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1.  ABSTRACT

While most of the investigations into the
causative events in the development of alcoholic liver
disease (ALD) have been focused on multiple factors,
increasing interest has centered around the possible role of
immune mechanisms in the pathogenesis and perpetuation
of ALD.  This is because many of the clinical features of
ALD suggest that immune effector mechanisms may be
contributing to liver tissue damage, as evidenced by the
detection of circulating autoantibodies, and the presence of
CD4+ and CD8+ lymphoid cells in the livers of patients
with ALD.  One mechanism that has been associated with
the development of autoimmune responses is the
modification (haptenation or adduction) of liver proteins
with aldehydes or other products of oxidative stress. This is
because it has been shown that these adducted proteins can
induce specific immune responses, to the adduct, the adduct
plus protein (conformational antigens), as well as the
unmodified parts of the protein.  More importantly, it is
possible to demonstrate that adducted self-proteins can
induce reactivity to the normal self-protein and thereby
induce autoimmune responses.  Therefore, it is the purpose
of this manuscript to outline the mechanism(s) by which
these modified self proteins can induce autoimmune

reactivity, and thus play a role in the development and/or
progression of ALD.

2.  INTRODUCTION

The underlying mechanisms of alcoholic liver
disease (ALD) are not clear. However, recent reviews have
outlined several lines of evidence suggesting alterations in
the immune response (1,2) including, elevation in serum
immunoglobulin levels, alterations in the CD8+/CD4+ T-
cell subsets, and changes in the normal cytokine balance.
Dysfunction, resulting in immunosuppression, can lead to
diseases like pneumonia, tuberculosis, and possibly HIV
infections.  Chronic alcohol abuse, also can produce
diseases with autoimmune components, which include;
alcoholic hepatitis, alcoholic cirrhosis, and the presence of
circulating autoantibodies specific for lymphocytes, brain,
DNA, serum lipoproteins, and liver proteins.

One mechanism that has been associated with the
development of these autoimmune responses is the
modification of liver proteins with aldehydes or other
products of oxidative stress.  Acetaldehyde, a product of
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ethanol metabolism, has been shown to form stable adducts
recognized by the immune system as foreign.  Studies done
by Israel et al, have shown a type I hypersensitivity
reaction, yielding IgE antibodies against acetaldehyde
adducts, when mice were immunized with plasma proteins
modified with acetaldehyde (3).  Human studies showed an
increase in anti-acetaldehyde-protein IgE antibodies among
individuals consuming alcoholic beverages (3).  IgG and
IgA antibodies against anti-acetaldehyde adducts were
found to be elevated  in patients with alcoholic liver
disease.  Also found was IgG antibodies directed against
anti-malondialdehyde (MDA) adducts, indicating that both
lipid peroxidation and alcohol metabolism are involved, or
in the formation of these adducts (4,5).

Malondialdehyde adducts have been implicated
in the development of autoimmune diseases resulting from
adduct formation.  Anti-MDA adducts were induced using
trichloroethene (TCE) in MRL +/+ mice (6).  TCE causes
oxidative stress, which results in lipid peroxidation
products and the induction of anti-MDA adducts.  These
anti-MDA adducts were observed in patients with systemic
lupus erythematosus (SLE) and found to correlate with
anti-nuclear and anti-cardiolipin antibody markers (6).
Also the production of MDA adducts strongly correlates
with the development of atherosclerosis.  These data
suggests a role for oxidative stress and the formation of
adducts capable of causing autoimmune disease.

Recently, a new adduct was produced by reacting
malondialdehyde and acetaldehyde with  proteins to
produce hybrid adducts (7).  Immune responses to
malondialdehyde-acetaldehyde (MAA) adducts have shown
correlation with alcoholic liver disease in humans (8).  This
is of interest because these MAA modified (haptenated)
proteins are immunogenic (7,9) and have led to the
proposal that immune responses against these proteins may
play a role in the initiation and/or propagation of alcoholic
liver disease.

