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Hepatocellular carcinoma (HCC) is the sixth most common 
cancer worldwide and has the third highest mortality rate 
among all tumors.1 HCC has many pathogenic factors and 
multiple pathways involved in its occurrence and metastasis, 
and drug-targeted therapy has gradually become a research 
hotspot in recent years.2,3 Animal models are important 
vehicles for studying the pathogenesis and development of 
HCC and conducting drug screening.4–6 In this review, we 
summarized animal models of HCC and their characteris-
tics to provide not only a reference for researchers on model 
selection but also a wealth of knowledge for future studies.

Currently, the commonly used animal models of HCC 
include mice, rats, rabbits, woodchucks, and zebrafish 

(Figure  1). Mice are the most frequently used animal 
models because they are highly homologous to humans.7 
These methods mainly include induced, implanted, and 
genetically engineered animal models (GEM).8–10 Rats 
are genetically similar to humans and can be used as in-
duced and implantation animal models.11,12 The rabbit 
VX2 orthotopic tumor model is used to study quantita-
tive imaging techniques and interventional treatments 
because of its large size.13,14 HCC of woodchuck sharing 
imaging appearances and biological characteristics with 
humans is a model for hepatocarcinogenesis induced by 
the hepatitis B virus (HBV) for preclinical evaluation of 
the efficacy of treatments based on chemotherapy, gene 
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Abstract
Hepatocellular carcinoma (HCC) is a common malignant tumor with insidious 
early symptoms, easy metastasis, postoperative recurrence, poor drug efficacy, 
and a high drug resistance rate when surgery is missed, leading to a low 5-year 
survival rate. Research on the pathogenesis and drugs is particularly important 
for clinical treatment. Animal models are crucial for basic research, which is 
conducive to studying pathogenesis and drug screening more conveniently and 
effectively. An appropriate animal model can better reflect disease occurrence 
and development, and the process of anti-tumor immune response in the human 
body. This review summarizes the classification, characteristics, and advances 
in experimental animal models of HCC to provide a reference for researchers on 
model selection.
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therapy, and immune therapy.15,16 Zebrafish, a valuable 
non-mammalian vertebrate, are genetically similar to 
humans and are mostly used in xenotransplantation and 
drug screening studies, genetic screening, and monitoring 
through GEM, such as [Hepatitis B virus X protein (HBx), 
src] and [HBx, src, p53−/+], kras.17–20

1   |   INDUCED ANIMAL MODELS

Induced models are animals that progress to HCC through 
long-term chronic inflammatory reactions in response to 
artificially intervened cancer-predisposing factors, includ-
ing diet, chemical drugs, and biological toxins, which are 
applied to studies on pathogenetic mechanism and drug 
treatment (Table 1). In addition, these programs have been 
used to model liver injury and liver fibrosis.21,22 Drugs in-
duce the occurrence of HCC in two ways. First, they can 
directly cause genetic changes, including interaction with 
DNA resulting in mutations or damages and chromosome 
breaks. These drugs include diethylnitrosamine (DEN) 
and aflatoxin B1 (AFB1). Second, drugs such as carbon 
tetrachloride (CCl4) cause liver damage by destroying cell 
structures, promoting abnormal cell proliferation, with-
out direct interaction with genetic material (Figure 2).

1.1  |  Diet-induced animal models

A choline-deficient diet (CDD) reproduces the patho-
logical mechanisms underlying the development of 
non-alcoholic steatohepatitis (NASH) in humans and its 
progression to severe stages of HCC.23 As an oncogenic 
factor, CDD can contribute to transforming non-alcoholic 
fatty liver disease (NAFLD) into HCC in transgenic mice.24 
However, it is worth noting that this method requires 
a long induction time of at least 52 weeks or more.25,26 
CDD combined with other oncogenic agents construct-
ing HCC animal models could shorten the induction time 
and improve the success rate. There was a marked eleva-
tion in the content of alpha1-fetoprotein in both the liver 
and plasma of rats fed with CDD plus DEN, accelerating 
tumor formation.27

