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Supplementary Figure 1. ABC-Myc mice develop hepatoblastoma. a Paraneoplastic alopecia observed in 
ABC-Myc mice over time at postnatal day 1 (P1), 7 (P7), 15 (P15) and 26 (P26). b Immunohistochemical 
staining of MYC at different stages (embryonic day 17.5, postnatal day 7 and 25) of livers of ABC-Myc mice. 
Sample number for each image  n =1. Scale bar = 25µm c H&E staining of ABC-Myc liver from E17.5. The 
circles cells indicate preneoplastic lesion of the fetal liver. Sample number for each image  n =1. Scale bar = 
50µm. d Immunohistochemical staining of ABC-Myc liver tumors with Ki67marker. Scale bar = 50µm. e 
Summary of Ki67 quantification of 5 ABC-Myc livers. 



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Supplementary Figure 2. Quantification of white blood cells in ABC-Myc mice. Complete blood count to 
determine the changes in white blood cells in plasma from normal (n= 3 biologically independent mice) and 
ABC-Myc (n=4 biologically independent mice) mice. Data are presented as mean ± SD. Unpaired two-sided t-
test. ns = not significant. 



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Supplementary Figure 3. The transcriptomes of ABC-Myc tumors resemble high-risk human HB. 
a GSEA analysis showing that the upregulated and downregulated genes in ABC-Myc tumors are 
significantly associated with the top 200 genes upregulated and downregulated in human hepatoblastomas 
prior chemotherapy (Ikeda dataset, GSE131329)1. b Heat map showing the top differentially expressed genes 
in ABC-Myc tumors vs age-matched normal livers are similarly altered in human HB tumors. To determine if 
ABC-Myc induces transcriptomes similar to those in human hepatoblastoma, we cross-referenced our RNA-
seq results for the top 500 genes upregulated and downregulated in ABC-Myc tumors with human RNA-seq 
dataset reported by Hooks et al (GSE104766)2. c Heatmap showing expression of C2 signature reported by 
Cario et al3 in ABC-Myc tumor cells. d Heatmap showing high expression of ‘progenitor’ and ‘proliferation’ 
signatures of high-risk human hepatoblastoma (reported by  et al)4 in ABC-Myc tumor cells. 



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Supplementary Figure 4. scRNA-seq analysis of normal livers and ABC-Myc tumors. a Bubble plot 
showing the top 10 genes differentially expressed in normal livers vs ABC-Myc liver tumors. b Bubble plot 
showing the Hallmark genesets highly expressed in tumor tissues in comparison with normal livers. P 
value obtained from the one-sided Fisher's exact test. c Bubble plot showing the KEGG pathways highly 
expressed in cluster 7 cells. P value obtained from the one-sided Fisher's exact test. d Bubble plot showing the 
KEGG pathways highly expressed in cluster 16 cells. P value obtained from the one-sided Fisher's exact test. e 
Bubble plot showing the top 10 genes expressed in 15 clusters of cells. 



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplementary Figure 5. scRNA-seq analysis of tumor cell heterogeneity. a Bubble plot showing the 
differentially expressed genes in each cluster (2, 3, 7, 9, 12, 16) of each individual ABC-Myc tumors (NEJ634, 
NEJ687, NEJ709, NEJ723). b The percentages of clusters 2, 3, 7, 9, 12 and 16 in each tumor sample, 
demonstrating both intra-tumoral and inter-tumoral heterogeneity. c The percentages of subclusters in clusters 
7 and 16 of each tumor sample showing significant variation in sub-cluster proportion across tumor cells (P < 
0.0005). d The percentages of human hepatoblastoma clusters (Song, et al)5 in each tumor sample showing 
significant intra-tumoral heterogeneity (different tumor classes in individual tumors) and inter-tumoral 
heterogeneity (different composition of various tumor cell types). There is a significant variation of proportion 
of tumor cell types among the four samples (Chi square test: P = 0.0005). 



 
Supplementary Figure 6. Co-existence of C1 and C2 signatures in ABC-Myc tumors. 
a Bubble plot of expression of C1 and C2 gene signatures in tumor and normal liver samples.  b Bubble plot of 
expression of C1 and C2 gene signatures in each cluster that is tumor-specific, normal liver-specific and shared 
in both.  c  Bubble plot of expression of C1 and C2 gene signatures in tumor-specific clusters.  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Supplementary Figure 7. Spatial transcriptomics analysis of 16 clusters of genes. a Spatial expression of 
tumor related clusters 2, 3, 7, 12, and 16 in in tumor tissues (NEJ634, NEJ687, NEJ723, NEJ146) and normal 
livers (NEJ638, NEJ654, NEJ677). b Spatial expression of shared and normal liver related clusters 1, 6, 8, 
10, 11, 13 and 15 in in tumor tissues (NEJ634, NEJ687, NEJ723, NEJ146) and normal livers (NEJ638, 
NEJ654, NEJ677). c The spatial expression of C1 gene signature in tumor (top) and normal liver (bottom) 
samples. d. The spatial expression of C2 gene signature in tumor (top) and normal liver (bottom) samples. 



