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Supplementary Figures 

 
 

 
 

Supplementary Figure 1: (a) Images of the laboratory procedure for piglet small intestine mucosa/submucosa 
decellularization. (b) Sus scrofa small intestine sections pre- and post-decellularization staining. Hematoxylin/eosin, 
Picrosirius Red, Verhoeff’s and Alcian Blue for cell nuclei, collagen, elastin and glycosaminoglycans, respectively. The 
images show complete removal of antigenic cellular material, and high preservation quality of extracellular matrix 
proteins after the process of decellularization. Scale bars 250 µm. 
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Supplementary Figure 2: Spectrophotometry graphs representing sample gelation kinetics for 10 mg/mL ECM gels 
freshly prepared at 4ºC, stored at -20ºC, and stored at room temperature for 1 month. No statistically significant 
difference in the Tlag is observed between the freshly prepared and the -20ºC stored. RT stored gel fails gelation as no 
sigmoidal curve is observed. Values are mean of 2 biological replicates, 7 technical replicates each. Student t-test p-
value ≤ 0.05. 
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Supplementary Figure 3: (a) Metabolomics screening. List of compounds found in all 3 different batches of SI ECM 
pre-gel analyzed. (b) Number of unique peptides and protein sequence coverage for the ECM proteins shown in Figure 
2B. (c) Full resolution results of the hierarchical clustering analysis reported in Figure 2C, image has been 90-degree 
rotated for clarity. 
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Supplementary Figure 4: Immunofluorescence staining of tissue and gel cryosections. Nuclei in blue, FITC-conjugated 
B4 isolectin (BSI-B4; Griffonia (Bandeiraea) simplicifolia) in green, and anti-alpha-Gal antibody (M86) in red. 
Immunofluorescence shows presence of alpha-gal antigen in fresh piglet small intestinal tissue, residual antigen 
presence in decellularized tissue, absence in 6 different batches of piglet ECM gels. Scale bars 100 µm. 
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Supplementary Figure 5: Direct derivation of human gastric organoids, and human small intestinal organoids, from 
pediatric donor biopsies in 4 mg/mL small intestinal ECM gel and Matrigel control. Scale bars 200 µm. 
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Supplementary Figure 6: Co-polymerization of the ECM-derived hydrogel with photo-crosslinkable polyacrylamide to 
design a flat hydrogel with tunable properties. (a) Scanning electron microscopy (SEM) images of the ECM-PA co-
polymer hydrogel displaying the homogenous distribution of the ECM fibers on the surface of the polymer. Scale bars 
10 µm and 1 µm. (b) Atomic Force Microscopy (AFM) characterization. This graph represents the Young's modulus of 
different hydrogel with growing concentration of polyacrylamide compared to ECM, showing the possibility to tune the 
stiffness properties of the co-polymer. (c) Mouse and human small intestinal organoids disaggregated to single cells 
and plated as monolayer on the ECM-PA hydrogel. The cells show adhesion and proliferation until confluence. Scale 
bar 100 µm. (d) Immunofluorescence staining showing epithelial colony organization. Scale bars 50 µm. 
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Supplementary Figure 7. RNA-seq analysis of human organoids cultured in ECM gel vs Matrigel. (A-B) Results of 
human pediatric small intestinal organoids. (a) Hierarchical clustering of ECM-associated DEGs. (b) Results of over-
representation analysis of DEGs within the following GO categories: GO-BP (top), GO-CC (middle), and GO-MF 
(bottom). Similar categories are clustered according to kappa score and indicated by different colors. Larger circle size 
indicates higher significance. Benjamini-Hochberg-corrected p-values from right-sided hypergeometric test. GO-BP 
corrected p-value<0.001, GO-CC and GO-MF corrected p-values< 0.05. (c) Cluster map of human ductal liver organoids 
cultured in ECM gel vs Matrigel. (d) Cluster map of human fetal hepatic organoids cultured in ECM gel vs Matrigel. 

