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Supplemental Figures 

 

 

 

 

Figure S1. Workflow of culture of patient-derived high-risk colorectal adenoma organoids 

HRCA-PDOs. 
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Figure S2. The HRCA-PDOs were purified in Wnt3a-deficient culture condition. The 

patient-derived HRCA samples were digested and divided into two parts for organoid 

culture with the medium with (+Wnt3a) or without Wnt3a (-Wnt3a). The PDO cultures from 

Pa2 were obtained for immunohistochemical staining of c-Myc. The representative pictures 

were displayed. For weak c-Myc staining as light brown, we score it as 0 and for strong c-

Myc staining as dark brown or even near black, we score it as 1. Five sets of experiments 

were performed and the percentage of organoids with strong c-Myc staining .was 

calculated for analysis (C, n=5). Scale bar: 100 μm. All data were presented as mean ± SD 

and subjected to Student’s t-test: *** indicates P < 0.001 as -Wnt3a versus +Wnt3a.  
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Figure S3. Characterization of HRCA-PDO biobank derived from different patients. 

Organoid arrays showed the bright-field, H&E, Ki-67, c-Myc, and E-cad staining in 20 

HRCA-PDO lines. Black and white scale bars, 50 μm.  
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Figure S4. The mutation landscapes of adenomas from four patients were displayed 

comparing to the corresponding HRCA-PDOs. A. The types of genetic alteration (noted 

by color code) were displayed for the commonly mutated genes. B. The Venn diagrams 

indicated the number of organoid only, adenoma biopsy only and concordant mutated 

genes for P(O)1-4. 
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Figure S5. GO and KEGG analysis based on DEGs. (A-B) Function enriched analysis 

for DEGs between adenoma and mucosa. (C-D) GO and KEGG analysis based on 

downregulated DEGs between adenoma and mucosa. (D-E) Function enriched analysis 

for DEGs between adenoma and CA organoid. 
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Figure S6. Comparison of gene expression profiles between colorectal adenoma 

organoids and adenocarcinoma organoids. (A) Clustered heatmap of RPKMs of 2689 

genes expressed in mucosa, adenoma, adenoma organoids (RNA-seq results as Figure 

3A) and adenocarcinoma organoids (data from GSE65253) after normalization. (B) 

Clustered heatmap of RPKMs of c-Myc, LGR5, OLFM4, CD44, CD166 (ALCAM) and 

CD133 (PROM1) expressed in four groups. (C) The results of RPKMs of c-Myc, LGR5, 

OLFM4, CD44, CD166 (ALCAM) and CD133 (PROM1) in adenoma organoids and 

adenocarcinoma organoids were plotted for comparison. All data were presented as mean 

± SD (n = 4 in adenoma organoid group, n=108 in adenocarcinoma organoid group) and 

subjected to Student’s t-test. ** indicates P < 0. 01. **** indicates P < 0. 0001. (D) The 

volcano plot showed the 194 DEGs (117 downregulated and 77 upregulated, Padj < 0.05) 

in adenocarcinoma organoids versus adenoma organoids. (E-F) GO analysis based on 

DEGs. 
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Figure S7. High-throughput screening of a compound library with the human HRCA-

PDOs. (A) Heatmap showed normalized PI ratio (PI/Hoechst) in 3 CA organoid lines (P4, 

P20 and P23) after treatment of 108 compounds. Colors range from blue (low mortality) to 
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red (high mortality). P, patient. (B) Drug screening in CA organoids using a compound 

library. From a library of 139 compounds (108 compounds plus 31 compounds in Figure 

3B), we successfully screened out 12 compounds that were able to significantly suppress 

organoid growth.  
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Figure S8. Compounds affect the morphology of HRCA organoids in a dose-

dependent manner. Compared with Stattic and Geldamycin, those candidate hits 

including AT9283, Panobinostat, BMS754807, Aspirin, Metformin, Doxazosin, Berberine 

and Artemisinin inhibited the surface area and the transparency of organoids in a dose-

dependent manner. Especially, AT9283 (40 nM), Panobinostat (40 nM), Metformin (6 mM) 

and Berberine (10 μM) significantly reduced the surface area and transmittance of 

organoids at indicated concentrations. White scale bar, 500 μm. 
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Figure S9. Gene Ontology analysis for the DEGs between metformin-treated and 

control HRCA-PDOs. 
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Figure S10. Metformin treatment led to a substantial decay of HRCA-PDOs after 48 

hours. After metformin (5 mM) treatment for 24 hours, the bright-field images showed no 

obvious change on the morphology of HRCA-PDOs (upper panel), but indicated that 

metformin led to a substantial decay of HRCA-PDOs after 48 h treatment (lower panel). 

