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Figure S1. 

 

 

 

 

Figure S1. Subtypes and represent histology of breast cancer.  

(A) Summary of breast cancer samples in this study according to their molecular subtype, 

metastatic and treatment status. PR, partial response. SD, stable disease. PD, progressive 

disease.  

(B) Representative histological sections of breast cancers from different groups. PR, partial 

response. SD, stable disease. PD, progressive disease.  Scale bar, 100 μm. 
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Figure S2. 

 

 

Figure S2. Histological and immunohistochemical analysis of breast cancer organoids 

and parental tumours. 

Histological and immunohistochemical images showing the organization structure and status 

of proliferation marker (Ki-67) and breast cancer-related markers (ER, PR and HER2) in 

primary tumours and organoid lines. Scale bar, 50 μm.  
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Figure S3. 
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Figure S3. Comparison of genomic landscape between breast cancer organoids and 

parental tumours. 

(A) Comparison of the somatic copy number alteration landscape in breast cancer organoids 

and the parental tumours. The copy number application is shaded in red and the copy number 

deletion is shaded in blue.  

(B) Scatterplots showing genome-wide gene copy number alterations (CNAs) of breast cancer 

organoids and the parental tumours (red, gains; blue, losses). 

(C) Different contributions of point mutation types of primary tumor P058 and the derived 

organoid line at passage 2 and passage 15 in their sequence context. 

(D) Relative contributions of point mutations of primary tumor P058 and the derived organoid 

line at passage 2 and passage 15. 
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Figure S4. 
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Figure S4. Drug response analyses of breast cancer organoids.  

(A) Drug response curves of PDO058 in triplicate testing. The results are expressed as the 

mean ± SEM. 

(B) Drug response curves of PDO105 in two replicated testing. The results are expressed as 

the mean ± SEM. 

(C) Heatmap showing the IC50 values of 49 compounds in 76 organoid lines. They were divided 

into four groups according to the tested range of drug concentrations or IC50 values. Does-

response graphs of each group are indicated on the left. The tested drugs and their targets are 

listed on the right. The molecular subtype, sample type and treatment status of the 

corresponding primary tumour are shown in the top graph. 

(D) Drug response curves of breast cancer organoids, colon cancer organoids and breast normal 

organoids treated with bortezomib. The results are expressed as the mean ± SEM. 
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Figure S5. 
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Figure S5. The microtubule-targeting drug-sensitive response signature in breast cancer 

organoids. 

(A) The microtubule-targeting drug-sensitive response signature was generated by comparing 

different gene expression between the sensitive PDOs (sensitive to all six drugs) and resistant 

PDOs (resistant to all six drugs). Heat map showing the expression levels of each gene in the 

PDO lines. Red indicates upregulation of gene expression, while blue indicates downregulation 

of gene expression. 

(B) Summarizing table of the mean expression of each gene in the microtubule-targeting drug 

sensitive PDOs and resistant PDOs, and p-value between the two groups.  

(C) Pathway enrichment analysis identifying functional tendency of the microtubule-targeting 

drug-sensitive response signature based on GO and the KEGG pathway. 
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Figure S6. 
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Figure S6. PDOs retain previous treatment responses of corresponding breast cancer 

patients.  

(A) Treatment procedure and responses of patient Pat058 from surgery till performing drug 

screening. The therapeutic agents in each round received by the patient are indicated above the 

arrow and colour coded for in vitro drug screening results: intermediate and resistance drug 

responses are shaded in yellow and red, respectively. Blue arrow tip indicates the images taking 

time point in panel (B). SD, stable disease. PD, progressive disease.  

(B) Tumour images show widespread metastasis of patient Pat058 at different time points.  

(C) Violin plot showing the distribution of IC50 values of the drugs in the 76 organoid lines, 

and IC50 values of the therapeutic agents received by patient Pat058 are indicated. The blue, 

white and red parts represent the sensitive, intermediate and resistant samples, respectively.  

