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Abstract
The development of alcoholic liver disease (ALD) can 
be attributed to many factors that cause damage to the 
liver and alter its functions. Data collected over the last 
30 years strongly suggests that an immune component 
may be involved in the onset of this disease. This is best 
evidenced by the detection of circulating autoantibodies, 
infiltration of immune cells in the liver, and the detection 
of hepatic aldehyde modified proteins in patients with 
ALD. Experimentally, there are numerous immune 
responses that occur when proteins are modified with 
the metabolites of ethanol. These products are formed 
in response to the high oxidative state of the liver 
during ethanol metabolism, causing the release of many 
inflammatory processes and potential of necrosis or 
apoptosis of liver cells. Should cellular proteins become 
modified with these reactive alcohol metabolites and 
be recognized by the immune system, then immune 
responses may be initiated. Therefore, it was the 
purpose of this article to shed some insight into how the 
immune system is involved in the development and/or 
progression of ALD.
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INTRODUCTION
I t has become commonly accepted that immune 
mechanisms are partially responsible for the onset and/
or progression of  alcoholic liver disease (ALD). This is 
demonstrated by alcohol abuse increasing the immune 
deficiency in numerous diseases including: pneumonia, 
tuberculosis, human immunodeficiency virus (HIV), 
hepatitis C virus (HCV), hepatitis B virus (HBV), and 
many other less common infections[1]. This observation is 
often overlooked because of  the many other complications 
of  alcohol abuse such as: malnutrition, ingestion of  
high saturated fats, vitamin deficiency, drug abuse, and 
smoking[2]. The immune system has been suggested 
as playing a role in ALD because of  the many clinical 
manifestations that have been observed and are thought to 
contribute to the damage of  liver tissue[3,4]. However, the 
combination of  immune function, metabolism, genetics, 
nutrition, and environmental factors most likely together 
play a role in the development of  ALD. This review will 
begin to digest some of  the potential hypothesis as to how 
the immune system, in combination with other factors 
contribute to the onset or progression of  alcoholic liver 
disease.

LIVER TOXICITY DUE TO ETHANOL AND
ITS METABOLITES
General byproducts
After ethanol is ingested, it is absorbed in the gut and 
transported to the liver by the bloodstream where it 
is metabolized by either the alcohol dehydrogenase or 
cytochrome-P450 pathways. The first and most important 
pathway is alcohol dehydrogenase, which is isolated in 
the mitochondria and oxidizes ethanol to acetaldehyde. 
Acetaldehyde is further oxidized to acetate by acetaldehyde 
dehydrogenase. These reactions help form NADH and 
NAD, which alter the redox state of  the cell, causing 
harmful effects on lipid and carbohydrate metabolism 
when the normal ratio is altered[5]. Elevated levels of  
NADH inhibits fatty acid metabolism leading to the 
possible formation of  acute fatty liver[6] or they may play 
a role in the formation of  scar tissue in the liver (i.e. 
fibrosis)[7]. In the second method of  ethanol metabolism, 
CYP2E1 (an isoenzyme of  the cytochrome-P450 system) 
is involved. However, it is very limited at low doses, but 
can be induced by continuous exposure to higher levels 
of  ethanol when the need arises[8]. As a general rule, 
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alcoholics tend to have higher levels of  this enzyme than 
non alcoholics[9].

Studies have found that CYP2E1 can metabolize 
certain fatty acids to exacerbate the CYP2E1 pathway 
causing a build-up of  fatty infiltrate into the liver[10]. 
During CYP2E1 breakdown of  alcohol, there is a release 
of  highly reactive oxygen species (ROS). These ROS 
molecules damage the liver by altering the degradation of  
fat molecules, resulting in oxidative stress and free radical 
build up[11]. Therefore, both ethanol metabolism pathways 
contribute to the build-up of  fats and oxidative stress in 
the liver, providing a source for highly reactive molecules 
capable of  modifying or altering proteins in the liver.