Scale bar, 100 μm. All data were presented as mean±SD (n = 6) and subjected to Student’s 

t-test. *** indicates P < 0.001. 
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Figure S11. Metformin treatment promoted apoptosis in HRCA-PDOs. After the 

metformin treatment for 48 h, HRCA-PDOs were harvested to examine the expression of 

PUMA by qRT-PCR (A), as well as stained for PUMA (red), cytochrome-C (green), cleaved 

caspase-3 (green) and DAPI (blue), then subject to confocal cross-sectioning (B). The 

intensity of immunostaining was quantified by ImageJ software. A representative result of 

three independent experiments was shown. Scale bar, 50 μm. All data were presented as 

mean±S.D (n = 4-6, A; n=12, C) and subjected to One-way ANOVA followed by the 

Bonferroni post hoc test in A, and subjected to Student t-test in C. * indicates P < 0.05, ** 

indicates P < 0.01 and *** indicates P < 0.001 versus mock group. 
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Figure S12. Metformin regulated the glycolysis of colorectal adenoma. (A) GSEA 

indicated significant enrichment of DEGs involved in “p53 signaling pathway”, “apoptosis” 

and “cell cycle” (red). (B) GSEA illustrated intensively down-regulated genes involved in 

glycolysis among metformin treatment group. (FDR=1.61×10-5). (C) CA organoids were 

harvested to examine the expression of GLUT1/3 using qRT-PCR after metformin (5 mM, 

24 h, 48 h) treatment. (D) CA organoids were harvested to examine the expression of 

LDHA, PKM2, PGK1, PGM1 using qRT-PCR. All data were presented as mean ± SD (n = 

4-5) and subjected to One-way ANOVA by the Bonferroni post hoc test *** indicates 

p<0.001. ** indicates p < 0.01. * indicates p < 0.05. 
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Figure S13. Body weight changes in mice during metformin intervention. The weight 

of mice in the control (PBS, n = 5) and treatment (metformin, n = 4) group was measured 

every 3 days for 3 weeks. All data were presented as mean±S.D and Student-t test was 

performed at each time point. NS indicates no significant difference. 
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Supplemental Tables 

Table S1. The biobank of Patients-derived HRCA organoids (HRCA-PDOs). 

Case Sex Age Size(mm) Location Pathology Single/Multiple lesions Risk Organoid culture 

P1 female 72 10*15 sigmoid colon tubular adenoma multiple high yes 

P2 female 53 10*15 sigmoid colon tubular adenoma multiple high yes 

P3 man 57 10*10 sigmoid colon tubular adenoma single high no 

P4 female 66 12*10 sigmoid colon tubular adenoma single high yes 

P5 female 73 15*15 sigmoid colon villous adenoma single high yes 

P6 man 61 20*15 descending colon Villous tubular adenoma multiple high yes 

P7 man 72 10*8 rectum tubular adenoma single low yes 

P8 man 70 10*8 rectum tubular adenoma single low no 

P9 female 65 12*8  sigmoid colon tubular adenoma multiple high yes 

P10 man 68 10*8 sigmoid colon tubular adenoma multiple high yes 

P11 female 67 10*8 transverse colon tubular adenoma multiple high yes 

P12 man 67 10*15 ascending colon tubular adenoma multiple high yes 

P13 man 69 18*10 sigmoid colon Villous tubular adenoma with low-grade neoplasia multiple high no 

P14 man 79 20*25 sigmoid colon Villous tubular adenoma with high-grade neoplasia (P14a) multiple high yes 

   
10*12 transverse colon tubular adenoma (P14b) 

  
yes 

   
8*10 ascending colon tubular adenoma (P14c) 

  
yes 

P15 man 44 15*15 descending colon Villous tubular adenoma single high yes 

P16 man 55 30*30 descending colon Villous tubular adenoma with high-grade neoplasia single high yes 

P17 female 68 8*6 ascending colon tubular adenoma single low yes 

P18 female 62 10*10 sigmoid colon tubular adenoma multiple high yes 

P19 female 62 8*8 hepatic flexure tubular adenoma multiple high yes 

P20 man 52 6*8 sigmoid colon Villous tubular adenoma multiple high yes 

P21 man 62 8*10 transverse colon tubular adenoma multiple high yes 

P22 female 71 18*15 rectum tubular adenoma multiple high no 

P23 man 58 8*10 hepatic flexure Serrated adenoma single high yes 

P24 female 64 12*15 hepatic flexure tubular adenoma multiple high yes 

P25 female 36 10*8 sigmoid colon tubular adenoma single low yes 

P26 female 70 15*15 ascending colon tubular adenoma multiple high yes 

P27 man 47 10*15 sigmoid colon tubular adenoma multiple high no 

P28 man 66 15*20 sigmoid colon tubular adenoma multiple high yes 

   
10*8 transverse colon tubular adenoma 

  
no 

P29 man 53 12*15 sigmoid colon tubular adenoma single high yes 

P30 female 77 10*12 sigmoid colon tubular adenoma single high yes 

P31 female 78 12*15 sigmoid colon Sessile serrated adenoma multiple high yes 

P32 man 66 12*15 sigmoid colon tubular adenoma (P32a) multiple high yes 

   
12*15 ascending colon tubular adenoma (P32b) 