(D) Treatment procedure and responses of patient Pat118 before performing drug screening. 

The therapeutic agents received by the patient are indicated above the arrow and colour coded 

for in vitro drug screening results: intermediate and resistance drug responses are shaded in 

yellow and red, respectively. Blue arrow tips indicate the images taking time points in panel 

(E). PD, progressive disease.  

(E) CT scan images show that patient Pat118 developed lung metastases after treatment. Red 

arrows indicate tumours.  

(F) Violin plot showing the distribution of IC50 values of the drugs in the 76 organoid lines, 

and IC50 values of the therapeutic agents received by patient Pat118 are indicated.  

(G) Treatment procedure and responses of patient Pat068 before performing drug screening. 

The therapeutic agents received by the patient are indicated above the arrow and colour coded 

for in vitro drug screening results: intermediate and sensitive drug responses are shaded in 

yellow and green, respectively. Blue arrow tips indicate the images taking time points in panel 

(H). PR, Partial response.  

(H) Tumour CT scan images show that the tumour size of patient Pat068 was significantly 

reduced after treatment. Red arrows indicate tumours.  

(I) Violin plot showing the distribution of IC50 values of the drugs in the 76 organoid lines and 

IC50 values of the therapeutic agents received by patient Pat068 are indicated.  

(J) Treatment procedure and responses of patient Pat83 before performing drug screening. The 

therapeutic agents received by the patient are indicated above the arrow and colour coded for 

in vitro drug screening results: intermediate and sensitive drug responses are shaded in yellow 

and green, respectively. Blue arrow tips indicate the images taking time points in panel (K). 

PR, partial response.  
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(K) Tumour MRI scan images show that the tumour size of patient Pat083 was significantly 

reduced after treatment. Red arrows indicate tumours.  

(L) Violin plot showing the distribution of IC50 values of the drugs in the 76 organoid lines, 

and IC50 values of the therapeutic agents received by patient Pat083 are indicated. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



15 

 

Figure S7. 
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Figure S7. The PDOs platform predicts drug-responses and patients’ clinical outcomes.  

(A) Treatment procedures and responses of patient Pat086. The therapeutic agents in each 

round received by the patient are indicated above the arrow. Blue arrow tips indicate the images 

taking time points in panel (C). PD, progressive disease. SD, stable disease.  

(B) Violin plot showing the distribution of IC50 values of the drugs in the 76 organoid lines and 

IC50 values of the therapeutic agents received by patient Pat086 after drug screening are 

indicated. The blue, white and red parts represent the sensitive, intermediate and resistant 

samples, respectively.  

(C) Tumour CT scan images of patient Pat086 before and after personalized therapy 

(gemcitabine, cisplatin and Herceptin/bevacizumab). Red arrows indicate tumours.  

(D) Treatment procedures and responses of patient Pat138. The therapeutic agents in each 

round received by the patient are indicated above the arrow. Blue arrow tips indicate the images 

taking time points in panel (F). PD, progressive disease. PR, partial response.  
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(E) Violin plot showing the distribution of IC50 values of the drugs in the 76 organoid lines and 

IC50 values of the therapeutic agents received by patient Pat138 after drug screening are 

indicated.  

(F) Tumour CT scan images of patient Pat138 before and after personalized therapy 

(gemcitabine and carboplatin). Red arrows indicate tumours.  

(G) Treatment procedures and responses of patient Pat105. The therapeutic agents received by 

the patient are indicated above the arrow. Blue arrow tips indicate the images taking time points 

in panel (I). PD, progressive disease.  

(H) Violin plot showing the distribution of IC50 values of the drugs in the 76 organoid lines 

and IC50 values of the therapeutic agents received by patient Pat105 after drug screening are 

indicated.  

(I) Tumour PET-CT and CT scan images of patient Pat105 before and after therapy (epirubicin, 

cyclophosphamide and docetaxel). Red arrows indicate tumours.  