High-fat diet (HFD) is known to be harmful and in-
creases the incidence of HCC. HFD induces hepatic lipid 
accumulation resulting in lipotoxicity, hepatocyte endo-
plasmic reticulum stress, inflammation, and hepatocyte 
injury, leading to spontaneous HCC.28 Besides, HFD could 
promote hepatocarcinogenesis via the accumulation of 
acylcarnitine and increasing some glucose-mediated 
metabolic changes.29,30 In addition, cholesterol drives 
NAFLD-related HCC through the sequential progression 

F I G U R E  1   Commonly used animal models of HCC. Animals, including mice, rats, rabbits, woodchucks, and zebrafish with established 
HCC models, with different advantages and connections with humans. HBV, hepatitis B virus; HCC, Hepatocellular carcinoma.
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of steatosis, steatohepatitis, fibrosis, and eventually 
HCC.31 Considering the long induction time, combined 
high-fat, high-fructose, and high-cholesterol diet, with a 
low weekly dose of intraperitoneal CCl4 as an accelera-
tor, a murine NASH model exhibits a rapid progression of 
advanced fibrosis at 12 weeks and HCC at 24 weeks, and 
mimics the histological, immunological, and transcrip-
tomic features of human NASH.32

A simple induced diet, easy to operate, with low-cost, is 
often combined with other carcinogenic agents to induce 
HCC. Both CDD and HFD could recapitulate the progres-
sive stages of hepatitis, fibrosis, and cancer, closely re-
sembling human disease.23,32 Although a previous report 
has uncovered a dissimilarity between mice and humans, 
more convincing and accepted evidences show closely 
similarity of functional pathways of gene expression and 
immune abnormalities, demonstrating the feasibility of 
the murine model.32,33

1.2  |  DEN-induced animal models

DEN is a common oncogenic agent that induces DNA 
damage by alkylating DNA structures or converting cy-
tochrome P450 enzymes in hepatocytes to alkylated 
metabolites, leading to carcinogenesis.34,35 A previous 

study showed that DEN-induced gene expression pat-
terns were similar to those in the poor survival group 
of human HCC.36 A single DEN intraperitoneal injec-
tion is the classical modeling approach.8,37 HCC induced 
by a single injection occurred after at least 6 months, 
although the success rate was up to 100%.38 The induc-
tion of a single DEN injection depends on the adminis-
tered dose and sex, age, and mouse strain.39,40 Younger 
mice have higher hepatocyte proliferation rates, leading 
to faster-developing HCC.41 The sex-related difference in 
HCC incidence is due to the inhibitory effect of estrogen 
on hepatocarcinogenesis.42 The drawbacks of a single in-
traperitoneal injection of DEN are the long induction and 
the inability to mimic the process of fibrosis and cirrhosis 
during hepatocarcinogenesis.

To overcome the drawbacks of a single injection, long-
term intraperitoneal injection of DEN in rats for 20 weeks 
combined with oral 0.014% DEN in mice for 15 weeks in-
duced fibrosis and cirrhosis during HCC development.43,44 
Liver injury induced by DEN is related to drug concen-
tration, and chronic administration of DEN at 20 mg/kg 
induces HCC in mice, while DEN at 2.5 and 5 mg/kg could 
be used to elucidate its synergistic effect with other hepa-
totoxic agents.45

In addition, DEN can be combined with other methods 
to construct HCC models. DEN as a trigger followed by 

F I G U R E  2   Commonly used induced and implantation models of HCC with different characteristics and clinical applications. (A) 
Diet and drugs induced models. (B) Implantation models include allograft, xenograft, and humanized immune system models. HCC, 
Hepatocellular carcinoma; PDXs, patient-derived xenograft.
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partial hepatectomy, named the Solt–Farber protocol, was 
originally proposed in 1977 based on the oval cell theory, 
which can shorten induction time.46 In addition, Schiffer's 
protocol and the modified Solt–Farber protocol combined 
with 2-acetylaminoflourine (2-AFF) can be used in HCC 
studies.47,48 DEN, combined with other oncogenic agents, 
can mimic the pathophysiological process of human HCC 
and is a common method for modeling chemical induc-
tion. DEN into 2-week mice, followed by repeated in-
jections of CCl4 weekly from 6 weeks, was used to study 
the mechanism of drug treatment.49 In a previous study, 
alcohol-DEN mice had more severe hepatocellular dam-
age, advanced fibrosis, and earlier presence of HCC than 
single-pair DEN/alcohol-fed mice.50