Metabolite adducts
In the livers of  chronic alcoholics, a number of  metabolites 
are produced that could potentially become reactive 
to form stable protein adducts. Previous findings have 
demonstrated that acetaldehyde (AA) protein adducts form 
during the metabolism of  ethanol to acetaldehyde[12-15]. 
These acetaldehyde adducts are immunogenic and have 
been found in the serum of  both alcohol fed rats[16] and 
alcoholic patients[17]. Researchers have found that these 
AA-adducts interact with specific amino acids, particularly 
lysine, during their formation[18,19], as lysine residues on 
proteins tend to be highly reactive when protonated, and 
the level of  modification depends on the concentration of  
acetaldehyde.

One AA-adduct that was investigated for a number of  
years is the N-ethyl lysine adduct that can be formed when 
AA is incubated under reducing conditions. However, 
the development of  monoclonal and affinity purified 
polyclonal antibodies to this adduct have shown that it 
is not present in the tissue of  rats chronically consuming 
ethanol or human alcoholics. This now makes sense, since 
the levels of  reduction necessary to form this product do 
not occur in the liver during alcohol metabolism (which is 
an oxidative mechanism)[20,21].

As mentioned above, the metabolism of  ethanol occurs 
through two pathways, both of  which are oxidative and 
induce oxidative stress. Lipid peroxidation metabolizes 
fats to form malondialdehdye (MDA) and 4-hydroxy-2-
nonenal (HNE), which can react with proteins to generate 
still other adducts[19,22]. Both of  these adducts have been 
suggested to be detected in patients with alcoholic liver 
disease, with their concentrations possibly correlating with 
the severity of  the disease[23,24].

The increased concentration of  acetaldehyde levels and 
the oxidation of  the fats in the liver due to chronic ethanol 
intake, increase the oxidative state of  the liver, providing 
a key component in the formation of  another adduct 
that “molds” these two observations. Recent studies have 
shown that both malondialdehyde (from lipid peroxidation) 
and acetaldehyde (from ethanol metabolism) react with 
lysines on proteins in a synergistic manner to form hybrid 
adducts different from either of  these two aldehydes 
alone[25]. This adduct has been called Malondialdehye-
Acetaldehyde adduct (MAA) and has been shown to form 
two different components on the lysine residue. The first 
is a relatively stable compound formed on lysine with two 
molecules of  MDA and 1 molecule of  AA. This 2:1 adduct 

is extremely stable and fluorescent due to its characteristic 
ring structure. The second compound is formed on lysine 
with one molecule of  MDA and one molecule of  AA. 
This 1:1 adduct is very unstable and most likely serves 
at the precursor to the 2:1 adduct[26]. The MAA-adduct 
has been found in both rats[27] and human subjects[28] 
chronically consuming alcohol and in human studies, it has 
been shown that increased levels of  adducts in the serum 
correlated with severity of  liver disease[28].

Immune response to MAA-adducts
The MAA-adduct has been the focus of  numerous studies 
to determine its role in the onset of  alcoholic liver disease. 
One thing that is clear is that these MAA-protein adducts, 
when injected into animals (in the absence of  adjuvant), 
produce strong antibodies to the adduct, carrier protein, 
and the protein carrier conjugate[21]. Studies performed 
in our laboratory have demonstrated that MAA-adducts 
initiate the immune system to respond. These responses 
are achieved by binding to scavenger receptors, up-
regulating adhesion molecules, inducing pro-inflammatory 
cytokines, producing antibody and T-cell responses, and 
increasing the pro-fibrotic response.

Clearance of MAA-adducts
Recent evidence has shown that MAA-adducts bind to 
cells expressing scavenger receptors on their surface[29,30]. 
Chronic ethanol feeding studies with rats has shown that 
ethanol impairs the receptor(s) on liver endothelial cells 
impairing their ability to clear acetaldehyde and MAA 
adducts[31-33]. The inability to clear these molecules out 
of  the circulation leaves them available to other cells of  
the immune system. These immune cells bind modified 
adducts and induce inflammatory responses.

