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Abstract

Inflammatory signaling and oxidative stress are two
major components in the pathogenesis of alcoholic he-
patitis. Alcohol consumption results in translocation of
gut bacteria into the portal system along with lipopo-
lysaccharides that interact with toll-like receptors and
results in the production of inflammatory and immuno-
genic mediators such as tumor necrosis factor-alpha
(TNF-o.) and interferons. Chronic consumption of alco-
hol causes priming of this process in which there is en-
hanced production of cytokines, interferon, interleukins,
and TNF-a.. Oxidative stress, genetic predisposition, and
the unfolded protein response are other contributory
mechanisms. Novel therapies aimed at these pathways
may prevent, decrease, or delay the complications of
alcoholic hepatitis.
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INTRODUCTION

It is important to understand the pathogenesis of acute
alcoholic hepatitis (AH) in order to develop new treat-
ment strategies for management of this potentially fatal
condition.

MECHANISMS OF ALCOHOL
INDUCED STEATOSIS

Macrovesicular steatosis occurs in all drinkers within a few
weeks of drinking and is completely reversible on abs-
tinence. A combination of increased lipogenesis and im-
paired fatty acid breakdown results in steatosis which wor-
sens as the ALD progresses. Mechanisms of ethanol-indu-
ced steatosis are: (1) increase in fatty acid synthesis through
transcription factor sterol regulatory-element-binding pro-
tein (SREBP-1) which codes for lipogenic enzymes; (2)
ethanol promotes lipid metabolism through inhibition of
peroxisome-proliferator—activated receptor oo (PPAR-)
and AMP kinase and stimulation of sterol regulatory ele-
ment-binding protein 1. This in turn, increases fatty acid
oxidation and leads to lipid storage remodeling; (3) lower-
ing of circulating adiponectin levels which further decrea-
ses AMPK; (4) increase in insulin resistance in adipocytes
that disrupts insulin signaling to phosphoinositide 3-kinase
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Figure 1 Overview of the pathway of alcoholic injury resulting in the direct
production of oxidative stress and the LPS-TLR pathway that culminates
in production of cytokines and other inflammatory processes that result in
hepatitis of the liver.

(PI3K)13; and (5) interference with fatty acid beta oxida-
tion in mitochondria and peroxisomes through increase in

NADH/NAD ratio".

LIVER INJURY DUE TO ALCOHOL
METABOLITES

Hepatocytes convert ethanol to acetaldehyde through three
mechanisms: Alcohol dehydrogenase, cytochrome P-450
isoenzyme-1 (CYP2E1), and catalase™. Ethanol oxidation
by CYP2E1 itself creates hydroxyethyl free radicals that in-
teract with hepatocyte nucleic acids and proteins to make
antigenic adducts such as malondialdehyde and acetalde-
hyde that elicit an immune response and cause direct oxi-
dative injury of DNA and proteinsm.

Against the background of steatosis and existing liver
damage, heavy and continued drinking in some patients
causes AH. Two main mechanisms are involved: inflam-
mation and oxidative stress.

PATHOGENETIC PATHWAYS LEADING
TO HEPATIC INFLAMMATION

AH is a condition with features similar to systemic inflam-
matory response syndrome: fever, tender enlarged liver,
leukocytosis, and increased hepatic blood flow. Initiating
events include expression of gut-derived lipopolysaccha-
rides (LPS), interaction of LPS with TLR4 receptors,
activation of inflammatory signaling pathways, cytokine
release, and Kupffer cells (Figure 1).

LPS, a component of the outer membrane of gram-
negative bacteria interacts with immune cells and triggers
inflammatory reactions with release of cytokines. Chronic
alcohol exposure increases gut permeability and facilitates
translocation of endotoxins from the intestinal lumen
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Figure 2 Link between gut derived bacterial lipopolysacaride and Toll like
receptor-4 stimulation within the liver.

to the portal circulation (Figure 2). Increased levels of
endotoxins and increase in gut permeability have been
shown in patients with alcoholic liver disease!. Further,
pretreatment with antibiotics or lactobacillus in animal
models decreases the LPS-endotoxin and the severity of
liver injury.>”

Toll-like receptors (TLRs), important components of
the innate immune system, function as pattern recognition
receptors which recognize and bind proteins and toxins
released by pathogens. There are many TLRs, but in alco-
holic liver disease TLR4 is most relevant””. TLR4 signals
activate early growth response 1 (EGRI1, a transcription
factor), nuclear factor-kappaB (NF-kB), and TLR4 adap-
tor (toll-interleukin-1-receptor-domain-containg adapter-
inducing interferon-beta or TRIF)". CD14 and TLR4 defi-
cient mice are protected from alcoholic liver injury"”. Inter-
estingly, TLR4 is expressed by a number of other cells
including hepatocytes, hepatic stellate cells, and sinusoidal
epithelial cells which may further contribute to ALD",
Thus, TL.R4 up regulation, in response to endotoxins, pro-
mpts Kupffer cells to release large amounts of TNF-o
and NF-kB.

TLR4 acts through a pathway common to other TLRs,
myeloid differentiation factor 88 (MyD88) pathway, as well
as a specific and unique pathway to TLR4, TRIF signaling
(the MyD88 independent pathway)"”. In the MyD88 path-
way, interleukin 1 receptor associated kinase (IRAK) and
possibly TNF receptor associated kinase 6 (TRAFG) atre
recruited to the TLR4 complex by MyD88 and eventually
express TNF-o and apoptosis transcription factor AP-1.
The TRIF pathway (My88-independent) activates IRF-3,
NF-kB and eventually IFN-f and TNF-¢, productionm].
IRF-3 may also bind to the promoter region and up regu-
late transcription of TNF-g'"”.