(J) Treatment procedures and responses of patient Pat057. The therapeutic agents received by 

the patient are indicated above the arrow. Blue arrow tips indicate the images taking time points 

in panel (L). PD, progressive disease.  

(K) Violin plot showing the distribution of IC50 values of the drugs in the 76 organoid lines 

and IC50 values of the therapeutic agents received by patient Pat057 after drug screening are 

indicated.  

(L) Tumour CT scan images of patient Pat057 before and after therapy (vinorelbine, 

gemcitabine, nab-paclitaxel, capecitabine and bevacizumab). Red arrows indicate tumours.  

(M) Treatment procedures and responses of patient Pat058. The therapeutic agents received by 

the patient are indicated above the arrow. Blue arrow tips indicate the images taking time points 

in panel (O). SD, stable disease. PD, progressive disease.  

(N) Violin plot showing the distribution of IC50 values of the drugs in the 76 organoid lines 

and IC50 values of the therapeutic agents received by patient Pat058 after drug screening are 

indicated. 

(O) Tumour images of patient Pat058 before and after treatment (irinotecan). The tumour 

images before irinotecan treatment are also shown in Figure S6B. 

(P) Treatment procedures and responses of patient Pat132. The therapeutic agents received by 

the patient are indicated above the arrow. Blue arrow tips indicate the images taking time points 

in panel (R). PD, progressive disease.  
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(Q) Violin plot showing the distribution of IC50 values of the drugs in the 76 organoid lines 

and IC50 values of the therapeutic agents received by patient Pat132 after drug screening are 

indicated.  

(R) Tumour CT scan images of patient Pat132 before and after therapy (vinorelbine, nab-

paclitaxel and carboplatin). Red arrows indicate tumours. 
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Figure S8. 

 

 

 

Figure S8. Summary of PDO predicated drug-responses and patients’ clinical outcomes 

in Table 1.  

Pat081 received surgical resection after the treatment. Pat065 and Pat059 had metastatic lesions, 

and the visible lesions had been surgically removed before treatment. The tumour of Pat148 

less than 10 mm in diameter and the tumour of Pat105 was evaluated by ultrasonography.  

(A) Waterfall plot of the percent tumour response after treatment for patients in Table 1. The 

responses of PDOs to the drugs are indicated.  

(B) The duration of patients’ responses to the treatments in Table 1. 
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Table S1. The number of CNA genes in tumours and organoids. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Patient ID Tumour Organoid Common Common_Percentage (%) 

Pat058 2862 11015 2810 98.18 

Pat063 7903 8858 7148 90.45 

Pat066 796 1690 618 77.64 

Pat082 5111 7947 4463 87.32 

Pat088 6 192 2 33.33 

Pat117 7036 8762 3821 54.31 

Pat118 2275 5909 1775 78.02 

Pat140 9338 2632 2438 26.10 

Pat105 9889 11948 5527 55.89 

Pat111 172 1582 17 9.88 

Pat128 542 1608 526 97.05 

Pat144 8931 10446 5088 56.97 
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Table S2. The composition of the organoid culture medium. 

 

Additive Supplier Cat. No. 
 

Concentration 

Advanced DMEM/F12 GIBCO Cat# 12634-010 Base medium 

Wnt3A Conditional medium N/A 30% v/v 

R-spondin 1 Conditional medium N/A 10% v/v 

Noggin Conditional medium N/A 10% v/v 

Y-27632 DC Chemicals Cat# DC1028 5 μM 

SB202190 DC Chemicals Cat# DC2097 0.5 μM 

A83-01 DC Chemicals Cat# DC7286 0.5 μM 

EGF PeproTech Cat# AF-100-15 5 ng/ml 

Neuregulin-1 PeproTech Cat# 100-03 5 nM 

Hydrocortisone Sigma-Aldrich Cat# H0888-10G 500 ng/ml 

N-Acetyl-L-cysteine Sigma-Aldrich Cat# A9165-100G 1.25 mM 

HEPES Sigma-Aldrich Cat# H3375-1KG 15 mM 

B27 Supplement (50X) GIBCO Cat# 17504-001 1× 

Glutamax GIBCO Cat# 35050-061 1× 

β-Estradiol Sigma-Aldrich Cat# E2758-5G 5 nM 

Insulin-Transferrin-Selenium-
Sodium Pyruvate (ITS-A) 