MAA-adducts upregulate adhesion molecules
In alcoholic liver disease, there is an increase in the 
infiltration of  immune cells, which accounts for the 
necrosis of  hepatocytes[34]. The recruitment of  these cells 
occurs by the increase in adhesion molecule expression 
on liver sinusoidal endothelial cell (SECs) surface[35]. This 
action occurs when expression of  selectins on SECs 
mediate loose attachment of  leukocytes to the vessel 
walls. Chemoattractants cause the activation of  integrins 
on leukocytes and these integrins bind to intercellular 
adhesion molecules (ICAMs) on the surfaces wall of  the 
SECs. The leukocytes then respond to the amount of  
chemoattractant and diapedese through the SECs cell 
junction[36]. It has been shown that metabolites of  alcohol 
can increase the expression of  these adhesion molecules 
on the surface of  SECs[37-41].

The ability of  these adducts to increase chemoattractants 
(TNF-Alpha, MCP-1, and MIP-2) and adhesion molecules 
(ICAM, p-selectin, and L-selectin) provide evidence for the 
recruitment of  immune cells into the liver. Damage to the 
liver results from the movement of  these cells into the liver 
parenchyma subsequently, causing an increase in cell death.

MAA-adducts induce pro-inflammatory cytokines
Aldehyde adducts have also been shown to induce the 
release of  pro-inflammatory cytokines and chemokines in 



kupffer, endothelial, and stellate cells[42-45]. These adducts 
most likely bind to scavenger receptors located on these 
cells and signal the release of  cytokines. Since these 
adducts are not cleared efficiently, they are able to be re-
circulated and induce pro-inflammatory responses. Also, 
T-cells and antibody can be elicited to exacerbate this 
response.

It has been determined that levels of  the cytokines 
TNF-alpha, IL-1 and IL-6 are elevated in alcohol liver 
disease patients[46-48]. One possible mechanism for the 
increased levels of  TNF-alpha is that increased gut 
permeability due the ethanol (leaky gut), causes the 
translocation of  lipopolysaccharide (LPS) from the lumen 
into the blood stream[49]. LPS generated from bacterial cell 
walls has been shown to stimulate macrophages to release 
TNF-alpha and other cytokines[50-53]. Data generated from 
our laboratory has shown that LPS (in extremely small 
amounts) in conjunction with MAA-modified proteins 
actually increases the release of  TNF-alpha, MCP-1, and 
MIP-1 by rat liver kupffer and endothelial cells[42]. One 
could postulate that both the metabolites of  ethanol 
(adduct formation on proteins) and the increased levels 
of  LPS in the blood stream (gut derived) provide the 
necessary components for endothelial and kupffer cells 
to begin releasing pro-inflammatory cytokines. Stellate 
cells have also been shown to increase the release of  
these pro-inflammatory cytokines in response to aldehyde 
adducts[45,54,55].

Increase in antibody and T-cell responses to MAA-adducts
Immune responses to MAA-adducts have been shown to 
be induced in the absence of  adjuvants[19,21]. This response 
may represent an important mechanism by which T and 
B-cells respond to soluble proteins. It has been shown that 
with as little as 25 micrograms of  MAA-modified protein, 
a tremendous antibody response is demonstrated; both to 
the MAA-adduct and the protein carrier conjugate[21].

Involvements of  T-cells in these responses are shown 
by the strong expansion of  T-cells to the MAA-adduct 
in in vitro studies[56]. These responses were determined 
to be to the adduct and protein carrier conjugate. It was 
also determined that scavenger receptors were involved 
in the uptake of  the MAA-adduct and presentation to 
T-cells[30]. Recent studies in our laboratory have shown that 
MAA-modified self  proteins can become immunogenic, 
potentially modifying liver proteins, and increasing the risk 
of  specific organ damage.

