membrane marker. Scale bars = 10 μm. I, Kaplan-Meier plot displays 

recurrence-free survival over time for CRC patients including stage IV. p-Values and HR 

(+1SD) are shown. HR and p-values comparing recurrence-free survival probability over 

time for patients grouped according to TGFB expression levels (L vs M, L vs H and M vs 

H) are also listed. J, Smooth function correlates overall TGFB mRNA expression with 

relative risk of recurrence in stage IV patients. Red dashed lines indicate 95% confidence 

interval. Blue dashed line shows the threshold for patient selection into groups with low-

medium (LM, blue, n = 12) and high (H, red, n = 15) TGFB expression levels. Numbers of 

patients in each group are indicated. HR and p-values are indicated. K, Kaplan-Meier plot 

displays recurrence-free survival over time for the groups of CRC patients defined in panel 

(J). HR and p-values for recurrence-free survival probability over time comparing patients 

bearing low-medium vs high expression of TBRS are indicated. L, Kaplan-Meier plots 

display recurrence-free survival over time for stage IV CRC patients defined by groups 

with low-medium (LM, blue) and high (H, red) expression levels of F-TBRS, T-TBRS, Ma-

TBRS or End-TBRS. HR and p-values for recurrence-free survival probability over time 

comparing patients bearing low-medium vs high expression of TBRS are indicated. p-

Values and HR (+1SD) in TGFB, F-TBRS, T-TBRS, Ma-TBRS and End-TBRS were 

obtained via the Cox proportional hazards model. 
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Figure S3, related to Figure 3. TGF-beta secretion has no autocrine effect on CRC cell 

lines bearing inactivating mutations in TGF-beta pathway components. A, Luciferase 

assay with pCAGA-Luc12x reporter shows no TGF-beta pathway activation in the 

indicated CRC cell lines secreting TGF-beta (red) compared to control cells infected with 

empty vector (blue). Values are mean ±SD (n = 3). B, TGF-beta secreting CRC cell lines 

and their controls show identical growth rates in vitro. Wells were assayed for each time 

point. Results show relative absorbance over time ±SD (n = 3). C, D, CRC cell lines 

secreting TGF-beta show no signs of epithelial-to-mesenchymal transition (EMT) by 

morphology (C; Scale bars = 50 μm) or expression of the indicated classical EMT marker 

genes (D; relative mRNA levels measured by qRT-PCR) compared to their controls. 

Values are mean ±SD (n = 3). E, HT29-M6Con or HT29-M6TGF-β cells were injected 

subcutaneously into NSG mice. Kaplan–Meier curves show diminished tumour-free 

survival for mice injected with 3x104, 6x103 (n = 8 per condition) and 103 (n = 10 per 

condition) TGF-beta-expressing cells compared to their controls (Bottom left: p-value; 

Upper right: cell numbers). 
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Figure S4, related to Figure 4. Primary tumours formed in the caecum after injection of 

TGF-beta secreting or control KM12L4a cells are histologically similar. H&E staining of 

representative primary tumours from mice injected with KM12L4aCon (Aa-c) or 

KM12L4aTGF-β (Ba-c) in the caecum wall. ML: muscle layer, T: tumour cells. Scale bars = 

400 μm (Aa, Ba) or 50 μm (Ab-c, Bb-c). C, In vivo bioluminescence of mice after 

intrasplenic injection with 105 KM12L4aCon (blue) or KM12L4aTGF-β (red) cells. Signals were 

normalized to day 0, which was arbitrarily set as 100, data are averages ±SEM (n = 4; *: 

p<0.05). D, Inducible TGF-beta HT29-M6 cells were either pretreated with Doxycyclin 

(Dox) in vitro 24h before intrasplenic inoculation (2x106 cells, red line) or left untreated 