 

 

 

 

 

 

Supplementary Figure 8: Two months mouse subcutaneous transplantation of human fetal pancreatic organoids in 
ECM gels and Matrigel. (a) Recovery of silicon rings from mouse back with ECM gels after 2 months. Scale bar 5 mm. 
(b) H&E staining of pancreatic ducts showing comparable morphology after in vivo transplantation in ECM gel and 
control Matrigel. Scale bar 500 µm. (c) Immunofluorescence staining of human fetal ducts in ECM gel and Matrigel after 
2 months in vivo, showing high expression of pancreatic markers insulin promoter factor 1, epithelial cadherin and 
cytokeratin-19. Scale bar 100 µm. 
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Supplementary Tables 

 

 

Supplementary Table 1: Gelation characterization of different ECM concentrations 

 

ECM gel 
Lag Period (Tlag) 

(min, SD) 

Gelation Rate (S) 

(AU/min, SD) 

Gelation Half-time 

(T1/2) 

(minutes, SD) 

10mg/ml 16.39  0.63 0.047  6.33 x 10-4 26.92  0.78 

8mg/ml 15.96  0.82 0.048  7.59 x 10-4 26.30  0.59 

6mg/ml 12.79  1.37 * 0.059  2.66 x 10-3 21.25  0.83 

 

 

 

Supplementary Table 2: Good Manufacturing Practice (GMP) marketed reagents 

 

Good Manufacturing Practice (GMP) 
products 

Company Product code Pack size 

Milli-Q® Integral ultrapure water Type I, 0.22 
μm filtered 

Merck 
Millipore 

ZRXQ015WW unlimited 

Sodium deoxycholate (SDC) PharmaGrade 
manufactured under appropriate controls 

Merck - Sigma 
Aldrich 

S1827 1 kg 

Sodium chloride (NaCl) PharmaGrade, USP, 
Manufactured under appropriate GMP 
controls 

Merck - Sigma 
Aldrich 

RES0926S-
A705X 

25kg 

DNase I, recombinant, RNase-free, GMP 
Grade 

Roche - 
CustomBiotech 

03724751103 4 kU 

GMP-certified and virus validated Pepsin, 
pharmaceutical and technical grade 

Biofac Pepsin 
Powder – 
GMP grade 

1 kg 

Probumin® Bovine Serum Albumin (BSA) 
Biotech Grade 

Merck - Sigma 
Aldrich 

820476 5 kg 

Hydrochloric acid (HCl) Grade ACS reagent, 
reag. ISO, reag. Ph. Eur. 37% 

Merck - Sigma 
Aldrich 

30721-1L-M 1 L 
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Supplementary Table 3: Mouse small intestinal organoid medium 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Table 4: Human pediatric and fetal small intestinal organoid medium 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Component Stock conc. Final conc. 

Advanced DMEM F-12 (Thermo 12634) - To volume 

HEPES (Thermo 15630080) 1 M 10 mM 

Glutamax (Thermo 35050061) 100 X 2 mM 

B-27 supplement minus vitamin A (Thermo 12587010) 50 X 1 X 

n-acetylcysteine (Sigma A9165) 500 mM 1.25 mM 

Pen/Strep (Thermo 15140122) 100 % 1 % 

Wnt-3A (Peprotech 315-20) optional 50 µg/mL 100 ng/mL 

R-spondin 1 (Peprotech 120-38) 100 µg/mL 500 ng/mL 

Noggin (R&D 6057-NG) 100 µg/mL 100 ng/mL 

EGF (Thermo PMG8043) 500 µg/mL 50 ng/mL 

Component Stock conc. Final conc. 