Pro-fibrotic response to MAA-adducts 
Hepatic fibrosis is the start of  the wound-healing process 
resulting from the injury to the liver caused by years of  
alcohol consumption. This process can be reversed should 
ethanol consumption be eliminated. However, if  ethanol 
consumption continues, fibrosis will occur, followed by 
scarring and finally the development of  cirrhosis[57,58]. 
Fibrosis is the build up of  excessive depositions of  
extracellular matrix (ECM) proteins, which consists of  
collagen and fibronectin[59]. These ECM proteins may 
cause the characteristic scar tissue formed in the liver 
after an injury has occurred. Byproducts of  ethanol 

metabolism have been shown to increase the release of  
these products. Hepatic stellate cells up-regulate collagen 
genes in response to stimulation with acetaldehyde[60,61]. 
Also of  interest is the finding that SECs secrete the isoform  
(EⅢA) of  fibronectin in response to MAA-adducts, which 
are capable of  causing stellate cells to release collagen[62]. 
Activation of  the stellate cells is the key component in 
the fibrogenic process, providing the main production 
of  fibrillar collagen. The build up of  modified protein 
adducts causes disability of  effective clearance, thereby 
increasing the activation of  SECs and stellate cells, resulting 
in a fibrogenic response. The only way to intervene in the 
continual response form fibrosis to cirrhosis is to remove 
the ethanol from the system. Some anti-fibrotic drugs have 
been experimentally tested, yet there are still problems 
concerning delivery and concentration[63-65].

IMMUNE FUNCTION AND ALCOHOL
Innate immune response
Ethanol affects many functions of  the innate immune 
system. The cell types involved in this early response 
include: macrophage, neutrophils, and natural killer cells. 
One of  the most active cells, the macrophage, is designed 
to respond to bacterial cell wall antigens by releasing 
cytokines, and engulfing foreign agents. In alcoholic 
liver disease, kupffer cells in the liver are activated by 
lipopolysaccaride (LPS) caused from a breakdown in the 
intestinal wall permeability. This phenomenon has been 
called “leaky gut” and occurs when alcohol increases 
gut permeability, causing bacteria from the intestinal 
tract to escape into the blood stream[66,67]. When LPS is 
present, it activates kupffer cells to release TNF-alpha 
and superoxides that result in an inflammatory response. 
Recent studies in our laboratory have shown that adducts 
and very small amounts of  LPS can stimulate kupffer cells 
and SECs to release these pro-inflammatory cytokines[42]. 
Once these cytokines are initiated, inflammation and 
necrosis occurs to hepatocytes and other cell types of  the 
liver.

Neutrophils are the cell type that is predominantly 
recruited to the liver in response to the increase in cytokine 
concentrations. When these cells infiltrate into the site of  
infection, they phagocytose antigens and release proteolytic 
enzymes capable of  destroying cell walls. They also release 
more chemoattractants to expedite the inflammatory 
process[68]. In alcoholic liver disease, these cells play a 
role in the propagation of  the disease by infiltrating and 
cleaning up dead or dying cells. In fact, it has been shown 
that IL-8, a known neutrophil chemoattractant, is elevated 
in patients with alcoholic liver damage[69,70]. These cell types 
can be seen microscopically infiltrating the liver in patients 
with alcoholic hepatitis[1].

Adaptive immune system
The adaptive immune system consists of  cells types 
designed to induce memory to specific antigens. It is 
characterized by the presentation of  antigen to T-cells 
and clonal expansion of  these cells to increase specificity 
to proteins, further increasing disposal of  foreign agents. 
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More importantly, there is a tolerance to self  antigens, 
protecting the organism from self  elimination[71]. When 
a breakdown in the adaptive immune response occurs, 
autoimmune diseases are sometimes initiated.

