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Hepatocellular carcinoma (HCC) is one of the most common cancers worldwide. HCC develops
in various causes — Viral hepatitis infection, toxins, or other liver conditions - by activation of
oncogenes and/or inactivation of tumor suppressors. Understanding of signal pathways and
protein-protein interactions critical in tumor development may lead to novel treatment strategy.
To evaluate the progression of HCC and effects of potential therapies, various animal models
have been established. Experimental models of HCC provide valuable tools to investigate the
risk factors, new treatment modalities and biologic characteristics. Subcutaneous xenograft
models have been widely used in the past. However, with the advancement of in vivo imaging
technology, investigators are more concerned with the orthotopic models nowadays.
Genetically engineered mouse models have greatly facilitated studies of gene function in
HCC development. Lately, a novel approach for stable gene expression in mouse hepatocytes
by hydrodynamic injection has been developed. Each model has its own advantages and
disadvantages. Therefore, selecting the optimal models based on study objectives is necessary.
In this review, we highlight both the frequently used mouse models and some emerging ones
with emphasis on their merits or defects, and give advices for investigators to choose a “best-fit”
animal model in HCC research. (J Liver Cancer 2017;17:1-14)
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Table 1. Chemically induced models
Diet or chemical Mechanism of action Phenotype References
Chol|ne—d¢f|C|ent and ethionine  Oxidative DNA damage, DNA stranql 30-35 weeks: 100% HCC 1720
(CDE) diet breaks and chromosomal instability
Ciprofibrate Synthetic perOX|sgme proliferators, non- 60 weeks: 100% HCC 913
genotoxic carcinogen
Diethylnitrosamine (DENA) Genotoxic hepatocarcinogen 100% HCC in males, 30% in females, 21 2395
Extensive chromosomal damage '
Thioacetamide (TAA) Metabolites induce oxidative stress 100% HCC 13
2-Acetylaminoflouren (2-AAF) Genotoxic Used primarily as promoter in initiation/ 7396
promotion protocols '
Phenobarbital Non-genotoxic Used as promoter in initiation/promotion
protocols: increases HCC by 500%. Can
I o 27,28
inhibit tumor formation in mice given DEN.
Associated with [-catenin activation
HCC, hepatocellular carcinoma.
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Table 2. Viral models of HCC

Gene Enhancer/promoter Characteristics References
HBV large envelope Albumin-HBVY Necrosis, inflammation, and HCC in 72% males, no 48 49
protein metastases, rare local invasion '
HBV X protein X protein HCC in 84% after 13-24 months in mice with high HBx 46,60, 61
expression. Lung metastasis Y
HCV Core Incidences of HCC in the male transgenic mice of the
(21 and (48 lines, between the ages of 16 and 19 51
months, were 25.9% (7 of 27) and 30.8% (4 of 13)
HCV Core-E1-E2 Albumin Core transgenics: 32% HCCs in male
) 47
mice at 16-23 months;
HCV Core-E1-E2 transgenic under albumin  DENA: 100% HCC at 32 weeks;
promoter and HCV core transgenic  HCV core-E1-E2 with largest tumors 57
under
HBV X promoter
HCV Polyprotein Transgenic C57BL/6 mice with viral polyprotein
Alpha | antitrypsin (FL-N transgene) or viral structural proteins
Albumin (S-N transgene). The abundance of viral proteins was 6
sufficient for detection only in S-N transgenic animals.
Incidence of HCC reached statistical significance only
in FL-N animals
Woodchuck No Cell line derived from a woodchuck HCC serially
transplanted in athymic nude mice has been 63
established and named WH257GE10
Woodchuck No Establishment and characterization of a woodchuck 64
hepatocellular carcinoma cell line (WH44KA)
Woodchuck No Establishment and characterization of a
diethylnitrosamine-initiated woodchuck hepatocyte 65
cellline (WLG3)
Woodchuck No Establishment of a new cell line from a woodchuck 66
hepatocellular carcinoma (T3-HEP-W1)
HCC, hepatocellular carcinoma; HBVY, hepatitis B virus; DENA, diethylnitrosamine.
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Table 3. Genetically engineered mouse models for HCC

Incidencerate  Latency References

e (%) (weeks)
AAT 100 52-90 92
APG/- 67 38 90
Myc 55 65-90 93
E2F-1 33 52 21,79, 94
EGF 100 24-36 95,80
NEMO-/- 100 52 96-98
P53-/- 109 60 99
PTEN-/- 66 44 100
SV40 T-antigen 100 20 68
TAK1-/- 80 39 101
TGF-a 50 >52 67,102
Myc + E2F1 100 26-39 79,103
Myc + EGF 100 12-18 80
B‘ﬁgj\f‘s'gﬁée@ * 100 8 104
KRAS®'*"+ HBx 62.5 34 105
P53-/- 4+ cMyc 75 21 106
PTEN-/- + GRP94-/- 80 25 107
HCC, hepatocellular carcinoma.
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Table 4. Mouse liver cancer models generated using hydrodynamic transfection

Genes Tumor type Mouse strain Latency References
NRAS-FAH + shP53 HCC Fah-/- ~10 weeks 12
HBx-FAH + shP53 HCC Fah-/- ~10 weeks 113
Rt + FAH HCC Fah-/- ~9 months 114
NRAS®™ Mixed HCC and ICC Ink4A/Afr-/- ~7 weeks 115
c-Met + AN9O B-catenin HCC WTFVB/N ~3 months 116
NRAS®™ ++ AN9O B-catenin HCC WT FVB/N ~6 months 17
Spry2"*F + AN9O B-catenin HCC WT FVB/N ~6 months 17
Cyclin D1 4+ Met HCC WT FVB/N ~6 months 118
Bmil + NRAS®"™ HCC WT FVB/N ~6 months 119
cMet + Spry2”*" HCC WT FVB/N ~6 months 120
myr-AKT HCC WTFVB/N ~6 months 121
myr-AKT + NRAS®™/ Mixed HCC and ICC WT FVB/N 3-4 weeks 122
Myc HB WTFVB/N ~6 weeks 123
myr-AKT + AN9O B-catenin HCC WT FVB/N and C57BL/6 ~4 weeks 124
myr-AKT + Spry2"* HCC with emperipolesis WT FVB/N ~3 to 4 months 125
HRAS"™ + shP53 Undifferentiated liver tumors WT C57BL/6 ~1 week 126
NICD1 ICC WTFVB/N ~5 months 127,128
myr-AKT + NICD ICC WT FVB/N ~ 3 weeks 127

HCC, hepatocellular carcinoma; ICC, intrahepatic cholangiocarcinoma; HB, hepatoblastoma.
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