Advanced DMEM F-12 (Thermo 12634) - To volume 

HEPES (Thermo 15630080) 1 M 10 mM 

Glutamax (Thermo 35050061) 100 X 2 mM 

B-27 supplement minus vitamin A (Thermo 12587010) 50 X 1 X 

n-acetylcysteine (Sigma A9165) 500 mM 1.25 mM 

Pen/Strep (Thermo 15140122) 100 % 1 % 

Wnt-3A (Peprotech 315-20) 50 µg/mL 100 ng/mL 

R-spondin 1 (Peprotech 120-38) 100 µg/mL 500 ng/mL 

Noggin (R&D 6057-NG) 100 µg/mL 100 ng/mL 

EGF (Thermo PMG8043) 500 µg/mL 50 ng/mL 

Gastrin (Sigma G9020) 100 µM 10 nM 

GSK-3 inhibitor (CHIR 99021) (Tocris 4423) 3 mM 3 µM 

TGFb inhibitor (A83-01) (Sigma SML0788) 500 µM 500 nM 

P38 inhibitor (SB202190) (Sigma S7067) 30 mM 10 µM 

Prostaglandin E2 (Cambridge cay14010) 100 µM 10 nM 
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Supplementary Table 5: Human pediatric gastric organoid medium 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Table 6: Human fetal hepatocyte organoid medium 

 

Component Stock conc. Final conc. 

Advanced DMEM F-12 (Thermo  12634028 ) - To volume 

Penicillin Streptomycin ( Thermo 15140122) 100% 1% 

L-Glutamine (Thermo 10378016) 100 X 1X  

B-27 supplement (Gibco 17504-044) 50 X 1 X 

R-spondin (conditioned medium Hans Clevers Lab) 10 mL 15% 

EGF (Thermo PMG8043) 500 µg/mL 50 ng/mL 

n-acetylcysteine (Sigma A9165) 500 mM 1.25 mM 

Gastrin (Sigma G9020) 100 µM 10 nM 

Nicotinamide (Sigma 72340) 1 M 10 mM 

FGF7 (Peprotech 100-19) 50 µg/mL 100 ng/mL 

FGF10 (Peprotech 100-26) 100 µg/mL 100 ng/mL 

HGF (Peprotech 100-39) 20 µg/mL 50 ng/mL 

GSK-3 inhibitor (CHIR 99021) (Tocris 4423) 3 mM 3 µM 

TGFα (Peprotech 100-16A) 20 µg/mL 50 ng/mL 

Primocin  (Thermo) 50mg/mL 100 µg/mL 
 

 

 

 

 

 

 

 

Component Stock conc. Final conc. 

Advanced DMEM F-12 (Thermo 12634) - To volume 

HEPES (Thermo 15630080) 1 M 10 mM 

Glutamax (Thermo 35050061) 100 X 2 mM 

B-27 supplement minus vitamin A (Thermo 12587010) 50 X 1 X 

n-acetylcysteine (Sigma A9165) 500 mM 1.25 mM 

Pen/Strep (Thermo 15140122) 100 % 1 % 

Wnt-3A (Peprotech 315-20) 50 µg/mL 100 ng/mL 

R-spondin 1 (Peprotech 120-38) 100 µg/mL 500 ng/mL 

Noggin (R&D 6057-NG) 100 µg/mL 100 ng/mL 

EGF (Thermo PMG8043) 500 µg/mL 50 ng/mL 

Gastrin (Sigma G9020) 100 µM 10 nM 

GSK-3 inhibitor (CHIR 99021) (Tocris 4423) 3 mM 3 µM 

TGFb inhibitor (A83-01) (Sigma SML0788) 500 µM 5 µM 

FGF10 (Peprotech 100-26) 100 µg/mL 200 ng/mL 
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Supplementary Table 7: Human liver ductal organoid medium 

 

Component Stock conc. Final conc. 