(blue). Recipient mice were administered either Dox (red line) or vehicle (blue) in drinking 

water ad libitum during three days prior to injection and kept under treatment for an 

additional 24 hours. Normalized bioluminescence over time from mice injected with 2x106 

cells. Signal intensities were normalized to day 0 which was arbitrarily set to 100. Values 

are mean ± SEM (n = 5; *: p<0.05). E-L, TGF-beta activation of metastatic stroma is 

associated with desmoplasia. H&E (E, G, I, K) and α-SMA (smooth muscle actin; F, H, J, 

L), staining of representative liver metastases generated after intrasplenic injection of 

KM12L4aCon (E, F), KM12L4aTGF-β (G, H), HT29-M6Con (I, J) or HT29-M6TGF-β cells (K, L). 

Met: metastasis. Scale bars = 50 μm. M, N, p-SMAD2 staining in histological sections of 

liver metastasis generated from HT29-M6Con (M) or HT29-M6TGF-β cells (N). Note strong p-

SMAD2 nuclear staining in stromal cells (inset in N; arrowhead). E: epithelial cells, Str: 

stromal cells. Scale bars = 10 μm.  
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Figure S5, related to Figure 6. A-H, STAT3 activation in metastatic CRC cells. H&E (A, 

C, E, G) and p-STAT3 (B, D, F, H) staining of representative liver metastases generated 

after intrasplenic injection of KM12L4aCon (A, B) and KM12L4aTGF-β (C, D) cells, or HT29-

M6Con (E, F) and HT29-M6TGF-β cells (G, H). Note strong p-STAT3 staining in epithelial 

cells (arrows in D and H) from metastasis derived from TGF-beta secreting cells compared 

to metastasis derived from control cells (arrowheads in B and F). E: epithelial cells, Str: 

stromal cells. Scale bars = 50 μm. I, Relative GP130 mRNA levels in HT29-M6 cells 

measured by qRT-PCR. Values are mean ±SD (n = 3). J, Western blots shows GP130 

(upper panel) and p-STAT3 (middle panel) protein levels in HT29-M6 cells (shCV or 

shGP130) treated with recombinant IL11. Bottom panel shows total STAT3 protein levels. 

K, HT29-M6shCon or HT29-M6shGP130 cells show identical in vitro growth kinetics. Triplicate 

wells were assayed for each time point. Results show relative absorbance over time ±SD. 

L, Kaplan–Meier curves show equivalent tumour-free survival for mice injected 

subcutaneously with 3x104 HT29-M6shCon (red; n = 10) or HT29-M6shGP130 cells (blue; n = 

10). 
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Figure S6, related to Figure 7. CRC cells secreting IL6 or IL11 give rise to equivalent 

primary tumours in the mouse caecum compared to controls. Aa-Cc, H&E stainings of 

representative primary tumours generated after intracaecum injection of KM12L4a control 

cells (Con), cells overexpressing IL11 or cells overexpressing IL6. NM: normal mucosa, 

ML: muscle layer, T: tumour cells. Scale bars = 400 μm. D, Pie charts evaluate 

submucosal or lymphatic vessel invasion in KM12L4aCon (n = 7) and KM12L4aIL6 (n = 7)-

derived caecum tumours. E, Table shows incidence of distant metastasis in mice from 

panel (D). 
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Supplemental Experimental Procedures 

 

Classification of tumour samples according to p-SMAD3 staining. Adenomas (n = 25) 

and CRC (n = 30) samples collected from patients treated at Hospital del Mar (Barcelona, 

Spain) were stained with anti-p-SMAD3 antibody. Qualitative categorization of the samples 

according to p-SMAD3 staining in tumour-associated stroma and epithelial cancer cells 

was performed by an expert pathologist (M.I.). Average staining levels were summarized 

into three categories; high, medium and low. For tumour-associated stroma, all cell types 

were taken into consideration. 

