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And the Answer is:



And the Answer is: SOON!
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FGF-19 driven tumors

were eliminated by

lenvatinib

Liver tumor mouse model mimicking Inter-tumoral
heterogeneity by introducing oncogene library 

Major dysregulated pathways of HCC
WNT/β-cateninp53/cell cycle

MAPK AKT/mTOR

Hippo Apotosis

Oxidative stress
Myojin Y, Kodama T, Takehara T et al., Abstract 164, AASLD TLMdX 2020 



AASLD Connect 

TCGA data base

HCC cell lines

ST6GAL1 is identified as a serum protein 
positively regulated by FGF19 in HCC

Proteome and Secretome analysis

Myojin Y, Kodama T, Takehara T et al., Abstract 164, AASLD TLMdX 2020 



AASLD Connect Serum ST6GAL1 is a biomarker of 
lenvatinib-susceptible HCC

Characteristics
Sorafenib Treatment Lenvatinib Treatment P 

value(n = 31) (n = 65)

Age (years) Median (range) 70 (52-86) 73 (50- 89) 0.063

Sex, n (%) Male / Female 25 (80.6) / 6 (19.4) 54 (83.1) / 11 (16.9) 0.77

Etiology, n (%) HBV/HCV/NBNC 6 (19.4)/18 (58.1)/7 (2.5)
13 (20.0)/24 (36.9)/29 

(44.6)* 0.23

Child-Pugh, n (%) 5/6/7/8
17(54.8)/ 5(16.1)/ 

8(25.8)/ 1(3.3)
30 (46.1)/21 (32.3)/12 

(18.5)/2 (3.1)
0.38

AFP (ng / mL) Median (range) 29 (2-485968) 45.8 (1-33827) 0.96

Maximum tumor size (mm) Median (range) 25 (9-100) 27 (1-330) 0.49

Tumor, n (%) <7 / ≧7 12 (38.7) / 19 (61.3) 33 (50.8) / 32 (49.2) 0.27

BCLC stage B / C 11 (35.5) / 20 (64.5) 36 (55.4) / 29 (44.6) 0.06

Myojin Y, Kodama T, Takehara T et al., Abstract 164, AASLD TLMdX 2020 



RNA Binding Protein APOBEC1 Complementation Factor (A1CF) 

Regulates Multiple Hepatic RNAs Promoting Steatosis, Fibrosis 

and  Spontaneous Tumorigenesis

• RNA binding protein Apobec-1 Complementation Factor (A1CF) is expressed in human 
and mouse liver and binds ApoB mRNA, a gatekeeper gene regulating hepatic VLDL 
secretion. GWAS link A1CF with altered serum triglyceride and glycerol metabolism via 
mRNA splicing

• A1cf +/Tg mice show increased hepatic proliferation, spontaneous steatosis with 
decreased APOB and VLDL secretion

• Hepatic steatosis reflects increased lipogenic mRNA expression (Cd36, Cidea, Mogat1, 
Mogat2) and RNA shifts into polysome complexes 

• Aged A1cf +/Tg mice showed fibrosis, spontaneous dysplasia and HCC (85%) which was 
accelerated by a high fat/fructose diet

• In TCGA 9% of 360 HCCs had aberrant A1CF expression and A1CF. In a human HCC 
TMA 35 of 137 (25%) had high levels of nuclear A1CF staining which correlated with 
stage 3/4 fibrosis and reduced overall and disease-free survival



High Nuclear A1CF Correlated with Stage 3-4 Fibrosis 

and Reduced Overall and Disease-Free Survival

In a human HCC TMA 35 of 137 (25%) had high levels of nuclear A1CF staining which 
correlated with stage 3/4 fibrosis



High Nuclear A1CF Correlated with Stage 3-4 Fibrosis 

and Reduced Overall and Disease-Free Survival

High levels of nuclear A1CF staining correlated with reduced overall and disease-free survival.

This suggests that overexpression of A1CF impairs VLDL assembly and secretion, and 
promotes lipogenic and proliferative pathways resulting in spontaneous steatosis, 
inflammation and liver cancer in both mice and humans. 