Scavenger receptors have been implicated in the
onset of autoimmune diseases by their ability to bind
aldehyde and other modified proteins.  This has been
shown in a study using maleylated mouse serum albumin
(maley MSA) to break T-cell tolerance, where in the self
adducted protein binds scavenger receptors, is internalized,
processed and presented in MHC class II.  The ability to
present self peptide in MHC Class II provides an ideal
model for the study of tolerance and autoimmune disease
(10).  Studies using oxidized LDL in scavenger receptor
type A knock out mice have shown similar results.  The
SR-A negative mice had no proliferative response to
oxidized LDL, however, when SR-A positive antigen
presenting cells from spleens were added back into the
cultures a strong T-cell response was observed (11).  SR-A
involvement in the processing of antigen and subsequent
presentation to T-cells provides a way for damaged
macromolecules to become immunogenic.  For example,
scavenger receptors located on tissue macrophages are
involved in the clearance of haemoglobin released from
ruptured erythrocytes (12).  Intravascular haemolysis is
accelerated in patients with autoimmune disease which may

be due in part to the up regulation of costimulatory
molecules or an alteration in receptor function.

Further evidence suggesting the involvement of
scavenger receptors is found in the binding of MAA
modified proteins, and their ability to induce cell death (13-
15).  Recently, apoptosis has been suggested to be involved
in the development of autoimmune diseases (17).
Apoptosis is important  when the immune system has
cleared an infection and needs to reduce the rapidly
proliferating lymphocytes back to normal levels.  If these
materials are not removed in the appropriate manner, (i.e.
die by necrosis or taken up by dendritic cells)  intercellular
(18) proteins may become antigenic and possibly lead to
autoimmunity (18,19).  SLE is one disease that suggests a
break down in apoptosis, as patients have been shown to
have circulating antibodies directed against dsDNA, and
autoantibodies may have been produced by the activation
of polyclonal B cells specific for cellular contents
following tissue distruction (19).  Apoptosis has also been
shown to induce protein modifications such as
(de)ubiquitination, methylation, and citrullination.  These
modifications may change the protein structure, which
makes them antigenic, and results in the production of
autoantibodies to cellular proteins.  This could explain the
anti-citulline antibodies found in patients with rheumatoid
arthritis (RA) (20,21).

Taken altogether, the observation that MAA
modified proteins can induce cell death, upregulate
adhesion molecules expression, and induce pro-
inflammatory cytokine release,  it can be speculated that
these modified proteins could play a role in the
development of an autoimmune disease.  To better
understand the role of these adducts and their potential to
induce an autoimmune like disease of the liver, would
greatly enhance the knowledge of not only alcoholic liver
disease, but also other autoimmune diseases as well.
Therefore, it is the purpose of this manuscript to review the
most recent information with respect to the immune system
and alcoholic liver disease.

3. AUTOANTIBODIES AND ALCOHOLIC LIVER
DISEASE (ALD)

The onset of ALD has often been associated with
circulating antibodies and lymphocytes specific to hepatic
antigens (22,23).  Antibodies against acetaldehyde adducts
(24,25) and hydroxyethyl-free radicals (26) have been
implicated in ALD.  Recently, malondialdehyde and
acetaldehyde have been shown to react synergistically to
form a hapten named MAA (M alondialdehyde-
Acetaldehdye) (7).  The MAA hapten is significant because
the constituent aldehydes malondialdehyde (a product of
lipid peroxidation) and acetaldehyde (a product of alcohol
metabolism) are present during chronic ethanol
consumption and react with proteins to a greater extent than
either aldehyde alone, and at levels that are near proposed
physiologic levels (7).

Evidence for the relationship between the MAA
hapten, the immune system, and alcoholic liver disease has
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recently been described.  Specifically, circulating
antibodies against malondialdehyde-acetaldehyde (MAA)
haptenated proteins were found to be significantly
increased in patients with alcohol-induced cirrhosis and
hepatitis, and correlates well with the severity of liver
damage (8).  In this study, sera from 4 groups of patients
were tested against human serum albumin haptenated with
malondialdehyde-acetaldehyde (HSA-MAA) in: 1) 50
patients with ALD; 2) 40 patients with non alcoholic liver
disease (NALD); 3) 15 heavy drinkers (HD); and 4) 40
healthy individuals (8).  The mean optical density (O.D.)
for IgG binding to HSA-MAA was found to be: 0.42 (ALD
group); 0.18 (NALD group); 0.13 (HD group); and 0.09
(controls) (8).  Analysis of the ALD patient samples for
isotypes demonstrated that the predominate response to
HSA-MAA was IgG, although a weaker IgM response was
seen (8).  When comparing the Maddrey’s DF index
(indicating severity of liver damage) for ALD patient’s
with the amount of IgG antibody generated, there was a
higher anti-MAA titer as the amount of liver damage
increased (8).  Inhibition assays using hexyl-MAA (a
synthetic analogue of MAA) found that the IgG response to
HSA-MAA was inhibited by 52% in the ALD patients
while no inhibition was observed in NALD patients (8).
This indicates that antibody response was specific for the
MAA hapten and correlated with alcohol induced liver
damage.