Advanced DMEM F-12 (Thermo  12634028 ) - To volume 

Penicillin Streptomycin ( Thermo 15140122) 100% 1% 

L-Glutamine (Thermo 10378016) 100 X 1X  

B-27 supplement (Gibco 17504-044) 50 X 1 X 

n-acetylcysteine (Sigma A9165) 500 mM 1.25 mM 

R-spondin (conditioned medium Hans Clevers Lab) 10 mL 10% 

EGF (Thermo PMG8043) 500 µg/mL 50 ng/mL 

Gastrin (Sigma G9020) 100 µM 10 nM 

FSK stock 10 µL 10 μM  

FGF10 (Peprotech 100-26) 100 µg/mL 100 ng/mL 

HGF (Peprotech 100-39) 20 µg/mL 25 ng/mL 

TGFb inhibitor (A83-01) (Sigma SML0788) 5 mM 50 μM  

Primocin (Thermo) 50mg/mL 100 µg/mL 

Nicotinamide (Sigma 72340) 1 M 10 mM 
 

 

 

 

Supplementary Table 8: Human fetal pancreatic organoid medium 

 

Component Stock conc. Final conc. 

Advanced DMEM F-12 (Thermo  12634028 ) - To volume 

Penicillin Streptomycin ( Thermo 15140122) 100% 1% 

L-Glutamine (Thermo 10378016) 100 X 1X  

B-27 supplement (Gibco 17504-044) 50 X 1 X 

N-2 supplement (Gibco 17502-048) 50 X 1 X 

Nicotinamide (Sigma 72340) 2 M 10 mM 

N-Acetyl-L-cysteine (Sigma A9165) 1 mM 1 µM 

R-spondin 1 (Peprotech 120-38) 100 µg/mL 500 ng/mL 

Noggin (Peprotech 120-10C) 100 µg/mL 100 ng/mL 

EGF (Peprotech AF-100-15) 50 µg/mL 50 ng/mL 

FGF-10 (Peprotech AF-100-26) 100 µg/mL 100 ng/mL 

Exendin4 (Sigma E7144)  100 µM 100 nM 

Gastrin (Sigma G9020) 100 µM 100 nM 
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Supplementary Table 9: Antibody and molecule list 

 

Antibody/conjugated molecule Dilution 

Ezrin (Thermo PA5-29358) 1:100 

rFABP1 (R&D AF1565) 1:100 

FITC-conjugated B4 isolectin (BSI-B4; Griffonia (Bandeiraea) simplicifolia) (Sigma L2895)  20 µg/mL 

alpha-Gal (M86) (Enzo ALX-801-090-1) 1:5 

GFP (Thermo A-21311) 1:100 

E-cadherin (BD 610182) 1:100 

Muc-1A (Termo HM-1630-P0) 1:200 

PDX-1 (Abacm AB47308) 1:200 

Sox-9 (Merk AB5535) 1:500 

Ki-67 (ABCAM Ab15580) 1:200 

Lysozyme (Genetex GTX72913) 1:100 

Lysozyme (Genetex GTX39779) 1:100 

Mucin-2 (Genetex GTX100664) 1:100 

Villin (Genetex GTX109940) 1:100 

Olfactomedin-4 (Cell signaling 14369S) 1:50 

Cytokeratin-20 (Proteintech 60183-1-lg) 1:100 

Zonula occludens-1 (Invitrogen 40-2200) 1:200 

Mucin-5AC (Thermo MA5-12178) 1:100 

Cytokeratin-19 ( Abcam AB76539) 1:100 

Phalloidin 488 (Thermo A12379) 1:200 

Goat anti-Rabbit 594 (Thermo A11012) 1:500 

Goat anti-Rabbit 568 (Thermo A11011) 1:500 

Goat anti-Rabbit 488 (Thermo A11008) 1:500 

Goat anti-Mouse 488 (Thermo A11001) 1:500 

Goat anti-Mouse 568 (Thermo A10037) 1:500 

Donkey anti-Goat 647 (Thermo A-21447) 1:500 

Anti-Guinea pig ( Jackson 706-165-148) 1:500 

Anti-Hamster ( Abcam AB175716) 1:500 

Hoechst 33342 (Thermo H1399) 10 µg/mL 

Calcein-AM (Thermo L3224) 3 µM 

Ethidium homodimer-1 (Thermo L3224) 3 µM 
 