GIBCO Cat# 51300044 1× 

Amphotericin B GIBCO Cat# 15290-018 0.5 μg/ml 

Gentamicin GIBCO Cat# 15710-064 5 μg/ml 

Plasmocin InvivoGen Cat# ANT-MPP 5 μg/ml 
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Table S3. Cell lines used in this study. 

 

Cell lines Supplier Identifier 
 L Wnt-3A cell line ATCC Cat# CRL-2647 

R-spondin 1 T-REx-293 cell line This study N/A 

Noggin T-REx-293 cell line This study N/A 

T-REx-293 cell line ThermoFisher Cat# R71007 
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Table S4. Antibodies used in immunohistochemistry and western blotting assays. 

 

Antibodies Supplier Identifier 
 Ki-67 (8D5) Mouse monoclonal antibody Cell Signaling 

Technology 
Cat# 9449S; RRID: 
AB_2797703 

Recombinant Anti-Estrogen Receptor alpha antibody 
[SP1] 

Abcam Cat# ab16660; 
RRID: AB_443420 

Recombinant Anti-Progesterone Receptor antibody 
[SP42] 

Abcam Cat# ab101688; 
RRID: AB_10715248 

HER2/ErbB2 (29D8) Rabbit monoclonal antibody Cell Signaling 
Technology 

Cat# 2165; RRID: 
AB_10692490 

Phospho-Stat3 (Tyr705) (D3A7) XP Rabbit monoclonal 
antibody 

Cell Signaling 
Technology 

Cat# 9145S; RRID: 
AB_2491009 

Stat3 (124H6) Mouse monoclonal antibody Cell Signaling 
Technology 

Cat# 9139S; RRID: 
AB_331757 

cyclin A (H-432) Rabbit polyclonal antibody SANTA CRUZ 
BIOTECHNOLOGY 

Cat# sc-751; RRID: 
AB_631329 

cyclin B1 (H-433) Rabbit polyclonal antibody SANTA CRUZ 
BIOTECHNOLOGY 

Cat# sc-752; RRID: 
AB_2072134 

Phospho-Bcl-2 (Ser70) (5H2) Rabbit monoclonal 
antibody 

Cell Signaling 
Technology 

Cat# 2827S; RRID: 
AB_659950 

Bcl-2 Rabbit polyclonal antibody Proteintech Cat# 12789-1-AP; 
RRID: AB_2227948 

Cleaved Caspase-3 (Asp175) Rabbit antibody 
 

Cell Signaling 
Technology 

Cat# 9661S; RRID: 
AB_2341188 

Monoclonal Anti-β-Actin antibody produced in mouse 
 

Sigma-Aldrich Cat# A5316; RRID: 
AB_476743 

Anti-rabbit IgG, HRP-linked antibody 
 

Cell Signaling 
Technology 

Cat# 7074S; RRID: 
AB_2099233 

Anti-mouse IgG, HRP-linked antibody 
 

Cell Signaling 
Technology 

Cat# 7076S; RRID: 
AB_330924 
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Table S5. Drugs tested in this study. 