3.1.  Haptens and (Auto)Immunity
 Malondialdehyde-acetaldehyde haptenated

proteins have been shown to be immunogenic
experimentally in animals without the use of adjuvants (9).
These antibodies were specific for the carrier protein at
relatively low levels, and for the MAA hapten as the
amount of protein immunized was increased (9).
Interestingly, when another model protein hen egg
lysozyme (HEL) was MAA haptenated, the only antibody
response induced was IgG1 specific for the carrier protein,
but not the hapten itself (27).  Taken together, MAA
haptenated proteins have the ability to induce immune
responses to; the hapten, the site where the hapten meets
the carrier protein, and the carrier protein.  Thus, the
response to the carrier proteins represents a potential
mechanism of autoantibody production wherein exogenous
proteins could result in the induction of an autoimmune
response.

 Dendritic cells have been proposed to play a
central role in inducing immune responses and have been
used experimentally as adjuvants themselves (28).
Recently, chemical haptens have been shown to induce
dendritic cell activation, upregulate cytokines, and co-
stimulatory molecules (29-33).  An example of this would
be how, 2, 4-dinitrochlorobenzene (DNCB), 2,4,6-
trinitrochlorobenzene (TNCB), 2, 4-dinitrofluorobenzene
(DNFB), NiCl2, MnCl2, CoCl2, SnCl2, and CdSO4 can
augment their expression of CD86 (B7-2) or HLA-DR (33).
MAA haptenated proteins have similarly shown an
upregulation on antigen presenting cells of the co-
stimulatory molecules B7-1 and B7-2.  Splenocytes
stimulated with 125 micrograms/ml of protein modified
with MAA increased B7-1 cell surface expression greater

than 4 fold and increased B7-2 expression greater than 2
fold in as little as three hours in vitro (34).  Additionally, it
appears that these MAA haptenated proteins bind to
scavenger receptors on these cells prior to the expression of
co-stimulatory molecules and may be one mechanism by
which these molecules are modulated (35).

3.2.  Haptens, Self tolerance, and Autoimmunity
When proteins are haptenated with maleylated

proteins, they are able to induce antibody responses
experimentally in a similar manner as has been reported to
MAA modified proteins (10,36,37).  In fact they have been
shown to break tolerance to self proteins in vivo
experimentally (36).  Other studies in our laboratory have
shown that MAA modification is able to break tolerance to
mouse serum albumin and mouse cytosol.  Interestingly,
the antibody responses were primarily to the carrier protein
as has been previously reported for exogenous proteins
modified with MAA (27).  Finally, both maleylated
proteins and MAA modified proteins appear to mediate
their immunogenicity through scavenger receptors
(10,36,37).

3.3.  Scavenger Receptors and Haptens
Scavenger receptors were first described in

macrophages as alternative receptors to the LDL receptor in
the uptake of excessive cholesterol, which leads to the
formation of foam cells (38).  Since this original
description, a broad array of ligands for several classes of
scavenger receptors have been described (38).  In general,
organic acid anhydrides, peroxides, and aldehydes (39)
result in the modification of positively charged lysine
residues in proteins rendering them highly negatively
charged making them ideal scavenger receptor ligands (40).

The binding of aldehyde modified proteins to
scavenger receptors has been described by a number of
investigators (39,41-44).  Receptors specifically
recognizing aldehyde modified proteins were first
described using formaldehyde modified albumin (F-alb)
(41).  The specificity of this receptor was demonstrated by
inhibiting the binding of albumin modified with a number
of other aldehydes (glycolaldehyde, DL-glyceraldehyde,
and propionaldehyde) (41).