T-cells and NK T-cells have been implicated in the 
development of  alcoholic liver disease by the increased 
numbers found in human livers following ethanol injury[72]. 
Studies have demonstrated that co-culturing lymphocytes 
(from alcoholic cirrhotic patients) with ethanol increased 
the expression of  adhesion molecules and TNF-alpha as 
compared to control patients[38]. In this same study, the 
control patient lymphocytes when cultured with ethanol 
had a suppressive effect on the release of  these molecules. 
The T-cells in the liver help drive the inflammatory process 
by releasing more cytokines including: TNF-alpha and 
INF-gamma. Another study implicating lymphocytes in 
ALD was done by transferring T cells from ethanol-fed 
rats to control recipient rats. In this experiment, damage 
to the naive livers was shown using reactive T-cells from 
alcohol-fed animals[73]. Cytotoxic T cells can be generated 
in response to acetaldehyde-modified spleen cells[74], giving 
aldehyde-modified proteins a role in the activation of  these 
cells. Additionally, we have shown that aldehyde-modified 
proteins at high levels (non-physiological) can cause cell 
death and apoptosis to these cells[75]. Therefore, the build 
up of  these adducts in the liver could potentially increase 
the level of  cell death/apoptosis, increase cytokine 
production in all immune cell types, and cause increased 
inflammation in the liver leading to cirrhosis.

Alcoholic liver disease has often been associated 
with circulating antibodies and lymphocytes specific 
to hepatic antigens[76,77]. Circulating antibodies specific 
to acetaldehyde adducts and hydroxyethyl-free radicals 
have also been found to cor relate with ALD[78,79]. 
Malondialdehyde-acetaldehyde (MAA-adducts) have been 
found to be significantly increased in patients with ALD, 
which correlated with the severity of  liver damage[28]. 
Work done in animals has shown that MAA-adducted 
proteins are immunogenic without the use of  adjuvants[21]. 
Antibodies directed against these proteins were specific 
for both the MAA-adduct and the carrier protein. When 
hen egg lysozyme (HEL) was use as the carrier antigen, an 
antibody response to the carrier protein and not the adduct 
was observed[56]. This provides a possible mechanism of  
autoantibody production wherein metabolites of  ethanol 
modify hepatic self  antigens and induce an autoimmune 
response against the liver.

In order to induce a autoimmune response, the right 
set of  circumstance must be present to override the fail-
safe mechanism(s) put in place by immune cells of  the 
organism. In the adaptive immune response, this means 
that tolerance must be broken. How is tolerance broken 
in alcoholic liver disease? When metabolites of  alcohol 
are present in the liver (as described above), the immune 
response is tremendously increased in the liver. Toxicity 
due to the chemical breakdown of  these metabolites and 
the inflammation of  immune cells increase the number 
of  hepatocyte damage. Spilling of  cellular material into 
the liver is cleaned up by macrophage and neutrophils. 
Self  proteins from hepatocytes could become modified 
with acetaldehyde, malondialdehdye, or both. These self  

proteins could bind to and be taken up by macrophage, 
endothelial cells, or dendritic cells and presented to T-cells. 
If  this occurs, reactive cytotoxic T-cells or the production 
of  antibody could aid in damaging the liver. Experimental 
evidence to support this hypothesis has been demonstrated 
in animal models[80,81].

Previous studies with maleylated mouse serum 
albumin (MSA) have shown the breaking of  tolerance 
by inducing an antibody response to the carrier protein 
(MSA)[82]. These proteins were found to bind to scavenger 
receptors on the surface of  macrophage and presented to 
T-cells from the spleen. In fact, many different aldehyde-
modified proteins have been shown to bind to scavenger 
receptors[29,83-85]. Studies performed in our laboratory have 
demonstrated similar findings when MSA was modified 
with acetaldehyde and malondialdehdye[21]. These MAA-
modified self  proteins appear to bind scavenger receptors, 
are processed and presented in the cell, and increase the 
proliferative response in T-cells[30]. Further proof  for these 
observations is the increase in the co-stimulatory molecules 
B7-1 and B7-2 by splenocytes stimulated with MAA-
modified proteins[86]. These co-stimulatory molecules are 
the key component in autoimmune regulation and the 
breaking of  tolerance[87]. When the T-cell binds an antigen 
presenting cell, the T-cell receptor binds to the matching 
peptide presented in the groove of  the MHC molecule. 
If  co-stimulatory molecules are ligated, then the cell is 
signaled to respond and the T-cells begin to proliferate. 
Specificity is to the peptide in the groove, and if  this is a 
self  protein, the immune system sees these proteins (liver 
specific) as a foreign invader and eliminates the threat. 
This threat is eliminated with cyototoxic T-cells destroying 
the cell with their powerful enzymes[71]. If  these proteins 
happen to be presented to multiple B-cells and crosslinking 
of  receptors occurs, antibody production specific for the 
self-protein is initiated with the help of  T-helper cells. 
Antibodies would then bind to the self  proteins and be 
taken up by Fc receptors located on NK cells and attacking 
the liver cells[71]. See Figure 1 for a description of  this 
hypothesis.