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplementary Figure 8. CRISPR screening of cancer dependency genes in ABC-Myc cell lines NEJF1 
and NEJF6. 
a, b Cancer essential genes and tumor suppressors identified in NEJF1 cell line with FDR cutoff <0.25. X-
axis represents the total gene number. Y axis represents the p value in -log10. The listed genes are 
highlighted in the graph. P value obtained by permutation test and FDR calculated from the empirical 
permutation p-values using the Benjamini-Hochberg procedure by MAGeCK. c, d Cancer essential genes and 
tumor suppressors identified in NEJF6 cell line with FDR cutoff <0.25. X-axis represents the total gene 
number. Y axis represents the p value in -log10. The listed genes are highlighted in the graph. P value 
obtained by permutation test and FDR calculated from the empirical permutation p-values using the 
Benjamini-Hochberg procedure by MAGeCK. 



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Supplementary Figure 9. Conserved oncogenic pathways in NEJF1 and NEJF6. 
a Canonical cancer pathways enriched in genes identified by CRISPR screen in NEJF1 cell line. b Hippo 
signaling pathway enriched in genes identified by CRISPR screen in NEJF1 cell line. c Canonical cancer 
pathways enriched in genes identified by CRISPR screen in NEJF6 cell line. d Hippo signaling pathway 
enriched in genes identified by CRISPR screen in NEJF6 cell line. 



  

Supplementary Figure 10. CRISPR screening of cancer dependency genes in Huh6. 
a Plot showing cancer essential genes (CRISPR score cutoff <-0.7) and tumor suppressors (CRISPR score 
cutoff > 0.4) identified in Huh6 cell line. X-axis represents the total gene number. Y axis represents the 
CRISPR score. The listed genes are highlighted in the graph. The CRISPR data was downloaded from 
DepMap program (depmap.org). b Pathway enrichment analysis of cancer dependency genes identified in 
Huh6 cell line by using GSEA and CGP (chemical and genetic pertubations) dataset. c Venn analysis of 
essential genes (negative selection) identified from NEJF1, NEJF6, NEJF10 and Huh6. d Network analysis 
of pathways using Metascape for the essential genes identified in Huh6 cells. e Venn analysis of essential 
genes (negative selection) identified from NEJF10 and Huh6. f Venn analysis of essential genes (positive 
selection) identified from NEJF10 and Huh6. 



 
 
 
Supplementary Figure 11. Doxorubicin dose test in NEJF10 cells. 
Plot showing the cell viability curve assessed by Prestoblue assay. NEJF10 cells were treated with different 
concentrations (n=8 for each concentration) of doxorubicin in 96-well plate for 4 days. Since doxorubicin has 
a very narrow therapeutic window at the nM level, we decided to reduce the doses for IC20 and IC90 by 5 nM 
to become ~ 5 nM for IC20 and ~ 30 nM for IC90 for a 3-week treatment in CRISPR screening. Data are 
presented as mean ± SD (n=8).  



  

 
Supplementary Figure 12. Drug screening of ABC-Myc cell lines. 
a Relative cell viability signal of NEJF10 cells treated with 0.7uM-2uM compounds and controls. Green 
color indicates DMSO as negative control. Purple color indicates 17-DMAG as positive control. Blue color 
indicates the 125 compounds. b Classes of tested compounds that exhibit anticancer activity >50% of positive 
control. c, d Cell viability assay of CDK7 inhibitor, Samuraciclib (c), and AURKA inhibitor, Alisertib (d), for 
ABC- Myc cell lines NEJF1, NEJF2, NEJF4, NEJF6, NEJF10 and noncancerous fibroblast cell line 
CCLF_PEDS_0046_N. e Colony formation assay to determine the effect of Samuraciclib on NEJF10 and 
HepG2 cells, which were treated with indicated concentrations of Samuraciclib for 7 days (n =3 biologically 
independent samples). This was repeated only once.  



 

 

Supplementary Figure 13. Validation of AZD7648. 
The purity of AZD7648 is verified by Waters UPLC-MS system (Acquity PDA detector, SQ detector and 
UPLC BEH-C18 column). The mass spectrometer was acquired using MassLynx v. 4.1. The 
chromatographic conditions are as follows: flow rate: 1.0 mL/min, sample injection volume: 2 µL, column 
temperature: 55 °C, mobile phase: 0.1% formic acid in CH3CN and H2O. 



