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An Unbiased Approach to
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Liver Disease
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Alcoholic liver disease (ALD) represents a range of clinical and
morphological changes that range from steatosis to inflammation
and necrosis (alcoholic hepatitis) to progressive fibrosis (alcoholic
cirrhosis) [1]. Most chronic heavy drinkers exhibit steatosis
characterized by greater amount of macrovesicular fat content than
microvesicular fat. In addition hepatocyte ballooning degeneration
with mixed lobular inflammation is evident [2,3]. Patients with ALD
also have elevated serum concentrations of alanine aminotransferase
(ALT) and aspartate aminotransferase (AST), which are evidence of
liver injury. The severity of disease is not always correlated with the
amount of alcohol consumed. In fact, most long-term heavy drinkers
develop steatosis, but only 20-30% of these patients develop hepatitis,
and less than 10% will progress to cirrhosis [4-6].
Nonalcoholic fatty liver disease (NAFLD) can progress from
steatosis to inflammation called nonalcoholic steatohepatitis (NASH)
[7] without consumption of alcohol. Patients with NASH also have
elevated serum concentrations of ALT and AST. Liver histology from
patients with NASH is identical to those found in alcohol-induced
steatohepatitis (ASH). Obesity and insulin resistance are highly
associated with liver disease in patients with NASH suggesting that
the mechanism of liver injury in NASH may be different than in
ASH. However, the mechanism that causes mild steatosis to progress
to more severe forms of liver disease in a subset of the population is
still unclear.
When a patient develops liver disease, they exhibit symptoms of
hepatic steatosis and inflammation with insulin resistance; therefore
it is difficult to tease out the contribution of only obesity or insulin
resistance to the development of disease in humans. Thus, the need
for suitable animal models is necessary for us to better understand
the role of each of these factors in ASH and NASH. Current genetic
animal models for steatosis focus on single gene mutations that
promote increased lipogenesis or decreased fatty acid oxidation.
Models for increased fatty acid synthesis include leptin deficiency
(ob/ob), lack of leptin receptor (db/db), and altered leptin receptor
signaling (fa/fa). Leptin is a key regulator in the brain for hunger
that is produced in adipose tissue. Lack of the leptin or leptin
receptor results in hyperphagia causes obesity, steatosis and insulin
resistance [8-10]. Another animal model for steatosis has disrupted
melanocortin receptor signaling in the hypothalamus of the brain
which regulated appetite, body weight and insulin secretion.
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Disruption of melanocortin signaling by deletion of melanocortin 4
receptor (MC4-RKO) causes obesity, steatosis and insulin resistance
[11,12]. Other genetic animal models have mutations that decrease
lipid removal. The peroxisome proliferator receptor α knockout mice
(PPARα-/-) have reduced fatty acid oxidation. PPARα is a hepatic
transcription factor that regulates the transcription of mitochondrial
and peroxisomal β-oxidation genes. The enzyme, acyl CoA oxidase
(AOX), is the first enzyme in the peroxisomal β-oxidation pathway.
Acyl CoA oxidase knockout mice (AOX-/-), have reduced fatty acid
oxidation and develop severe hepatic steatosis due to the intrahepatic
accumulation of long-chain fatty acids. This results in steatohepatitis
and liver tumors [13]. These are just some of the animal models that
have been studied and are by no means a comprehensive review.
In addition to single gene models, wild type or inbred strains of
mice, such as C67Bl/6J have been manipulated by diet to develop
obesity, steatosis and inflammation. This suggests that both genetics
and environmental factors can increase hepatic lipogenesis and
steatosis. Dietary models of steatosis commonly used are methioninerestricted choline-deficient diet (MCD) and the high fat simple
carbohydrate (HFSC) diet. The MCD, which is high in sucrose and fat
(40% sucrose and 10% fat) but lacks methionine and choline that are
necessary for hepatic beta oxidation and very low-density lipoprotein
(VLDL) production [14,15]. This model produces steatohepatitis,
inflammation and liver fibrosis that are histologically similar to
NASH in humans but the animals lose significant weight. The mice
also do not develop peripheral insulin resistance, which is evident in
patients with NASH [16,17]. Thus, the MCD diet is not reflective of
the human disease.
The HFSC diet (26% kcal sucrose, 58% kcal fat, 16% kcal protein)
produces obesity and insulin resistance in some inbred strains of
mice. The mouse strain, C57BL/6J (abbreviated B6) is a well-accepted
model of diet-induced obesity [18]. We and others have shown that
the B6 male mice fed a HFSC diet for 16 weeks have increased their
body weight by 15%, develop steatosis and become insulin resistant,
while the A/J male mice remain lean and have no accumulation of
hepatic lipids [18,19]. We also have demonstrated that after 400 days
on the HFSC diet, the livers of B6 male mice had progressed from
steatosis to NASH and hepatacellular carcinoma (HCC); yet the
A/J male mice remained resistant to these conditions. Thus, relative
to A/J male mice, the B6 male mice have a genetic susceptibility to
developing diet-induced steatosis, which progresses to severe liver
injury after long-term exposure to the HFSC diet [20]. This long-term
diet study is very similar to the human disease, but it would be difficult
to identify quantitative trait loci (QTLs) modulating development of
HCC since the diet study is expensive to perform.
How can we identify new genes and pathways for the development
of ASH and NASH that mimic the human disease yet are cost
effective? With the development of chromosome substitution strains
(CSS) we are able to have an unbiased approach for identification of
genes involved in the development of liver disease. The B6-ChrA/j CSS
panel was constructed by crossing B6 (recipient genome) and A/J
(donor genome) mice [21,22]. We have surveyed the panel of CSS
to identify genes that modulate obesity, insulin resistance and liver
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steatosis [23]. The advantages to using CSS strains with an isogenic
A/J chromosome over a traditional F1 hybrid cross between B6 and
A/J strains are 1) ability to identify both dominant and recessive
genes modulating liver injury 2) the ability to have genetically
identical mouse strain to continue studying and 3) ability to decouple
phenotypes and investigate their contribution individually. Finally,
with the discovery of novel genes and pathways from the CSS we can
return to the human genome and determine if the single nucleotide
polymorphisms (SNPs) in the mice are associated with liver disease
in the human population. This will allow us to identify new genes
and pathways in an unbiased manner and eventually develop novel
therapies for the prevention and treatment of liver disease in a timely
and cost effective manner.
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