1.3  |  CCl4-induced animal models

CCl4 is hepatotoxic due to the formation of reactive oxy-
gen species, contributing to HCC through repeated acute 
liver injury and inflammation, mimicking the process 
of hepatitis, fibrosis, cirrhosis, and HCC in humans, 
which is often applied to study the classical development 
process.51,52

CCl4, combined with other methods, is commonly used 
to construct HCC models considering the long induction 
time and low success rate of single CCl4. At 24 weeks, 10% 
and 100% of mice developed HCC in the single CCl4, and 
western diet plus CCl4 treated groups, respectively.32 The 
combination of CCl4 and ethanol can promote CCl4 ab-
sorption. Mice would develop alcoholic fatty liver disease 
with significant fibrosis within 7 weeks, similar to the fi-
brosis, proliferation, and inflammation pattern observed 
in human disease.53 As previously noted, the DEN + CCl4 
protocol is a common modeling method for studying the 
mechanisms of hepatocarcinogenesis and drug treat-
ment.54 Injection of CCl4 followed by injection oncogenic 
hepatocytes from transgenic mice to establish HCC mice 
with fibrosis is pathologically similar to the process in 
humans.55

1.4  |  Other drug-induced animal models

AFB1 is carcinogenic due to DNA mutation of p53, a bio-
marker of HCC.56 Intraperitoneally injection of AFB1 
into mice established HCC models after 12 months.57 The 
hepatotoxicity of AFB1 was related to the mouse strain. 
DBA/2 J mice were threefold more sensitive to AFB1-
induced HCC and acute toxicity than C57BL/6J mice.58 2-
AAF induces the early appearance of progenitor cells and 
accelerates DEN-induced hepatocarcinogenesis in rats, 
suggesting the viability of the DEN + 2-AAF protocol.59,60

2   |   IMPLANTATION ANIMAL 
MODELS

Implantation models are established by transplanting 
tumor cells or tissues into animals, which are the most 
widely used models in current HCC research (Figure 2).61 
Based on the graft site, they are divided into orthotopic 
and ectopic models. Implantation models are classified 
as allograft and xenograft models based on whether the 
grafts and hosts are from the same or different species.

2.1  |  Allograft animal models

Allograft models are established by transplanting tumor 
cells or tissues from the same species into hosts by ortho-
topic or ectopic means (Table  2). These models use ho-
mozygous immunocompetent hosts, and are mostly used 
to study the mechanisms of immune responses and im-
munotherapeutic efficacy.62 Commonly used hepatoma 
cell lines including BNL-MEA, Hepa1-6, BNL, and H22 
cells can be used to establish orthotopic or ectopic murine 
model in immune-related studies.63–65 In addition to com-
mon mouse HCC cell lines, seeding tumorigenic hepato-
cytes from Simian vacuolating virus 40 (SV40) T antigen 
(Tag) transgenic mice into immunocompetent mice is a 
novel orthotopic mouse model of HCC.61

Animal mutations have been described in allograft 
models using immunocompetent mice and mouse derived 
HCC cell. However, owing to species differences in the ge-
nome, tumor microenvironment, and immune response, 
whether animal studies can explain the mechanism of 
tumor occurrence and immune response in humans, re-
mains to be studied further, limiting the practical applica-
tions of allograft models.

2.2  |  Xenograft animal models

Xenograft models refer to orthotopic or ectopic transplan-
tation of human tumor cells or tissues into immunodefi-
cient hosts to reduce graft-versus-host disease (GVHD) 
(Table 3) and are widely used in drug screening and mech-
anism researches.4,66 Injecting BEL7404 cells subcutane-
ously into BALB/c nude mice was common in studying 
anti-tumor therapy.67 Subcutaneous injection of human 
hepatoma cells may be beneficial to check therapeutic 
effects because tumors are easily accessible and can be 
dynamically monitored for monitoring of tumor growth. 
However, subcutaneous injections have neglected the mi-
croenvironment of the liver and rarely metastasize.