 

Tumour disaggregation, staining and expression profile. Freshly obtained tumours 

from CRC patients treated at Hospital del Mar or Hospital Clinic (Barcelona, Spain) were 

minced with sterile razor blade and incubated for 20-30 minutes at 37ºC in DMEM/F12 

(Gibco), containing 100X penicillin/streptomycin (Gibco); and Collagenase IV (Sigma; 100 

U mL-1). Pieces were then homogenized by pipetting and passed through consecutive 18G 

and 21G needles. Enzymatic reaction was stopped by adding 10% FBS and single cells 

were collected by sequential filtering through cell strainers of 100 µm → 70 µm → 40 µm 

(BD Falcon). Cells were centrifuged, resuspended in 5 ml ammonium chloride (0.15M; 

Sigma Aldrich) and incubated 3 minutes at room temperature to lyse erythrocytes. After 

two washes with HBSS (Lonza), cells were stained in staining buffer (SB: DMEM/F12 + 

5% FBS) with FAP unconjugated antibody (30 min; 1/50). After two washes with HBSS 

(Lonza), cells were stained in SB with an APC conjugated donkey anti-rabbit antibody (30 

min; 1/400; Jackson); anti-hEPCAM/TROP1-FITC conjugated antibody (30 min; 1/50; 

R&D), anti-CD31-PE conjugated antibody (10 min; 1/10; Miltenyi Biotec), anti-CD45-PE-

Cy7 conjugated antibody (30 min; 1/50; R&D). Dead cells were labelled with Propidium 

Iodide (Sigma Aldrich). Fluorescence Activated Cell Sorting (FACS) was used to separate 
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2000 cells from each tumour cell population; CD45+EPCAM-CD31-FAP-, CD45-

EPCAM+CD31-FAP-, CD45-EPCAM-CD31+FAP- and CD45-EPCAM-CD31-FAP+ from 

six primary CRC samples. RNA was processed and amplified as previously described 

(Gonzalez-Roca et al., 2010). Each sample (4 tumour cell populations per 6 CRC 

samples) was hybridized on HT HG-U133+ PM arrays (GEO dataset GSE39396). We also 

isolated by FACS CD45+EPCAM-, CD45-EPCAM+ and CD45-EPCAM- populations from 

eight additional CRC samples. This second set (3 tumour cell populations per 8 samples) 

was hybridized on Affymetrix Human Genome U133 Plus 2.0 Array (GEO dataset 

GSE39395). Labelling and hybridization of samples on Affymetrix gene expression chips 

were performed by the IRB Transcriptomic Core Facility using standard methodology.  For 

analysis, we pooled 14 CD45+ and EPCAM+ arrays from the two sets of hybridizations.  

We used limma to adjust for batch effects at the probeset level. We performed the three 

contrasts FAP+ vs CD31+, FAP+ vs CD45+ and FAP+ vs EPCAM+, and defined FAP-

specific genes as those up-regulated with limma p-value < 0.05 (Smyth, 2004) in all three 

comparisons. We defined CD31, CD45 and EPCAM-specific genes analogously. 

 

Generation of gene expression signatures. Normal colon mucosa-derived fibroblasts 

(CCD-Co-18) were seeded at 60% confluence and treated with TGFB1 (Peprotech; 5 ng 

mL-1) for 8 hours. Gene expression profiles were measured in duplicate using HG-U133 

plus 2.0 (GEO dataset GSE39394). We used RMA background correction, quantile 

normalization and RMA summarization (Gautier et al., 2004). A TGF-beta response 

signature (F-TBRS) was obtained by selecting genes with limma p-value < 0.05 and at 

least two fold up-regulation in TGF-beta treated fibroblasts. 