  
yes 

P33 man 58 20*25 descending colon tubular adenoma (P33a) multiple high yes 

   
20*25 sigmoid colon tubular adenoma (P33b) 

  
yes 

P34 man 63 10*10  cecum tubular adenoma single high no 

P35 female 68 12*10 transverse colon tubular adenoma single high yes 
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P36 female 63 12*15 sigmoid colon tubular adenoma single high yes 

P37 man 62 12*15 rectum tubular adenoma single high yes 

P38 female 59 20*20 hepatic flexure tubular adenoma single high no 

P39 man 58 8*10 descending colon tubular adenoma multiple high yes 

   
15*18 sigmoid colon tubular adenoma 

  
no 

P40 man 61 10*10  sigmoid colon tubular adenoma (P40a) multiple high yes 

 
   

 
10*10 sigmoid colon tubular adenoma (P40b) 

  
yes 
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Table S2. Primers for RT-qPCR. 

  Forward (5'-3') Reverse (5'-3') 

h-CD44 CTGCCGCTTTGCAGGTGTA CATTGTGGGCAAGGTGCTATT 

h-c-Myc GTCAAGAGGCGAACACACAAC TTGGACGGACAGGATGTATGC 

h-CD166 ACTTGACGTACCTCAGAATCTCA CATCGTCGTACTGCACACTTT 

h-CD44 CTGCCGCTTTGCAGGTGTA CATTGTGGGCAAGGTGCTATT 

h-CD133 AGTCGGAAACTGGCAGATAGC GGTAGTGTTGTACTGGGCCAAT 

h-LGR5 GAGTTACGTCTTGCGGGAAAC TGGGTACGTGTCTTAGCTGATTA 

h-OLFM4 ACTGTCCGAATTGACATCATGG TTCTGAGCTTCCACCAAAACTC 

h-PUMA GACCTCAACGCACAGTACGAG AGGAGTCCCATGATGAGATTGT 

h-PGK1 GAACAAGGTTAAAGCCGAGCC GTGGCAGATTGACTCCTACCA 

h-PGM1 CCAAACCGACTGAAGATCCGT CATGTTTCGATCCCCATCTCC 

h-GLUT1 TCTGGCATCAACGCTGTCTTC CGATACCGGAGCCAATGGT 

h-GLUT3 GTGACCTTGCAACTTCATGTC AAATGGGACCCTGCCTTACTG 

h-PKM2 ATGTCGAAGCCCCATAGTGAA TGGGTGGTGAATCAATGTCCA 

h-LDHA TTGACCTACGTGGCTTGGAAG GGTAACGGAATCGGGCTGAAT 

h-OCT1 ACGGTGGCGATCATGTACC CCCATTCTTTTGAGCGATGTGG 

h-OCT2 CATCGTCACCGAGTTTAACCTG AGCCGATACTCATAGAGCCAAT 

h-SLC22A3 CTTCCGCTTCCTGCAAGGT AAGTAGGCAATTCCAGGGAGA 

h-SLC29A4 GCTTTCACGGATACTACATTGGA ATGTCAAACACGATGGAGGTC 

h-NOX1 TTGTTTGGTTAGGGCTGAATGT GCCAATGTTGACCCAAGGATTTT 

h-Mate1 TTCATAAGCTCCGTGTTCTGTG AGTGACATTGATAACCGCGATT 

h-Mate2 CAGAGGCTTTGGGACTGAGAT GTCACATGCCGAAGACAAACC 

m-C-Myc TAGTGCTGCATGAGGAGACA CATCAATTTCTTCCTCATCTTC 

m-Nox1 GGTTGGGGCTGAACATTTTTC TCGACACACAGGAATCAGGAT 

m-Lgr5 CCTACTCGAAGACTTACCCAGT GCATTGGGGTGAATGATAGCA 

m-Olfm4 CAGCCACTTTCCAATTTCACTG GCTGGACATACTCCTTCACCTTA 

h, human; m, mouse. 
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Table S3. Concentration of drugs in compound library.  