In addition, the dual vascularization of the liver and 
its special connection to the intestine suggest that it is 
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necessary to establish orthotopic models via intrahepatic, 
intrasplenic, or intraportal injection, although the surgi-
cal procedures are technically demanding.5 In orthotopic 
models, tumors occur in the liver and the surrounding 
microenvironment, mimicking tumorigenesis, invasion, 
and metastasis of human HCC. HCCLM3 cells were in-
jected subcutaneously into mice to form tumors, and 
then the tumors were transplanted into the liver of an-
other nude mouse with a success rate of 90%; this model 
was confirmed to be reliable by imaging and immunohis-
tochemistry.68 And Huh-7, Hep3B-hCG, and HepG2 cells 
establishing orthotopic humanized HCC models were 
successfully used to study the resistance mechanism, 
anti-tumor therapy, and multimodal imaging evaluation 
for monitoring tumor growth.9,69,70 Notably, simultane-
ously constructed orthotopic and ectopic xenograft mice 
in the same study would be better to assess the consistent 
anti-tumor effect of OSU-HDAC42.71

Transplanting patient-derived tumor tissue into ex-
perimental animals, namely patient-derived xenograft 
(PDXs) models, maintains the original characteristics of 
HCC specimens at the genetic and biological levels, and 
is often used for drug screening and efficacy research.72–74 
This model has been widely used since it applied to nude 
mice in 1969.75 The study by Fidler indicated that im-
planting human tumor cells into the organ of nude mice 
resulted in much higher metastatic rates.76 Sun et al. suc-
cessfully established the LCI-D20 model (Liver Cancer 
Institute, passage time-20 days), an orthotopic PDX 
model with 100% transplantability and metastatic ability 
maintained for 18 passages.77 Notably, various manifes-
tations in mice are similar to those in patients with HCC, 
thus, verifying the feasibility of this model.

Owing to grafts derived from humans, xenograft hosts 
can closely mimic the growth and development process of 
human tumors. These models provide a simple method to 
study the effects of novel therapeutic strategies on human 
HCC cells, avoiding the bias of irrelevant mutations that 
only occur in mouse HCC tumor cells.78 Nevertheless, it 
should be noted that xenograft models cannot simulate 
the body's immune response process, given that immu-
nodeficient animals are incapable of generating immune 
responses and surveillance of tumors.

2.3  |  Humanized immune system 
animal models

These models refer to animals carrying the human im-
mune system and tumor cells or tissues that simulate the 
development and immune environment in the human 
body, with the essential property of the anti-tumor im-
mune response mimicking that of humans.79 Human 

peripheral blood mononuclear cells or CD34+ hematopoi-
etic stem cells were transplanted into immunodeficient 
hosts; then human tumor cells or tissues were trans-
planted into hosts, which were applied to study the immu-
notherapy mechanism.80,81 In addition, hepatoma stem 
cells can be isolated from hepatoma cells or fragments 
and implanted into immunodeficient animals.82 Sub-renal 
transplantation of human fetal thymus or fetal liver tis-
sue into mice followed by injection of autologous CD34+ 
hematopoietic stem cells is not suitable for large-scale ap-
plication because of source problems and rare models.83 
The use of these models are limited by high technical re-
quirements, long periods, difficult operation, GVHD, and 
hypoplasia of CD34+ hematopoietic stem cells, etc.84