Drugs Supplier Cat. No. 
Formestane Selleckchem Cat# S2208 

Carmofur Selleckchem Cat# S1289 

Fluorouracil Selleckchem Cat# S1209 

Cisplatin Sigma-Aldrich Cat# P4394-1G 

Carboplatin Sigma-Aldrich Cat# C2538-250MG 

Azacitidine Selleckchem Cat# S1782 

Genistein Selleckchem Cat# S1342 

Lapatinib Selleckchem Cat# S1028 

Saracatinib Selleckchem Cat# S1006 

Ribociclib Selleckchem Cat# S7440 

Olaparib Selleckchem Cat# S1060 

Tamoxifen Selleckchem Cat# S1972 

Toremifene Selleckchem Cat# S1776 

Bleomycin Selleckchem Cat# S1214 

Clofarabine Selleckchem Cat# S1218 

Cladribine Selleckchem Cat# S1199 

Gemcitabine Selleckchem Cat# S1149 

Cytarabine Selleckchem Cat# S1648 

TAS-102 Selleckchem Cat# S8539 

Docetaxel Selleckchem Cat# S1148 

Paclitaxel Selleckchem Cat# S1150 

Vinorelbine Selleckchem Cat# S4269 

Ixabepilone Selleckchem Cat# S7930 

Vincristine Selleckchem Cat# S1241 

Vinblastine Selleckchem Cat# S4505 

Etoposide Selleckchem Cat# S1225 

Teniposide J&K Scientific Cat# 563738 

Irinotecan Selleckchem Cat# S1198 

Everolimus Selleckchem Cat# S1120 

Temsirolimus Selleckchem Cat# S1044 

Neratinib Selleckchem Cat# S2150 

Afatinib Selleckchem Cat# S1011 

Gefitinib Selleckchem Cat# S1025 

Erlotinib Selleckchem Cat# S1023 

Dacomitinib Selleckchem Cat# S2727 

Dasatinib Selleckchem Cat# S1021 

Vandetanib Selleckchem Cat# S1046 

Sunitinib Selleckchem Cat# S1042 

Palbociclib Selleckchem Cat# S1116 

Danusertib Selleckchem Cat# S1107 

Vorinostat Selleckchem Cat# S1047 

Crizotinib Selleckchem Cat# S1068 

Cepharanthine Selleckchem Cat# S4238 

Cantharidin Sigma-Aldrich Cat# C7632 

Mitoxantrone Selleckchem Cat# S2485 

Epirubicin J&K Scientific Cat# 194237 

Doxorubicin Selleckchem Cat# S1208 

Topotecan Selleckchem Cat# S1231 

Bortezomib BOC Sciences Cat# B0084-293315 
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Table S6. Software used in this study. 

 

Software Reference Download link 

BWA-MEM (v0.7.17) Li and Durbin, 2009 https://github.com/lh3/bwa 

MultiQC (v1.7) Ewels et al., 2016 https://multiqc.info/ 

SAMtools (v0.1.9) Li, 2011; Li et al., 2009 https://github.com/samtools/sa
mtools 

Genome Analysis ToolKit 
(v4.1.1.0) 

DePristo et al., 2011; McKenna et al., 
2010; Van der Auwera et al., 2013 

https://github.com/broadinstitute
/gatk 

MuTect (v1.1.7) Cibulskis et al., 2013 https://github.com/broadinstitute
/mutect 

Strelka (v2.9.10) Saunders et al., 2012 https://github.com/Illumina/strel
ka 

Annovar (v2018-04-16) Wang et al., 2010 https://doc-
openbio.readthedocs.io/projects
/annovar/en/latest/ 

Control-FREEC (v11.4) Boeva et al., 2012 http://boevalab.inf.ethz.ch/FRE
EC/ 

R package MutationalPatterns 
(v1.10.0) 

Blokzijl et al., 2018 https://bioconductor.org/packag
es/release/bioc/html/Mutational
Patterns.html 

STAR (v2.7.0e) Dobin et al., 2013 https://github.com/alexdobin/ST
AR 

featureCounts (v1.6.4) Liao et al., 2014 http://bioinf.wehi.edu.au/feature
Counts/ 

edgeR package (v3.26.8) Robinson et al., 2010 http://bioconductor.org/package
s/release/bioc/html/edgeR.html 

R package ‘e1071’ (v1.7-3) David et al., 2019 https://CRAN.R-
project.org/package=e1071 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