TGF-beta response signatures in T-Cells (Stockis et al., 2009), macrophages (Gratchev et 

al., 2008) and endothelial cells (Wu et al., 2006) had been previously described. For the T-

TBRS we use the GEO dataset GSE14330 (Stockis et al., 2009) and for macrophages 
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(Ma-TBRS) we used GSE7568 (Gratchev et al., 2008). TBRS signatures were defined as 

genes with limma p-value < 0.05 and at least two fold up-regulated in TGF-beta treated 

samples. In the case of T-Cells we pooled together gene expression datasets of 

independent Th clones cultured plus or minus addition of TGF-beta as described in 

GSE14330 (Stockis et al., 2009). For the case of macrophages, we compared microarray 

data from mature macrophages (treated with IL4 in combination with dexamethasone for 5 

days), stimulated or not with TGF-beta during 24h as detailed in GSE7568 (n = 5 samples 

in each group). For the endothelial TGF-beta response signature (End-TBRS), we used 

the list of genes upregulated in Human Microvessel Endothelial Cells upon TGF-beta 

exposure as previously described (Wu et al., 2006), again selecting genes with p-value < 

0.05 and at least two fold up-regulated. The full TBRS gene lists are provided as a 

supplementary excel file (Table S4). 

To obtain the IL11 response signature in cancer cells (IL11RS) HT29-M6 cells were 

seeded at 60% confluence and treated with recombinant human IL11 for 1 hour (50 ng mL-

1; Peprotech). Gene expression profiles were measured in duplicate using PrimeView 

Affimetrix arrays. We used RMA background correction, quantile normalization and RMA 

summarization (Gautier et al., 2004) and select genes with limma p-value < 0.05 and at 

least 1.25 fold up-regulation in IL11 treated cancer cells (read below). To perform clinical 

association analysis we converted these data into HG-U133 plus2.0 probes set. The 

IL11RS gene list is provided in Table S4. 

 

Association of overall TGFB, TGFB1, TGFB2, TGFB3 and gene expression 

signatures with clinical outcome. Available annotated clinical data for GSE17537 and 

GSE14333 datasets included AJCC staging, age, gender and disease-free survival 

intervals. We analyzed time to recurrence in stage I-III patients using the pooled 

GSE17537 - GSE14333 dataset. Given that the cohort does not record recurrence status 
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for stage IV patients, for this analysis we used the GSE17538 dataset, which includes all 

GSE17537 patients and large fraction of the GSE14333 patients. In order to remove 

systematic biases between datasets, expression levels for all genes were transformed to 

z-scores prior to pooling. 

To assess TGFB1, -2 and -3, we performed a previous comparative study by qRT-PCR 

and microarray hybridization on a set of 16 mRNA samples (4 FACS sorted populations 

corresponding to 4 independent tumours). From this analysis, we identified which 

microarray probeset correlate better with measurements obtained by qRT-PCR data (i.e. 

we compare relative differences in expression between samples obtained between both 

methods). Selected probesets were TGFB1: 203085_s_at, TGFB2: 220406_at, TGFB3: 

209747_at. We used these probesets for subsequent analysis of TGF-beta expression.  

To assess the signature's predictive power on recurrence we computed the mean 

signature expression and tested its significance with a univariate Cox proportional hazards 

model likelihood ratio test. The mean signature expression was computed by obtaining z-

scores for each gene and averaging z-scores across all genes in the signature. We stress 

that, in order to avoid over-fitting, no gene selection or gene-level parameter estimation 

was performed. Rather, in this test dataset we simply computed the average z-scores of 

genes selected in the independent training datasets (see Generation of TBRS gene 

expression signatures section). We obtained a smooth estimate of the relationship 

between mean signature expression and recurrence hazard ratio (smoothCoxph function 

in package phenoTest). We obtained Kaplan-Meier survival curves for patients with low, 

medium and high average signature scores. In all signatures low signature expression was 

defined as values 1 standard deviation below the mean/median and high signature 

expression as values above the mean. These cut-offs were based on the smooth estimate 

of the hazard ratio vs overall TGFB signature expression observed in Figure 1. We 

emphasize that the defined groups were not used to assess statistical significance but only 
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to obtain Kaplan-Meier curves, i.e. for descriptive purposes. Statistical significance was 

assessed by introducing the average signature score as a continuous covariate in the Cox 

model. Statistically significant signatures from the univariate model were included in a 

multivariate Cox model, which also included age, gender, AJCC stage and study/hospital 

of data-collection as adjustment covariates. Non-significant variables were dropped from 

the model in a stepwise fashion until all variables were statistically significant. Statistical 

significance was defined at the 0.05 level. 