3   |   GEM

HCC is a multistep biological process with recurrent 
genetic and epigenetic alterations that occur during 
the progression towards malignant transformation.85 
Various GEM have been established and described, 
and the most common way to develop cancer models 
is to activate oncogenes or inactivate tumor suppres-
sor genes (Figure 3A).86,87 GEM of HCC with single or 
multiple mutations have been widely used, and models 
with alterations in growth factors or the tumor micro-
environment have been reported.39,88 Clustered regu-
larly interspaced short palindromic repeats-associated 
protein 9 system (CRISPR-Cas9) directly mutates anti-
oncogenes or oncogenes improving the accuracy of 
gene editing (Figure 3B).89 Moreover, Cre-LoxP recom-
bination, microRNA delivery, and tetracycline (Tet)-
controlled systems further enable the introduction of 
liver-specific mutations, making gene expression more 
controllable.90–92 Hydrodynamics-based transfection is 
a physical method to help the liver accept exogenous 
DNA, and the sleeping beauty transposon system stably 
mediates the chromosomal integration of transposons, 
representing an attractive gene transfer strategy.93,94 
And even more surprising, transgenic mouse models 
harboring specific fragments of hepatitis viral genomes 
have been developed to study the effect of the human 
hepatitis virus on HCC.95,96 GEM are also widely used 
in tumor biology studies, investigating the occurrence, 
progression, and metastasis of tumors, immunity and 
metabolism, screening drug targets, therapeutic effects, 
and drug resistance.7,97

The hosts of GEM include zebrafish, pigs, and mice. 
Transgenic zebrafish are experimental tools to study tumor 
biology and drug treatment. However, unpartitioned liver 
microstructure, small livers, and lack of a tractable zebraf-
ish embryonic stem cell culture system, limit the clinical 
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application.17,18,98 Like humans in anatomy, physiology, 
and genetics, pigs can also be used to construct the oncopig 
model.99,100 However, pig models have limitations, such 
as the large size and difficulty of the technical operation. 
Since the first successful construction in 1974, transgenic 
mice have been rapidly developed and widely used.101,102 
Different from the above animal models, mice have the 
advantages of small body size, easy feeding, strong fecun-
dity and short cycle, which are commonly used as GEM, 
and this section focuses on transgenic mice (Table 4).

3.1  |  GEM of viral gene

Chronic HBV infection is a common cause of HCC. The 
HBV genome encodes four viral gene products, of which 
the HBx and hepatitis B virus surface antigen (HBsAg) 
are currently the most studied. HBx is a multifunctional 
regulatory protein that participates in hepatocarcinogen-
esis by stimulating the expression of c-myc, activating p53, 

regulating transcription factors, and driving the G/S cycle 
via ARRB1-mediated autophagy.103–106 HBx also induces 
high levels of MEK–ERK signal activation, facilitating 
tumor vascular invasion.107 Koike et al. constructed HBx 
transgenic mice and further showed that the sustained ex-
pression of the HBx gene may initiate hepatocarcinogen-
esis by DNA synthesis and hepatocyte transformation.108

HBsAg evokes hepatocarcinogenesis through DNA oxi-
dative damage and mutations in the hepatocyte.109 In HBV 
Alb-1 mice, HBsAg-induced hepatocellular injury within 
4 months progressed to HCC within 12–20 months.110 On 
this basis, the introduction of p53 and phosphatase and 
tensin homolog deleted from chromosome 10 (Pten) dual 
mutation into HBV Alb-1 mice to form HCC mice after 
8 months provides a fast and convenient transgenic sys-
tem with HBV infection characteristics, which is suitable 
for mechanism and drug screening of HBV-related HCC.89 
HBx and HBsAg transgenic mice can be used to study 
the different roles of HBsAg and HBx in HBV-related 
hepatocarcinogenesis.111

F I G U R E  3   Transgenic mouse model of hepatocellular carcinoma. (A) Traditional transgenic mouse model. (B) Hydrodynamics-based 
transfection mouse model with the assistance of CRISPR-Cas9 and the sleeping beauty transposon system.
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The hepatitis C virus (HCV) core protein alters the 
oxidant/antioxidant state in the liver, contributing to the 
development of HCV-related HCC.112 HCV core gene trans-
genic mice developed hepatic steatosis at an early stage 
and HCC at 16 months, verifying that HCV core protein 
plays a major role in HCV carcinogenesis.96 Additionally, 
HCV transgenic mice could be applied to study the role of 
iron overload and drug-induced hepatocyte injury in he-
patocarcinogenesis.113,114 HDV transgenic mice express-
ing the functional receptor for HBV and HDV, the human 
sodium taurocholate cotransporting peptide, have inher-
ited susceptibility to HDV and provided opportunities for 
studying viral pathogenesis, immune response, and HDV 
therapeutics.115