Hepatocellular cancer with concomitant 

Nrf2-β-catenin activation: Biological and 

therapeutic implications

1. Department of Pathology, 

2. Pittsburgh Liver Research Center, and 

3. Department of Medicine, University of Pittsburgh, School of Medicine 

and University of Pittsburgh Medical Center, Pittsburgh, PA

Junyan Tao1,2, Yaketrina Krutsenko1,2, Sucha Singh1,2, Aatur Singhi, 
Shuchang Liu1,2, Satdarshan P. Monga1,2,3



Background and Methods

• Activating CTNNB1 mutations are seen in a subset of HCC 

• β-catenin activation by itself is insufficient for hepatocarcinogenesis 

• Co-expression of mutant CTNNB1 with clinically relevant co-occurrences leads to HCC 

• Investigate cooperation between β-catenin and Nrf2 (encoded by NFE2L2) signaling

• HCC datasets assessed for presence of CTNNB1 mutations and either mutations in 
NFE2L2 or KEAP1 or Nrf2 activation by gene signature

• Sleeping beauty transposon/transposase hydrodynamic tail vein injection (SB HDTVI) 

• T41A CTNNB1 co delivered with WT G31A or T80K NFE2L2 into 6 week old FVB mice

• Assessed for tumors and similarity to human HCC subsets by bioinformatics 

• Given known mTORC1 activation in CTNNB1-mutated HCCs, response to monotherapy 
with the mTOR inhibitor everolimus was tested



~9% of Human HCCs Display CTNNB1 Mutations 

and NRF2 Activation



Co-expression of T41A CTNNB1 & G31A/T80K NFE2L2 but not 

WT NFE2L2 in liver by SB HDTVI leads to HCC in mice



mTORC1 is active in β-catenin-Nrf2 HCC model & use of 

everolimus as monotherapy decreased tumor burden notably



Molecular and mutational landscape of hepatocellular 

carcinoma (HCC) related to non-alcoholic steatohepatitis 

(NASH)
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NASH-HCC vs viral/alcohol-HCC (n=624):

NASH-HCC

Viral/alcohol-HCC

Whole Exome Sequencing (WES)

n=50 tumor-adjacent pairs

NASH-HCC patients presented higher ACVR2A mutations and a

trend towards lower TP53 mutation rates when compared to HCCs

from other etiologiesPromoter Mutation Focal Gain

SNV Focal Loss

Indel Wild Type

NA

NASH-HCC:



MutSig16

HCC: 19% (16/86)

NASH-HCC: 19% (n=8/43)

Viral/alcohol-HCC: 19% (n=8/43)

Associated with larger tumors (p<0.05)

MutSig24

HCC: 8% (7/86)

NASH-HCC: 0% (n=0/43)

Viral/alcohol-HCC: 16% (n=7/43)

Associated with younger patients, vascular invasion and ↑ AFP 

(p<0.05)

DenovoSig2

HCC: 9% (8/86)

NASH-HCC: 16% (n=7/43) 

Viral/alcohol-HCC: 2% (n=1/43)

Associated with female gender (p<0.05)

Mutational signatures in NASH-HCC and comparison 
with viral/alcohol-HCC

MutSig-

NASH-HCC

NASH-

HCC

(n=43)

Viral/alcohol

-

HCC (n=43)

The newly-identified MutSig-NASH-HCC was associated with 16% of NASH-HCC tumors 

(vs 2% of HCCs from other etiologies)

De novo mutational signature extraction
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Genetic landscape of NASH-HCC tumors according 
to cirrhotic status

PNPLA3 SNP (GG)1

↓ mitochondrial function

↓ DNA repair response

Non-cirrhotic NASH-HCC cases presented:

• ↑ Tumor Mutational Burden (1.45 vs. 0.94 mut/Mb, p<0.0017)

• ↓ Homozygous PNPLA3 (17 vs 67%, p=0.001)
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• NASH-HCC tumors present specific genomic features including high
frequency of ACVR2A mutations (10%), low frequency of TP53 mutations
(18%) and the presence of the MutSig-NASH-HCC.

• NASH alone promotes a cancer field in non-cirrhotic HCC patients
comparable to the one in cirrhotic NASH-HCC.

Overall, this study provides novel insights into the NASH-HCC
molecular pathogenesis that may aid in the discovery of novel
treatments for the disease and improve patient management

22

Key Takeaways
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NASH HCCs are Resistant to Immune Checkpoint Inhibitors

Pfister D et al. Nature 2021
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NASH HCCs are Resistant to Immune Checkpoint Inhibitors

Pfister D et al. Nature 2021



©2019 MFMER  |  slide-26

Genomic Associations of the GALAD Biomarkers

Ahn et al. Liver Cancer 2021 (In Press)
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Genomic Associations of the GALAD Biomarkers

Ahn et al. Liver Cancer 2021 (In Press)
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Genomic Associations of the GALAD Biomarkers

Ahn et al. Liver Cancer 2021 (In Press)



©2019 MFMER  |  slide-29

Genomic Associations of the GALAD Biomarkers
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Genomic Associations of the GALAD Biomarkers

Ahn et al. Liver Cancer 2021 (In Press)
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Genomic Associations of the GALAD Biomarkers

Ahn et al. Liver Cancer 2021 (In Press)
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Thank You!