Product Name Concentration 

S3I-201 100 nM 

AT9283 100 nM 

SGI-1776 free base 100 nM 

TG101209 100 nM 

WHI-P154 (JAK/STAT) 100 nM 

Amcasertib (BBI503) 100 nM 

XAV-939 100 nM 

ICG-001 100 nM 

XMU-MP-1 100 nM 

Isoquercitrin 100 nM 

Wnt-C59 (C59) 100 nM 

Elesclomol (STA-4783) 100 nM 

IWR—1-endo 100 nM 

PRI-724 100 nM 

IWP-O1 100 nM 

NCB-0846 100 nM 

A-769662 100 nM 

Crenigacestat (LY3039478) 100 nM 

FLI-06 100 nM 

IMR-1 100 nM 

Vismodegib (GDC-0449) 100 nM 

5-Bromoindole 100 nM 

A-674563 100 nM 

Geldanamycin 100 nM 

Ridaforolimus (Deforolimus, MK-8669) 100 nM 

Pictilisib (GDC-09410) 100 nM 

OSU-03012 (AR-12) 100 nM 

MK-2206 2HCl  100 nM 

AT7867 100 nM 

GSK2334470 100 nM 

Luminespib (AUY-922, NVP-AUY922) 100 nM 

ETP-46464 (PI3K) 100 nM 

PD0325901 100 nM 

BX-795 100 nM 

PF-04929113 (SNX-5422) 100 nM 

GDC-0879 100 nM 

VX-745  100 nM 

SP600125 100 nM 

CGP 57380  100 nM 

XMD8-92 100 nM 

OTS964 100 nM 
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CCT196969 100 nM 

BI-847325 100 nM 

CEP-32496 100 nM 

TWS119  100 nM 

MK-8353 (SCH900353) 100 nM 

Apixaban 100 nM 

Orlistat 100 nM 

Aminophylline 100 nM 

Gemfibrozil 100 nM 

Fenofibrate 100 nM 

Carbidopa 100 nM 

Dipyridamole 100 nM 

Isoniazid 100 nM 

Rosiglitazone HCl 100 nM 

Bexarotene 100 nM 

Synephrine 100 nM 

Phloretin 100 nM 

Benserazide HCl 100 nM 

CP-91149 100 nM 

NPS-2143 100 nM 

AM251 100 nM 

Dalcetrapib (JTT-705, RO4607381) 100 nM 

CPI-613 100 nM 

WZ811 100 nM 

Trolox 100 nM 

Meptazinol HCl 100 nM 

Guggulsterone E&Z 100 nM 

Schisandrin A 100 nM 

Panobinostat (LBH589) 100 nM 

SU11274 100 nM 

SRT1720 HCl 100 nM 

CUDC-101 100 nM 

BMS-754807 100 nM 

MK-8245 100 nM 

PFI-1(PF-6405761) 100 nM 

Ki16425 100 nM 

Isotretinoin 100 nM 

Org 27569 100 nM 

Dapagliflozin 100 nM 

Naproxen Sodium 100 nM 

Clemastine Fumarate 100 nM 

Stattic 100 nM 

opaganib 100 nM 

Baf312 100 nM 
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JTE013 100 nM 

reversine 100 nM 

PIK-III 100 nM 

cerdulatinib 100 nM 

Spautin-1 100 nM 

vorapaxar 100 nM 

AS1517499 100 nM 

autophinib 100 nM 

Phy34 100 nM 

sulfacetamide 100 nM 

IITZ-01 100 nM 

Ead1 100 nM 

5-lodotubercidin 100 nM 

schizandrolB 100 nM 

Wm-1119 100 nM 

Lys05 100 nM 

Smi-16a 100 nM 

Smer28 100 nM 

peiminine 100 nM 

PF-04965842 100 nM 

OroxylinA 100 nM 

PFK158 100 nM 

Oclacitinib 100 nM 

artemisinin 50 μM 

metformin 10 mM 

Celecoxib 50 μM 

doxazosin 50 μM 

resveratrol 50 μM 

glimepiride 50 μM 

cimitidine 50 μM 

dipyridamole 50 μM 

isoniazid 50 μM 

probucol 50 μM 

rosiglitazone 50 μM 

acemetacin 50 μM 

Vc 50 μM 

disulfiram 20 μM 

mesalazine 20 μM 

berberine 50 μM 

aspirin 10 mM 

curcurine 20 μM 

Terazosin 100 nM 

Compoud401 100 nM 

Indole-3-carbinol 100 nM 
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Magnolol 100 nM 

evodiamine 100 nM 

Ml130 100 nM 

Imd0354 100 nM 

pdca 100 nM 

curcumenol 100 nM 

diethylmaleate 100 nM 

Qnz 100 nM 

Gsk583 100 nM 

engeletin 100 nM 

 