In addition, genes of SV40, encoding large Tag and 
small Tag, inactivate the tumor suppressor gene p53 of the 
host cell, causing carcinogenesis.116 SV40 transgenic mice 
formed tumor nodules 6–9 weeks or later, which are close 
to the clinical situation and induce the growth of autolo-
gous HCC.117,118 Based on this model, it can be studied the 
endothelial transdifferentiation in HCC development and 
the mechanism of immune tolerance.118,119

3.2  |  GEM of conditional gene

Instead of directly transferring exogenous genes, GEM 
of conditional genes target liver-specific promoters to 
drive the expression of oncogenes, such as albumin, 
metallothionein, transthyretin, and liver activator pro-
tein (LAP).92,120–123 C-myc overexpression in mice using 
albumin or LAP promoter and transforming growth 
factor-alpha (TGF-α) transgenic mice through the metal-
lothionein promoter can be used to study the pathogen-
esis and hepatocarcinogenesis.92,123,124 C-myc combined 
with others in transgenic models shorten tumorigenic 
time in that c-myc often interacts with other genes or 
growth factors participating in HCC development.125,126 
C-myc/IgEGF double-transgenic mice developed HCC 
at 3–6 months, shorter than single transgenic mice.127 
C-myc/TGF-α and c-myc/E2 promoter-binding factor 1 
(E2F1) transgenic mice are involved in HCC development, 
characterized by genomic instability and β-catenin activa-
tion, respectively.120 Using c-myc/p53−/− mice, a study 
has shown that β-catenin activation promotes immune 
escape and resistance to anti-PD-1 therapy in HCC.128 In 
addition, the Iqgap2−/− transgenic mouse closely reca-
pitulated many molecular signatures of human HCC, in 
which dysregulation of Wnt/β-catenin signaling played an 
important role.129

Alterations in the β-catenin gene lead to the develop-
ment of HCC in humans and mice through dysregula-
tion of the Wnt/β-catenin pathway.130,131 Wnt/β-catenin 

signaling may cooperate with oxidative stress metabolism 
and Ras/mitogen-activated protein kinase pathways in 
hepatocarcinogenesis.132 H-ras mutation alone rapidly 
causes hepatocellular dysplasia without autonomous 
growth, yet HCC develops in all mice with mutated β-
catenin and H-ras genes, suggesting that β-catenin mu-
tations play a critical role in hepatocarcinogenesis by 
cooperating with another oncogene.133 Activated AKT 
and β-catenin induced microscopic tumor foci by 4-week 
in mice, in which synergistic activation of AKT and β-
catenin rapidly induced the progression from adenomas 
to HCC.134 Multiple gene interventions are more likely to 
induce HCC formation.

Inducible transgenic systems allow temporally 
controlled genetic changes. Tet-controlled systems, 
virus-mediated Cre-loxP delivery system and tamoxifen-
regulated Cre-loxP system are common applied. Crossing 
TRE-myc mice with a transgenic line of LAP-tetracycline 
transactivator (tTA) to study the effects of myc inactiva-
tion, LAP-tTA/tet-off myc conditional transgenic mice 
overexpressing myc in adult mice reproducibly induced 
HCC, revealing the pluripotent capacity of existing 
in a state of tumor dormancy.92 Besides, in mice with 
hepatocyte-specific Pten mutations based on the virus-
mediated Cre-loxP delivery system, AlbCrePtenflox/flox 
mice developed HCC without hepatocarcinogenesis in 
AlbCrePten+/+ and AlbCrePtenflox/+ mice.135 Moreover, 
tamoxifen-regulated Cre-loxP system is a broadly valuable 
tool for temporally regulating gene activation/inactivation 
in mouse embryos, adults, and culture systems.136