When defining the IL11 response signature (IL11RS) we observed that, despite a large 

number of probesets showing statistically significant differences between groups, there 

was a limited number of probesets with fold changes above 1.5. In order to capture these 

milder responses we defined the IL11 response signature as probesets with fold change 

above 1.25 and limma p-value below 0.05. As lowering the fold change cut-off may 

increase the number of non-specific probes in the signature, in this specific case we 

computed the median (and not the mean) expression of genes in patients, a statistical 

summary that is robust to the presence of outliers. 

 

Association of gene expression signatures with clinical parameters and correlation 

between signatures. GSEA (Subramanian et al., 2005) was based on ranking genes 

according to their fold change for the indicated variables. The output of GSEA is an 

enrichment score (ES), a normalized enrichment score (NES) which accounts for the size 

of the gene set being tested, a p-value and an estimated False Discovery rate (FDR). We 

used the GSEA implementation provided in the Bioconductor package phenoTest. We 

computed p-values using 10,000 permutations for each signature and adjusted them with 

the Benjamini-Yekutieli method (Benjamini et al., 2001).  

For the correlations between signatures we calculated the average signature expression 

for each patient and assessed the similarity in the computed average expression between 
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each two signatures via Spearman correlation (R). For IL11RS we used the median 

signature expression in patients. 

 

Culture of primary cells. Human CoCSCs were obtained as previously described (Jung et 

al., 2011) and grown with CoCSC-specific media (Advanced DMEM/F12, 10 mM HEPES; 

B-27 without retinoic acid, 1x; Glutamax; N-2 1x; 1 mM N-Acetyl-L-cysteine and 50 ng mL-1 

EGF) in matrigel (Matrigel Basement Membrane Matrix Low Concentration, BD). 

 

Cell lines. KM12L4a (Morikawa et al., 1988a; Morikawa et al., 1988b) cells were kindly 

provided by Dr. Isaiah J. Fidler (University of Texas). All other cell lines were obtained 

from the ATCC. Cells were maintained in DMEM supplemented with 10% FBS.  

CRC cells secreting active TGF-beta1 were generated by infection with a lentiviral vector 

(FUW) encoding the biologically active form of human TGFB1 (Brunner et al., 1989).  

For the inducible expression of TGFB1 TRIPZ lentiviral shRNAmir vector (Open 

Biosystems) was engineered to contain a Gateway cassette (Invitrogen) to inducibly 

express ORFs. TGFB1 cDNA (Brunner et al., 1989) was cloned into the pTRIPZ Gateway 

vector following manufacturer’s instructions. TGF-beta expression was induced in 

presence of Doxycycline (Dox: 1 µg mL-1; Sigma Aldrich). 

Knockdown experiments were conducted using shRNA targeting GP130 (Sigma Aldrich). 

Non-targeting shRNA sequence was used as control (Sigma Aldrich). The efficiency of the 

knockdown was confirmed by qRT-PCR using TaqMan gene expression assays (Applied 

Biosystems) and by western blot analysis. Lenti-HIV/CMV pReceiver-Lv105 Expression-

Ready commercial clones containing the cDNA sequences for human IL11 or IL6 

(Genecopeia) were used to generate CRC cell lines overexpressing soluble IL11 or IL6. 

Empty vector was used to generate control cells. All these cell lines were produced by 

lentiviral infection. Cells were selected with puromycin (Sigma Aldrich; 1 µg mL-1).  
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Doxycycline treatment. Freshly prepared Doxycycline solution (Dox: 2 mg mL-1 

doxycycline hyclate, Sigma-Aldrich in 5% sucrose) was given ad libitum to mice three days 

before inoculating cells. Mice were treated for the indicated periods of time with Dox or 5% 

sucrose solution for control animals. Solutions were change every two days. 

