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Progression of Alcoholic and Non-alcoholic Steatohepatitis: Common
Metabolic Aspects of Innate Immune System and Oxidative Stress

Shuhei Sakacuchi®, Shougo TakanasHi, Takamitsu Sasaxi, Takeshi Kumacai and Kiyoshi Nagara
Department of Environmental and Health Science, Tohoku Pharmaceutical University, Sendai, Japan

Full text of this paper is available at hitp://www.jstage.jst.go.jp/browse/dmpk

Summary: Growing evidence indicates that the innate immune system and oxidative stress caused by gut-
derived endotoxins play a key role in alcoholic liver disease (ALD). Intracellular mechanisms associated with
endotoxin-induced signaling play a crucial role in the initiation and progression of ALD. It is now widely
accepted that activation of the innate immune system and increased release of pro-inflammatory cytokines
and other mediators play an important role in the development of ALD. Accumulating evidence suggests
that alcohol-mediated upregulation of CYP2E1 expression may initiate lipid peroxidation via reactive
oxygen species. Non-alcoholic steatohepatitis (NASH) is a liver disease characterized by histopathological
features similar to those observed in ALD, but in the absence of significant alcohol consumption. Initial
efforts to clarify the mechanisms that promote the progression from steatosis to steatohepatitis somewhat
artificially divided disease mechanisms into “first and second hits.” This model considered the development
of steatosis to be the “first hit,” increasing the sensitivity of the liver to the putative “second hit,” leading to
hepatocyte injury, inflammation, and oxidative stress. We have emphasized the important role of gut-
derived bacterial toxins, the innate immune system, and oxidative stress in the common pathogenic
mechanism in ALD and NASH progression.

Keywords: alcoholic liver disease (ALD); non-alcoholic steatohepatitis (NASH); non-alcoholic fatty
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Introduction

Hepatic injury is induced unmder various stressful
conditions including ischemia/reperfusion, hemorrhagic
shock and resuscitation, hepatectomy, liver cirrhosis,
endotoxemia, and chronic alcoholic consumption. Histology
has showed that nearly 75% of hepatocytes in ethanol-fed
mice exhibit steatosis. Although the mechanism responsible
for hepatic injury differs for each type of stress, there are
common factors such as the activation of inflammatory
processes, overproduction of reactive oxygen species (ROS),
and microcirculatory disturbances. Alcoholic hepatitis and
other forms of alcoholic liver disease (ALD) are major
complications of chronic excessive ethanol intake. Long-
term excessive consumption of alcohol can result in a
spectrum of liver abnormalities, ranging from simple fatty
liver (steatosis) to scar tissue formation (fibrosis), the
destruction of the normal liver structure (cirrhosis), and
even liver cancer. Early on, alcohol-induced steatohepatitis is

characterized by the accumulation of fat molecules in liver
tissue, accompanied by the migration into the liver of cells
associated with inflammatory processes. It has become
increasingly clear that alcohol alone is not solely responsible
for the initiation and/or progression of ALD. In the United
States, the number of ALD patients is estimated to exceed 2
million. Some patients with cirrhosis and alcoholic hepatitis
have a 65% mortality rate over a four-year period, with
most deaths occurring in the first few months.” The
pathogenesis of injury resulting from acute and chronic
aloohol consumption is multi-factorial with diverse con-
sequences in different cell types. Alcohol-induced injury
occurs at multiple levels, ranging from innate immune cells
to the liver parenchymal cells, i.e., hepatocytes. Immune
cells, including hepatic macrophages (Kupffer cells), play a
pivotal role in early alcohol-induced liver injury via the
recognition of endotoxin/lipopolysaccharide (LPS) in the
portal circulation, Of the many factors that contribute to the
pathogenesis of ALD, gut-derived endotoxin plays a central
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