INTERACTION OF DIET, ETHANOL, AND
IMMUNE FUNCTION
Diet and ethanol intake
Alcoholics have always been considered to be malnourished 
due to the exchange of  food calories for alcohol, leaving a 
reduction in valuable nutrients. One explanation for this is 
that increased alcohol intake interferes with absorption of  
these nutrients from the intestine, making them unavailable 
to the body[8]. Thus, a decrease in body fat is the case for 
a number of  individual alcoholics. However, metabolic 
syndrome in individuals has become a risk factor with 
the increase in high fat diets[88]. Metabolic syndrome is 
a chronic inflammatory condition that promotes insulin 
resistance and fat accumulation in the liver[89]. This disease, 
known as fatty liver, is quickly becoming an epidemic in 
our society as a result of  increased dietary fat intake[90]. 
Taken into account the chronic inflammatory condition in 
alcoholic liver disease alone, one could assume that the two 
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diseases together would greatly increase the severity of  the 
disease. To support this claim experimentally, investigators 
have shown in a rat model that incorporates an ethanol 
diet with polyunsaturated fats, there is an increase in the 
severity of  liver damage[91].

As mentioned above, alcohol metabolism increases 
the accumulation of  fats in the liver. This is caused by 
suppression in lipid oxidation as a result of  the increased 
production of  acetate produced from the metabolism of  
ethanol[92]. Fatty liver can also occur when levels of  NADH 
are increased. This enzyme is increased when alcohol is 
broken down by alcohol dehydrogenase and accounts for 
a number of  metabolic conditions including: hyperlipemia, 
hypoglycemia, hyperlactacidemia, hyperuricmeia, and gout 
attacks[8]. In looking at the increased inflammatory state 
and oxidative stress of  the liver under these conditions, 
one could speculate that lipoproteins and other proteins 
are modified by the metabolites of  ethanol.

Lipoproteins are oxidized under certain conditions. 
These lipoproteins are under investigation for contributing 
to coronary heart disease[93]. However, there is some 
indication that these modified lipoproteins may play a 
role in damage to the liver. They have been shown to 
bind to scavenger receptors on stellate cells and stimulate 
extracellular matrix proteins[94]. Aldehyde-modified proteins 
are similar in nature to these modified LDL proteins, 
in that they bind to some of  the same receptors[95]. 
Interestingly, in other studies, MAA-adducted proteins 
were found in atherosclerotic aortas, implicating a similar 
connection between MAA-modified proteins and oxidized 
LDL[96]. These data indicate that modified proteins may 
not be limited to the liver and may reach the blood stream 

and travel throughout the body. Since these modified 
proteins bind to scavenger receptors on endothelial cells, 
it seems likely that excess presence of  these adducts could 
be harmful.

Malondialdehyde, one of  the breakdown products 
of  lipid metabolism, has been implicated in autoimmune 
disease[97]. Anti-MDA adducts have been found in 
patients with systemic lupus erythematosus (SLE) 
and correlated with antibody markers specific for this 
disease. MDA-adducts have also been found to correlate 
with atherosclerosis and many other diseases by their 
ability to form lipofuscin[98,99]. MDA-adducts in our 
laboratory has been found in atherosclerotic plaques using 
immunohistochemical techniques[96].