NF-kB is a transcription factor that is translocated to
the nucleus in response to stress signals and binds to the
promoter region of pro-inflammatory genesm. Chronic
alcohol intake primes the liver through continued NF-xB
activation and increased TNF-o. production in response
to LPS, and murine models show increased binding of
NF-kB to the DNA™. Monocytes from chronic alcoholic
patients show increased NF-kB activation in comparison
to controls”. Additionally, monocytes cultured from chro-
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nic alcoholics show increased amounts of TNF in res-
ponse to LPS stimulation”. Studies have shown that in
rats chronically fed ethanol, injected LPS results in a much
higher plasma level of TNF-o compared to controls™"”.

Other pathways which are stimulated in this process are:
(1) the signal transducer and activator transcription factor
(STAT) pathway activated by interleukin-6 (IL-6) and
interferons-LPS causes STAT3 to induce 1L-10 production
during acute alcohol exposure in monocytes”; (2) LPS
stimulation of MAPK family members which include JNK
(c-jun-N-terminal kinase), ERK (extracellular receptor
activated kinases), and p38 culminates in NF-kB produc-
tion and mRNA stabilization™; and (3) Changes in immu-
ne function accompany LPS-induced hepatic inflamma-
tion- CD4+ and CD8+ T lymphocyte infiltrates are found
in 40% of patients with ALD™ Tt is thought that abnoz-
mal proteins may leak into the portal system and collect
in germinal centers where the antigens are presented to
CD4+ T-cells resulting in antibody creation against the
proteins. Hepatic stellate cells can also present such anti-
gens to CD4+ cells, and dendrites that scavenge dead he-
patocytes may present antigens to CD8+ cells, thus provi-
ding numerous possible pathways by which oxidative stress
can stimulate the immune system through both humoral
and cellular mechanisms.

All these pathways result in recruitment of inflam-
matory cells (polymorphs and mononuclear cells) and
cause necroinflammation. This is followed by Kupffer cell
activation, hepatocyte ballooning, and apoptosis.

OXIDATIVE STRESS

Oxidative stress occurs when there is an imbalance be-
tween antioxidants and reactive oxidizing speciesm. Oxi-
dative stress is indirectly measured through markers such as
protein oxidation, lipid oxidation, DNA oxidation, and de-
pletion of antioxidants. In AH, there is decreased produ-
ction and increased depletion of antioxidants alongside an
increase in production of reactive oxygen species(ROS),
reactive nitrogen species, and peroxidized lipids.

Markers of oxidative stress increase with acute alcohol
ingestion and in persons with AH™. Activated Kupffer
cells and hepatocytes act as sources of free radicals in res-
ponse to alcohol™. As alluded to eatlier, CYP2E1 may in-
crease 5-20 fold in patients with AH, leading to increased
electron leakage and release of ROS causing oxidative
stress, adduct formation and immunogenic responsesm].
Oxidative stress leads to damage of the mitochondria, en-
doplasmic reticulum (ER) stress and subsequent apoptosis,
and increased lipid synthesis™’. The ROS cause lipid per-
oxidation and the formation of Mallory bodies through
breakdown of proteins. Other sources of oxidative stress
include granulocytes from the inflammatory process ca-
talyzed by the enzymes NADPH oxidase and myeloperoxi-
dase which cause production of ROS, hepatic iron accu-
mulation, and a decrease in antioxidants™". ROS can also
activate ERK1/2, p38 MAPK kinases, and NF-xB which
stimulates TNF-o, complementing the LPS-induced path-
ways of TNF-q production and creating a vicious cycle
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of inflammation and oxidative stress™.

Mitochondria rely on transport of the powerful antio-
xidant glutathione from the cytosol. Alcohol consumption
inhibits methionine conversion to S-adenosylmethionine
(SAMe), the precursor for glutathione synthesis. Addi-
tionally, alcohol inhibits methionine synthase and folate
which act as cofactors for methyl group transfers. Dis-
ruption of these pathways impairs the conversion of
homocysteine to methionine, resulting in the accumulation
of homocysteine, further disabling the redox balance of

. . . 2]
cells in favor of oxidative stress”.

MISCELLANEOUS MECHANISMS AND
PATHWAYS

Proteasomes degrade defective proteins and help in regula-
tion of cell processes such as gene regulation and cell divi-
sion. When the proteasomes do not work propetly, pro-
teins accumulate and enhance progression of liver disea-

se”. In animal models of chronic alcohol feeding, protea-
some activity decreases and serum levels of ubiquitin, invo-
Ived in the degradation of defective proteins, increases””
Ubiquitin also accumulates in hepatocytes and appears as
Mallory bodies on liver histologym.

The unfolded protein response (UPR) is a series of
signals triggered by the accumulation of unfolded proteins
and is due to stress placed on ER™. UPR reduces protein
synthesis and favors protein degradation as well as acti-
vation of Nfr2-mediated apoptosis signals[32]. UPR is ag-
gravated by the accumulation of protein adducts and ROS
as well as by the depletion of antioxidants such as gluta-
thione™> .,

SAMe is the primary methyl donor and precursor to
glutathione. In alcoholic hepatitis, there is a decrease in
hepatic methionine levels and a 50-60% decrease in the acti-
vity of methionine adenosyl transferase, the enzyme which
converts methionine to SAMe"”
glutathione synthesis which results in impaired clearance

. This causes a decrease in

of oxidative species such as 4-hydroxynonenal (marker of
lipid peroxidation) and mitochondrial injury. Human and
animal studies have suggested that SAMe replacement re-
sultsmi]n increased GSH and decreased matkers of oxida-
ton" .
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