 

LY2157299 treatment. The TGF-beta receptor I kinase antagonist, LY2157299, 

developed by Eli Lilly (Beight, 2004; Bueno et al., 2008; Zhou et al., 2011a) was 

synthesized following the procedure described (Mundla, 2007). TGF-beta receptor type I 

inhibitor LY2157299 was suspended in a formulation (vehicle) composed of 1% sodium 

carboxy methylcellulose (NaCMC), 0.4% sodium lauryl sulfate (SLS), 0.05% anti-foam and 

0.085% polyvinylpyrrolidone (PVP) in a concentration of 6.67 mg mL-1. Mice were dosed 

twice a day with 2mg in 300 µL (2 mg) per os. starting 3 days before CRC cell lines 

inoculation. A tenfold higher dosed treatment for 3 days was used to show TGF-beta 

signalling (p-SMAD2) and target gene mRNA downregulation in pre-established 

xenografts. 

 

Bioluminescent imaging and analysis. Mice were anaesthetized, injected retro-orbitally 

with D-luciferin (Promega) and imaged for luciferase activity as previously described (Minn 

et al., 2005). Luciferase activity measured immediately after cell injection was used to 

exclude any mice that were not successfully xenografted and to normalize 

bioluminescence. To asses caspase activity 2mg of VivoGlo-Caspase-3/7 (Promega), a 

bioluminescent substrate for caspase, were injected retro-orbitally. Bioluminescence 

released by caspases in vivo was analysed six hours after the inoculation of CRC cell lines 

in mice and normalized to initial total bioluminescence. For bioluminescent tracking, cell 

lines were lentivirally infected with a fusion protein reporter construct encoding red 

fluorescent protein (Cherry) and firefly luciferase.  
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Immunohistochemistry. Immunohistochemistry was performed on paraffin sections using 

listed primary antibodies. Secondary biotinylated antibodies (Vector Laboratories Inc) were 

used at a 1/200 dilution and detected using the Vectastain ABC kit (Vector Laboratories 

Inc), as recommended by the supplier. See Antibodies section. Double 

immunohistochemistry was performed by revealing secondary antibodies (Brightvision) 

with ImmPACT VIP and DAB peroxidase Substrates (Vector Labs). 

 

Immunocytofluorescence. Primary antibodies (1/100 dilution) (see Antibodies section) 

were incubated overnight at 4°C and detected by fluorescence using goat anti-rabbit or 

donkey anti-mouse immunoglobulins coupled to fluorochromes (Molecular Probes, dilution 

1/1000) for 1 hour in the dark. Cell nuclei were stained with DAPI and slides were mounted 

in Glycerol/PBS/Phenylenediamine for observation using an SP5 confocal microscope 

(Leica).  

 

Western Blot. Protein extracts were obtained by lysing cells in 1mM EDTA, 1mM EGTA, 

1% SDS. Protein concentration was measured using the Bio-rad kit “Protein Assay”. 

Proteins were separated by SDS gel electrophoresis and transferred to PVDF membrane 

(Millipore). Primary antibodies (see Antibodies section) were incubated o/n at 4ºC in 5% 

BSA in TBS-Tween 0.1% (blocking solution). Secondary antibodies (1/10,000 dilution) 

coupled to peroxidase were incubated for 1 hour in blocking solution. Membranes were 

washed in TBS-Tween 0.1%. Immunocomplexes were detected using ECL kit (Amersham 

International). 
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Antibodies. The following primary antibodies were used. Primary antibodies: 

 

Antibody 
Manufacturer and 

Reference 
Technique and dilution used 

Phospho-Smad2 
Cell Signaling, 

Ref. 3108 

Immunohistochemistry (1/1000), 

Western Blot (1/1000) 

