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Preface - Animal models in liver disease

Almost 300.000 clinical trials, which test novel therapeutic concepts
in human beings, are currently listed at clinicalTrials.gov. However,
apart from these highly regulated clinical trials, researchers usually do
not get started with experiments in human. Due to the anatomical,
physiological and genomic similarities between human and mammals,
scientists study disease mechanisms and drug therapies in animal
models prior transferring new concepts to and testing discoveries in
humans. The use of animal models to understand human anatomy and
(patho)physiology has a long-lasting very successful tradition and dates
back to ancient Greece, Aristoteles and Galen [1]. Among the animal
models, a majority of studies have been performed in mice, because of
their availability, high reproductive rates, relatively low cost of main-
tenance and ease of handling and the possibility of genomic manip-
ulation. However, not all results from animal models can be directly
translated into humans and there is a continuous research for better
“humanized” animal models across all disease entities. Despite all the
advances in the “creation” of ever-more sophisticated animal models
for scientific purposes, the achievements should always build on the
rules of animal protection and welfare, which have become evident as
the ‘the three Rs rules’, for replacement, reduction and refinement and
have first been proposed by Russel and Burch in 1959 [2].

This special issue in BBA — Molecular Mechanisms of Disease focuses
on animal models in liver disease and comprises a series of reviews
covering anatomical considerations, physiological principles and dis-
ease-specific aspects of various liver diseases. Attention is paid to in-
clude comprehensive overviews on the primary readout markers as well
as advantages and disadvantages of the single models but also on fea-
sibility issues when attempting to establish such models in one's own
laboratory.

Wouter Lamers and colleagues provide a conceptual overview on
the microarchitecture of the liver among different animal species, the
nature of having or having not a gallbladder and the increasing role and
consequences the hepatic arterial perfusion in larger animals has [3].

Giinter Himmerle and Achim Lass highlight the physiological role
of lipases and their regulators which govern the mobilization of neutral
lipid esters and how this connects to diseases such as non-alcoholic fatty
liver disease or cholesterol-ester storage diseases. They provide a
summary of targeted mouse models on hepatic neutral lipid ester hy-
drolases [4].

Jianing Li and Paul Dawson summarize mouse models to elucidate
the core pathways controlling bile acid homeostasis. They point out the
important differences in bile acid metabolism between species, which
represents a significant obstacle for translatability rodent findings to
humans and the resulting consequence for establishing mouse models
with “humanized” bile acid compositions [5].

Annika Wahlstrom reviews our current knowledge on the impact of
the gut microbiome on liver diseases. She highlights how dysbiotic
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changes may particularly affect non-alcoholic and cholestatic liver
diseases and future strategies to treat liver diseases by targeting the gut
microbiome and gut barrier function ref.

Mario Strazzabosco and colleagues review recent technical ad-
vances and potential applications in the iPSC stem cell field and liver
organoids as the next-generation tool to model liver diseases in-vitro
ref.

Helmut Denk and his co-authors provide an overview on the aspects
of NAFLD from the pathologist's viewpoint. He introduces dietary,
toxin-induced and genetic animal models of NASH and discusses that
despite metabolic similarities most animal models fail to develop the
typical morphological features of NASH such as hepatocyte ballooning
and well-defined Mallory-Denk-Body formation [6].

Andreas Geier and colleagues discuss NAFLD models from the he-
patologist's point of view. The authors put emphasize on the dietary
compositions to induce NAFLD and discuss the metabolic features,
which a NAFLD model should ideally have, such as obesity, insulin
resistance, hyperlipidemia but also progression of disease with in-
creasing liver fibrosis [7].

Luca Fabris and his team summarize current models of cholangio-
pathies, mainly primary sclerosing cholangitis and primary biliary
cholangitis. In the past bile duct ligation was the commonly used
cholestatic model. To better understand the complex network of dys-
regulationed pro-inflammatory and pro-fibrotic signals for cholangio-
pathies newer models using chemical induction, xeno- or self-im-
munization and of course genetic manipulation are utilized and their
pros and cons discussed ref.

Carlo Spirli and coworkers compared the current available animal
models for cystic fibrosis and their applicability for the study of the
liver type. They also introduce non-rodent models of CF, such as the pig
and ferret, which, in contrast to mice, have a spontaneous liver phe-
notype and a pronounced intestinal disease involvement [8].

Urs Christen reports on animal models of autoimmune hepatitis. He
introduces the requirements for breaking liver tolerance in an animal
model and how an ideal experimental AIH model would like. In addi-
tion, he discusses the models in the context of feasibility of induction,
similarity of the clinical outcome to human AIH and their potential
usefulness for future therapies [9].

Greg Gores and colleagues introduce animal models of cholangio-
carcinoma. Models include carcinogen-based models, genetically en-
gineered models, syngeneic orthotopic models as well as xenograft tu-
mors derived from xenotransplantation of CCA cells, organoids or
patient-derived tissue. The existing models are compared to an ideal
CCA model, where the tumor should arise from the biliary tract in an
immunocompetent host with a species-matched microenvironment,
should be time-efficient and mimic human CCA [10].

Mark Gorrell and colleagues discuss various animal models of
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hepatocellular carcinoma including chemical-induced models, geneti-
cally engineered mouse models as well as graft models with or without
additional metabolic insults to accelerate experimental HCC develop-
ment. The review summarizes criteria for the ideal HCC animal model
and advantages/disadvantages of the currently used models. It also
contains the histopathological features of mouse liver tumors ref.

Elizabeth Ottinger and coauthors give an overview on translational
invivo and invitro models for rare liver diseases. They discuss animal
models for Alagille syndrome, alpha-1-anti-trypsin deficiency, heredi-
tary hemochromatosis, Wilson's disease, glycogen storage disease,
hereditary tyrosinemia, Crigler-Najjar syndrome, and lysosomal-acid
lipase deficiencies. In addition, they discuss modern ex vivo models
including 3D liver models and their potential for liver research [11].

Thomas Reiberger and team present common animal models of liver
disease with PHT - including pre-hepatic, intra-hepatic and post-he-
patic PHT in rodents. They discuss methodology for induction, con-
siderations for disease etiology, advantages and limitations and prac-
tical issues of these animal models [12].

Hartmut Jaeschke and coworkers provide a review of the most
popular animal models of DILI, and discuss the future of DILI research.
They introduce models of intrinsic DILI but also approaches to model
idiosyncratic DILI, which presents greater challenges, but promising
new models have recently been developed [13].

We strongly feel that this special issue of BBA provides a unique
comprehensive up-to-date overview of pivotal aspects on the most im-
portant current models for liver diseases which should give a robust
orientation for researches interested in this rapidly evolving research
area. We would like to give our sincere thanks to all the contributing
authors for their outstanding contributions!
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