These adducts formed from the metabolism of  fats 
or alcohol and have been shown experimentally in human 
subjects to have many harmful effects. The fact that they 
can be toxic to cells at high levels increases the cell death 
or apoptotic numbers in the organ[75,100,101]. This increases 
the amount of  pro-inflammatory cytokines in the organ 
and calls immune cells in to clean up the debris. If  aldehyde 
adducts bind to the cellular debris, and this material is picked 
up by an antigen-presenting cell, the risk for an increased 
immune response is prevalent. If  these molecules happen 
to be presented to an activated dendritic cell, the immune 
response is generated that is specific for the self  protein.

Taken altogether, the observation that many individuals 
are overweight or already have fatty liver without the 
consumption of  alcohol[102], there is an increased risk 
of  liver damage when alcohol is consumed in large 
quantities. Metabolism of  fats and ethanol together 
constitute a fine balance between clearance and build 

Figure 1  The proposed involvement 
o f  immune mechanisms in  the 
development and/or progression of 
alcoholic liver disease.  A schematic 
depicting the involvement of the 
immune system in the progress of 
fatty liver to end stage cirrhosis.

Damage to heptocytes is
compounded by both the cytokines
and infiltration of immune cells

Binding of self-proteins to dendritic
cell or cross-presentation B-cells
causes autoimmune mechanisms

Fatty live turns into cirrhosis from
continual damage cause by alcohol
and the immune components involved

Pro-inflammatory mediators
are released and immune
cells are recruited into the liver

Endothelial, Kupffer, and dendritic
cells bind these modified self proteins,
process and present to T-cells.

Toxic effects of adduct concentration
cause the cell necrosis or apoptosis

Metabolized by hepatocyte
into acetaldehyde

Metabolism of fats is decreased
and fatty liver results

High oxidative state of the cell
causes metabolite adducts to be made

Ingestion of ethanol
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up of  reactive metabolites. Acetaldehyde from alcohol 
and malondialdehyde from lipids increase in number 
until the product is eliminated from the body. If  and 
when individuals continue to consume either ethanol, 
fats, or both in large quantities, they run a risk of  adduct 
formation. As discussed above, adduct formation can 
lead to a number of  diseases including: autoimmunity, 
atherosclerosis, alcoholic liver disease, non-alcoholic liver 
disease, and many others.

Management or treatment options
In looking at treatment options for alcohol abuse and 
obesity, the fastest way to resolve these diseases is to 
eliminate the source. Alcoholic steatosis can be reversed 
if  withdrawal from ethanol is accomplished. In fact, 
abstinence from ethanol can improve cirrhosis and/or 
fibrosis within only several weeks if  eliminated from 
the diet[103]. As for obesity, any loss in weight has large 
implications in improving disease state of  any kind. 
However, individuals will continue to consume fats and 
ethanol so treatment using other methods could help in 
the quest for improved disease state.

Nutrition of  patients with alcoholic liver disease has 
been a key component, as many of  these individuals are 
malnourished. This puts pressure on the immune system in 
its ability to clear infections and aid in liver regeneration[103]. 
Increasing proteins, vitamins, essential amino acids, and 
decreasing saturated fat intake can aid in the recovery of  
many liver disease patients[91,104]. However, diet change is 
hard for individuals so administration of  certain vitamins 
has been somewhat successful. These include injections 
of  vitamin B1, supplements of  vitamins B2 and B6, and 
increasing folic acid levels[8].

When nutritional changes are not working for these 
patients, various compounds have had some success. 
These include: steroids, anti-TNF, S-adenosylmethionine, 
betaine, antibiotics, and possibly statins. Corticosteroids 
have been able to reduce the inflammatory response in 
numerous diseases. In alcoholic liver disease, steroids 
have been shown to reduce cytokine production, suppress 
acetaldehyde adducts, and inhibit the production of  
collagen[105]. Studies have demonstrated that TNF-alpha 
levels are greatly increased in the liver following chronic 
alcohol consumption[106]. This cytokine is toxic to cells and 
is the major source of  inflammation in the liver. Treating 
with anti-TNF antibodies immobilizes the effects of  TNF-
alpha on hepatocytes and other cells in the liver[107].

