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Supplementary method 

Immunogenic Potential Score 

Score tools previously published were used here to quantitatively assess the 

immunogenic potential of peptides.[1] These tools integrate multiple approaches to 

predicting the immunogenicity of epitopes at different stages of antigen presentation, 

including HLA binding affinity (NetMHCpan4.1/4.0, Rm: the binding affinity percent 

rank of mutated peptide, Rn: the binding affinity percent rank of the corresponding 

wild type peptide, m: mismatch between mutated and the corresponding wild type 

peptide), the likelihood of pMHC recognized by T-cell receptors (fitness model, H: 

the probability of pMHC recognized by T cells, R: the likelihood of a neoantigen 

recognized by the TCR repertoire), TAP transport efficiency and proteasomal 

cleavage (NetCTLpan 1.1, C: Combined score of binding affinity, proteasomal C’ 

terminal cleavage, and TAP transport efficiency). For early peptide analysis of HCC 

33 and HCC 277, NetMHCpan 4.0 was used for peptide scoring; in other analysis, 

NetMHCpan 4.1 was used. 

The score to assess the immunogenic potential of predicted peptides was defined as 

follows: 

𝐴 = 𝐶 ∗ 𝐿(𝑅𝑚) 

𝐵 = 𝐻 ∗ 𝑅 ∗ (1 − 2
−𝑚𝐿(𝑅𝑛)) 

𝐿(𝑥) = 1/(1+𝑒5(𝑥−2)
) (L(x) is a negative logistic function) 

𝑆core = 𝐴 ∗ 𝐵. 

Tumor Purity Analysis 

Tumor purity was inferred by Sequenza for whole genome sequencing (WGS) data;[2] 

cell malignancy of single cell RNA-seq data was estimated with R package 

“scCancer”[3] which calculated the malignancy scores based on infercnv algorithm 

(https://github.com/broadinstitute/inferCNV). 
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Supplemental Figures 

Fig. S1. Organoids maintain genetic landscape of matched tissues. 

A) Data of top 20 high-frequency mutations of paired tissues and organoids for all 27 

patients with hepatobiliary cancer. T: tissue, O: organoid. 

B) Proportions of total and nonsynonymous mutations detected only in tissues (red), 

only in organoids (dark blue) or shared (light blue) within each patient. 

C) Corregram indicating total and nonsynonymous mutations of each organoid 

correlated to its corresponding tissue, but rarely with others. Color key from dark 

brown to light brown indicates correlation from high to low.  
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Fig. S2. Tumor purity of tissues and matched organoids. 

A) Tumor purity of paired tissues and organoids for all 27 patients with hepatobiliary 

cancer. P-value was calculated by two-tailed paired t test. 

B) Percentages of malignant single cells for five organoids. Representative t-SNE plot 

of all single cells for HCC 448 colored by malignant (red) and nonmalignant (green) 

cells. 
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Fig. S3. Relationships between TMB/neoantigen/HSN and clinical characteristics 

in hepatobiliary cancer. 

TMB and neoantigen/high score neoantigen peptide (HSN) load of groups divided by 

sex, age, microvascular invasion (MVI), HBSAg, smoking, alcohol, cirrhosis status 

and serum AFP value were compared (n=27). P-values were calculated with ANOVA 

followed by post-hoc test (LSD). NS.: not significant. 
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Fig. S4. Neoantigen peptide related features and neoantigen-associated mutation 

related SNV types in tissues and organoids. 

A) Proportions of predicted neoantigen peptides with each HLA allele and each length 

for individual tissues and organoids. 

B) Numbers of predicted neoantigen peptides with each HLA allele and each length 

for individual tissues and organoids (n=27). Data are presented as mean ± SD. 

P-values were calculated with ANOVA followed by post-hoc test (LSD). NS.: not 

significant. 

C) Proportions of six neoantigen-associated mutation related SNV types of paired 

tissues and organoids for 27 patients with hepatobiliary cancer. T: tissue, O: organoid. 

D) Numbers of 12 neoantigen-associated mutation related SNV types in tissues and 

organoids (n=27 pairs). 
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Fig. S5. HLA-A, -B, and -C binding peptides detected with mass spectrometry. 

Neoantigen associated-mutation derived HLA-A, -B, and -C-presented peptides of 

organoids confirmed with mass spectrometry for validation experiments. 
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Fig. S6. Immunogenicity of peptides judged by CD107a
+
IFNγ

+
 expressions of 

peptide-reactive T cells. 

DMSO stimulation was used as control and the detailed fold changes of 

CD107a
+
IFNγ

+
 co-expression of CD3

+
CD8

+
 T cells after three cycles of each peptide 

stimulation in five HCC organoids were shown. Representative flow cytometry plots 

gated on CD45
+
CD3

+
CD8

+
 live T cells. 
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Fig. S7. Bright field images of organoids for validation experiment. 

Microscopic appearance of hepatobiliary tumor tissue-derived organoids. Scale bars 

of each row were shown. 
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Fig. S8. Predicted scores of peptide presentation features of 9mer and 11mer 

length peptides in tissues and organoids. 

The scores of mutated peptide binding affinity, proteasomal C' terminal cleavage and 

TAP transport combined efficiency of 9mer and 11mer peptides in tissues and paired 

organoids were compared (n=27). Mean was shown as '+'. P-values were calculated 

with two-tailed unpaired t test. 
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Fig. S9. The distribution of predicted neoantigen-associated mutation analyzed at 

single cell level. 

UMAP plot of all single cells for HCC 25, HCC 33, HCC 217, HCC 448 reveals 

different clusters. UMAP plot of all single cells colored by different 

neoantigen-associated mutations. 
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Supplemental Tables 

Table S1. HLA-A, -B, and -C information of PBMCs, tissues, organoids and 

clinical characteristics of 27 patients 
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Table S2. HLA-A, -B, and -C information of healthy PBMCs 
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Table S3. Selected peptides for validation experiment in five patients 
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Table S4. Features of immunogenic peptides in validation experiment 
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Table S5. Immunogenic potential of peptides with different length and HLA 

allele 
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