   
Supplementary Figure 14. Enhanced anticancer activity by combination of Doxorubicin with AZD7648. 
a Bliss index for AZD7648 (µM) and doxorubicin (nM) treatment of NEJF10 (top panel). The percentage 
over bliss score (bottom panel) indicates the degree of synergy. Positive scores indicate synergy, negative 
scores indicate antagonism. b Quantification of live, early apoptotic and late apoptotic cells after FACS 
analysis of NEJF10 treated with doxorubicin and AZD7648 for 48 hours. Data presented as scatter dot plot 
with mean ± SD (n =3 biologically independent samples).  c, d Similar experiments performed using HepG2 
cells. Data in d presented as scatter dot plot with mean ± SD (n =3 biologically independent samples). 

 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplementary Figure 15. Synergistic effect of Doxorubicin and NU7441. a NEJF1(500 cells per well) cells 
were treated with Nu7441 (0, 0.33, and 3.3 µM). Doxorubicin (0, 3.75, 7.5,15,30 and 60 nM) was added 1 hour 
post Nu7441 treatment. The culture medium, Nu7441 and doxorubicin were changed every 2-3 days. 7 days 
later, cells were washed with Dulbecco’s phosphate buffered saline without calcium or magnesium and fixed 
with 4% formaldehyde in PBS for 20 minutes. Once formaldehyde was removed, cells were stained with 0.1% 
crystal violet for 1 hour. Plates were rinsed with water and imaged. b Same procedure as done in a for NEJF2. c 
Same procedure as done in a for NEJF4. d Same procedure as done in a for NEJF5. e Same procedure as done 
in a for NEJF6. f Same procedure as done in a for NEJF10 although it was stained after a 4-day treatment. g 
Same procedure as done in a for HepG2 (10000 cells per well) for a 12-day treatment. a-g are repeated by two 
independent experiments. 





 Supplementary Table 1. All possible genotypes are recovered at the expected Mendelian ratio. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Alb-Crewt/wt::CAG-
MYCwt/wt

Alb-Crewt/wt::CAG-
MYCmyc/wt

Alb-Crecre/wt::CAG-
MYCmyc/wt

Alb-Crecre/wt::CAG-
MYCwt/wt

Breeding strategy
FemaleMaleFemaleMaleFemaleMaleFemaleMale

129Alb-Crecre/cre x
CAG-MYC myc/myc

4467Alb-Crecre/cre x
CAG-MYC myc/wt

89810Alb-Crecre/wt x
CAG-MYC myc/myc

64653345Alb-Crecre/wt x
CAG-MYC myc/wt



Supplementary Table 2. ABC-Myc hepatoblastomas recapitulate the metabolic pathways in human 
hepatoblastomas. 

 
 



Supplementary Table 3. ABC-Myc tumors recapitulate C2 class of human hepatoblastoma. 

 
The sixteen-gene RNA-seq data were used to assign tumors to HB molecular subclasses by using the method 
described by Cairo et al3.  

 
 
 
 
 

Supplementary Table 4. Average percentage of UMI in each cluster of cells. 
 

 
 
 
 
 
 
 
 

 
 

Compound Linear 1-Nearest 3-Nearest Nearest Support Bayesian

Covariate Discriminant Neighbor Neighbors Centroid Vector Compound

Predictor Analysis Machines Covariate
Predictor

E3-Normal 1 1 1 1 1 1 1
A3-Normal 1 1 1 1 1 1 1
B3-Normal 1 1 1 1 1 1 1

C3-HB 2 2 2 2 2 2 2
D3-HB 2 2 2 2 2 2 2
F3-HB 2 2 2 2 2 2 2

Array id

Source Cluster Average percent of HB UMI  
Shared cluster1 (NK/T cells) 2.86 

cluster6 (B cells) 1.86 
cluster8 (Macrophage) 3.26 
cluster10 (Neutrophils) 3.04 
cluster11 (Monocytes) 2.26 

Normal cluster4 (Hepatocytes I) 1.30 
cluster13 (Endothelial) 1.15 
cluster14 (Erythroid) 87.58 
cluster15 (Hepatocytes II) 0.68 

Tumor cluster2 (HB associated Pro-myelocyte) 2.23 
cluster3 (HB associated proliferating Erythroid) 33.65 
cluster7 (Afpweak Tumor Cluster) 30.73 
cluster9 (HB associated Erythroid II) 83.57 
cluster12 (HB associated Erythroid III) 62.50 
cluster16 (Afpstrong Tumor Cluster) 6.12 
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