Treatment with anti-oxidants has been somewhat 
successful in the quest for alcoholic liver disease therapy. 
S-adenosylmethionine (SAM) and betaine have been shown 
to restore glutathione levels, which increase the ability of  
the liver to metabolize fats[108-110]. SAM and betaine work by 
correcting alterations in methionine metabolic pathways, 
restoring methylation reactions in the oxidative liver. Use 
of  antibiotics for treatment of  liver cirrhosis in individuals 
with bacterial infections is also beneficial[111,112]. Bacterial 
infections in these patients are due in part to the increase 
in gut permeability, where by alcohol cause the release of  
normal flora into the blood stream. Lipopolysaccaride 
from the cell walls of  these bacteria increase levels of  

cytokines greatly enhancing toxicity to cells in the liver[48]. 
By decreasing the level of  bacteria in the system, activation 
of  the immune system by these cytokines can be reduced. 

Statins are commonly used to lower harmful cholesterol 
in the blood stream[113]. These drugs are mainly used 
to prevent atherosclerosis and heart disease. However, 
recent evidence for preventing other diseases has become 
available. For example, statins have been postulated 
to have an anti-inflammatory and immunomodulatory 
role in protecting the body against endotoxin from 
bacteria[114]. Evidence has also shown that these drugs 
may have implications in the treatment or prevention of  
metabolic syndrome[115]. The cholesterol lowering and 
anti-inflammatory properties of  these drugs might be 
helpful in the future to lower the fatty liver associated with 
alcoholic liver disease. Studies will need to be performed 
to determine the efficacy of  statins.

There is some suggestion that ethanol in moderation 
might have some beneficial effects to certain individuals. 
Decreased risk of  coronary heart disease has been 
associated with individuals who drink as little as one to 
six alcoholic beverages per week[116]. Experts think that 
small doses of  alcohol may increase the level of  good 
cholesterol (HDL) in the blood stream regardless of  the 
beverage consumed[117]. However, the overall benefit of  
alcohol does not outweigh the risk of  the toxic effects of  
this drug. Like all things in life, moderation is the key to 
living a healthy lifestyle.

CONCLUSION
While there are a number of  contributing factors resulting 
in the development and/or progression of  alcoholic liver 
disease, the immune system appears to be a major player. 
Immune function in alcoholics has shown circulating 
autoantibodies, hypergammaglobulinemia[3,118], antibodies 
to metabolite adducts[24,28,79], and the infiltration of  immune 
cells into the liver[34,37,72]. One other factor to support 
the immune system is seen in alcoholic patients who 
have received a liver transplant. If  these individuals start 
consuming ethanol, hepatic fibrosis or cirrhosis occurs 
much more quickly than the years it took to develop prior 
to transplant[119]. This quick memory response to the liver 
suggests that the adaptive immune system is involved. 

Other factors that contribute to the development of  
ALD include: metabolism, toxicity, genetics, and nutritional 
factors. The metabolism of  excess ethanol causes many 
harmful effects that could contribute to the formation of  
metabolite adducts. If  these adducts form while cells are 
dying from the toxic effects of  ethanol, self-proteins could 
become modified, providing the necessary mechanism for 
autoimmune disease. If  you figure in the susceptibility of  
certain individuals and their genetic make up, the risk for 
liver disease becomes higher. Also factored into to this is 
the observation that many alcoholics are malnourished, 
consuming many of  their calories from alcohol[8]. It has 
been shown that the immune system works better when a 
healthy balanced diet is followed[120]. One other common 
issue is the consumption of  high levels of  fatty foods in 
the diets of  most individuals. Alcohol metabolism already 
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contributes to the build-up of  fats in the liver (fatty liver); 
compound that with the addition of  more fats in the 
diet and the potential exists for a double-edged sword of  
damage and oxidative stress.

The fact remains that alcohol consumption has many 
harmful effects on the body. However, getting people to 
stop drinking completely is an unrealistic expectation. The 
need for understanding the mechanisms of  alcoholic liver 
disease remains necessary for determining better therapy 
and intervention strategies.
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