Phospho-Smad3 
Rockland, 

Ref. 20285 

Immunohistochemistry (1/100) 

Immunofluorescence (1/100) 

Phospho-Stat3 
Cell Signaling, 

Ref. 9145S 

Immunohistochemistry (1/200) 

Western blot (1/1000) 

Stat3 
Cell Signaling, 

Ref. 9139 
Western Blot (1/1000) 

GP130 
Cell Signaling, 

3732S 
Western Blot (1/1000) 

CD31 
Abcam, 

Ref. ab28364 

Immunohistochemistry 

(1/750) 

α-SMA 
Biogenex, 

Ref. MU128-UC 

Immunohistochemistry 

(1/100) 

CD31-APC 
Miltenyi Biotec 

Ref. 130-092-652 
FACS (1/10) 

Epcam/TROP1-

FITC 

R&D Systems, 

Ref. FAB9601A 
FACS (1/50) 

CD45-PE-Cy7 
BD, 

Ref: 557748 

FACS (1/10) 

Immunofluorescence 

(1/100) 



25 
 

Antibody 
Manufacturer and 

Reference 
Technique and dilution used 

FAP (Cheng et al., 2002) 
FACS 

(1/50) 

FAP E97 (anti-

seprase) 

Vitatex, 

Ref. MABS1004 

Immunohistochemistry 

(1/50) 

CD4 
BD 

Ref: 555346 

Immunofluorescence 

(1/100) 

CD8 
BD 

Ref: 555369 

Immunofluorescence 

(1/100) 

CD3 
BD 

Ref: 555333 

Immunofluorescence 

(1/100) 

CD19 
BD 

Ref: 555413 

Immunofluorescence 

(1/100) 

CD14 
BD 

Ref: 555398 

Immunofluorescence 

(1/100) 

CD68 
Ebioscience 

Ref: 11-0689-71 

Immunofluorescence 

(1/100) 

 

 

Quantitative RT-PCR. RNA was extracted using Trizol Reagent (Invitrogen) and qRT-

PCR was performed using TaqMan assays (Applied Biosystems) following manufacturer’s 

instructions. Data were analyzed using StepOneV2.0 software (Applied Biosystems).  

To obtain overall TGFB mRNA levels showed in Figure 5D we calculated an average ∆∆CT 

from the individual ∆∆CTs of each TGFB isoform. Plot represents 2-Average( ∆∆CT). Results are 

normalized to HT29-M6 cells.  
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Luciferase reporter assay. The reporter plasmid for TGF-beta activity, pCAGA-Luc12x 

has been previously described (Dennler et al., 1998). Transient transfections of Firefly 

reporter and Renilla luciferase (pRL-TK; Promega) as transfection control were performed 

with Polyethylenimine (PEI) reagent (Polysciences Inc.). Cells were lysed in Passive Lysis 

Buffer 1X (Promega) and measured with Dual Luciferase Reporter Assay System 

(Promega). Firefly luciferase activity was normalized with Renilla luciferase activity and 

data were expressed as fold induction in the experimental condition compared to the 

control. Luciferase assays were performed in triplicate and SD was determined. 

 

Cell growth and Colony Formation Assays. 3000 CRC epithelial cells were plated in 0.1 

mL DMEM 5% in 96-well flat bottom plates. Media was changed every 24 hours. At the 

indicated time points, 20 µl of Celltiter 96 Aqueous One Solution Cell Proliferation Assay 

(Promega) was added to each well and incubated for 2 hours. Absorbance at 490 nm was 

determined using Universal microplate reader (Bio-Tek Instruments, Inc). CoCSCs were 

seeded and grown with soluble TGF-beta1 (5 ng mL-1) or LY2157299 (10 μM) compared 

to control.  

Growth assay for CoCSCs was assessed using CellTiter-Glo Luminescent Cell Viability 

Assay (Promega). Grown colonies were counted using ImageJ software. Triplicate wells 

were assayed for each condition and SD was determined. 
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