3.3  |  GEM of microRNA

MicroRNAs (miRNAs) are abnormally expressed in HCC 
and are related to the degree of HCC differentiation, which 
provide a promising therapeutic strategy for HCC.137 
Recently, HCC models have been constructed by dys-
regulating miRNAs to explore the role of miRNAs in the 
pathogenesis, metastasis and invasion of HCC. A previous 
study showed that miR-122 is the most abundant miRNA 
in the liver, and its dysregulation is a key factor contribut-
ing to the development of HCC.138 Based on the Cre-loxP 
system, miR-122a knockout (KO) mice and liver-specific 
knockout (LKO) mice were successfully generated, which 
underwent the process of hepatic steatosis, hepatitis, fi-
brosis and HCC.139,140 Notably, a striking disparity of HCC 
incidence based on sex in miR-122a KO mice recapitulates 
the disease incidence in humans.140

Besides, overexpressing miR-221-3p significantly en-
hances the proliferation, migration, and invasion of hep-
atoma cells, which is an oncogenic miRNA in HCC.141,142 
In a transgenic mouse model, upregulation of miR-221 
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spontaneously resulted in visible neoplastic lesions start-
ing at 9 months of age, which developed a significantly 
higher number and larger tumor lesions after treatment 
with DEN.91

4   |   COMBINED INDUCTION OF 
MULTIPLE APPROACHES

The single modeling approach generally has a long modeling 
period and cannot completely simulate the development of 
HCC in humans; therefore, multiple modeling methods 
are frequently combined to establish HCC animal models. 
In addition to DEN + CCl4, HCC mice induced by injecting 
CCl4, followed by oncogenic hepatocytes from transgenic 
mice, underwent inflammation and fibrosis of the liver.55 
DEN/phenobarbital induced a significantly higher inci-
dence of HCC in transgenic mice than in wild-type mice, 
with marked activation and infiltration of macrophages.10 
Both single-injection DEN combined with HFD feeding in 
transgenic mice, and long-term administration of CCl4 com-
bined with a choline-deficient l-amino-acid-defined diet 
in wild-type mice, formed NASH-induced HCC, imitating 
the process of tumor occurrence in human.143 C-myc trans-
genic mice fed methionine CDD were also used to accelerate 
hepatocarcinogenesis.24

In addition, multiple models were synchronously 
applied to the same study to verify the reliability of the 
finding, considering that different models have different 
cancer-inducing mechanisms.71,144 For example, we could 
use genetic, orthotopic tumor, chemically induced, and 
orthotopic allograft models to study the correlation be-
tween interleukin-11 levels and postsurgical HCC recur-
rence.145 We could also use knock-in, chemically induced, 
orthotopic, and PDX mice simultaneously to explore the 
combined inhibition of both homologous recombination 
and non-homologous end-joining as a potential therapy 
for HCC.146

Different kinds of HCC models have their own advan-
tages and disadvantages. On the whole, induced animal 
models simulate the process of human liver disease with 
low cost, high success rate, and easy controllability, and 
are commonly used for HCC pathogenetic mechanism and 
drug treatment research. Implantation models have small 
individual differences, increased survival rates, and short 
induction time, and are convenient for drug screening and 
objectively evaluating curative effects. Among these, PDXs 
mimic the tumor microenvironment of human HCC, and 
humanized immune system models reproduce the com-
plex human immune system and realistic tumor microen-
vironment that are suitable for immune-related research. 
GEM mimic the biological characteristics of human HCC 
and explain the pathogenesis of HCC at the genetic level 

for widely various tumor-related studies with great tech-
nical difficulties and costs, which limit the practical appli-
cation. Combining multiple approaches to construct HCC 
models, which is increasingly widely used, compensates 
for the shortcomings of single factors as much as possible.

In conclusion, animal models are basic research tools 
and are particularly important for studying disease patho-
genesis, drug screening, and therapeutic targets. Although 
none of the current models can completely replicate the 
real human disease situation, there has been great progress 
in the research and construction of HCC animal models. 
When making selections, researchers should comprehen-
sively consider many factors including research purpose, 
modeling period, feeding environment, host strain, and 
funding. In addition, multiple methods can be combined 
to construct HCC models. Particularly, multiple models 
are recommended to use in the same study and the exper-
imental findings can be synchronously verified in diverse 
models. In the future, researchers should combine ad-
vanced techniques of DNA manipulation with implanted 
murine or human cell lines to simulate human HCC in 
animal models.
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