The glycation of proteins is a complex series of
reactions between reducing sugars and amino groups of
proteins, resulting in many aldehydes and ketones being
formed such as alpha-ketoaldehydes (glyoxal, 3-
deoxyglucosone (3-DG), and glucosone) (45).  The
aldehyde methylglyoxal (MG), a glycolytic product,  is
produced from the autoxidation of sugars and glycation
(45).  These alpha-ketoaldehydes respresent highly reactive
intermediates in the glycation process and are responsible
for the formation of advanced glycation end products
(AGE) (45).  Experimentally, the binding of AGE modified
BSA has been shown to be inhibited with BSA modified
formaldehyde and glycoaldehyde, indicating specificity to a
scavenger receptor (43).  This inhibition shows the broad
range of binding the scavenger receptor has to aldehyde
modified proteins.  Many scavenger receptors have been
shown to recognize proteins modified with AGE including
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scavenger receptor Class A types I and II (46,47), and
Scavenger receptor B (Class I and CD36) (48).

Oxidized low density lipoprotein (ox-LDL) has
been shown to be an important mediator of atherosclerosis,
in which the immune system plays a key role (49) and is
formed by adduct formation between apolipoprotein and
reactive aldehydes such as 4-hydroxynonenal and
malondialdehyde (50,51).  Polyunsaturated fatty acids in
cholesterol esters, phospholipids, and triglycerides are
subject to free radical induced oxidation (lipid
peroxidation) which leads to the production of smaller
fragments 3-9 carbons in length including aldehydes such
as malondialdehyde and 4-hydroxyalkenals (45).  These
aldehyde haptenated proteins appear to generate a wide
variety of determinants that lead to cellular and humoral
immune responses in vivo (49,52,53).  Interestingly, MAA
modified proteins have been identified in areas of
atherosclerosis in samples where ox-LDL is certainly
present (54,55).  The mechanism by which these aldehyde
modified proteins become immunogenic has been reported
to be mediated through the scavenger receptor A in a
mouse model (11).  The exact pathway, however, as not
been clearly delineated.

Acetaldehyde modified proteins have also been
shown to bind scavenger receptors.  Rats perfused in situ
with I125-Alb modified with acetaldehyde demonstrated that
binding and degradation occurred in endothelial cells (56).
These findings paved the way for the characterization of
the physiologically relevant hybrid adduct
malondialdehyde-acetaldehyde adduct and its interaction
with the scavenger receptor.  Recent work in our laboratory
has shown that MAA-modified haptens become bound and
degraded by both activated peritoneal macrophage and liver
sinusoidal endothelial cells (SECs) (9,57,58).  Exposure of
MAA to activated peritoneal macrophages resulted in the
binding of 8.76 nanograms MAA-Alb/106 cells and
degradation of 14.26 micrograms MAA-Alb/106 cells.
However, when F-Alb was incubated with these cells
binding was 12.3 nanograms MAA-Alb/106 cells and
degradation was only 6.78 micrograms MAA-Alb/106 cells.
When 100 X cold F-Alb was used as a specific aldehyde
competitor for the binding and degradation of MAA, no
inhibition was observed, indicating that receptors on
peritoneal macrophage have different specificities or a
higher affinity for the MAA epitopes.  When LECs were
exposed to MAA, binding of 20.4 nanograms MAA-
Alb/106 cells and degradation of 9.52 micrograms MAA-
Alb/106 cells was observed (9,57,58).  Inhibition studies
were performed and both binding and degradation could be
inhibited with F-Alb and cold MAA-Alb indicating
specificity to a scavenger type receptor for aldehyde
modified proteins.  When the same experiments were done
with rats chronically fed alcohol, SEC degradation of
MAA-Alb was impaired by 40-60% (9,58), and this
impairment was found to be a result of a defect in the post
internalization step of the product, rather than in the
binding, internalization, or degradation.  While MAA
modified proteins appear to bind to immune cells (i.e.
macrophages), the affects upon these cells show; enhanced
binding, increased co-stimulatory effects, and increased

antigen presentation.  An increase in cell death also can
occur in a dose response manner, (at high doses) to any
protein haptenated with MAA.

4.  APOPTOSIS AND ALCOHOLIC LIVER DISEASE

Apoptosis plays a role in the liver which can be
attributed to four potential causes: 1) physiologic
maintenance; 2) toxic substances; 3) viral infections; and 4)
carcinoma (7).  Toxic substances such as ethanol,
acetaminophin, bile salts, cytostatic drugs, copper, and a
number of related toxins have been shown to cause
apoptosis and result in the initiation of various diseases
(59). In vitro studies have demonstrated that the addition of
as little as 50mM ethanol to cultured rat hepatocytes
increases the number of apoptotic cells (60).  This
apoptosis does not involve cytotoxic substances from
nonparenchymal cells such as TNF-alpha, nitric oxide, or
other cytokines (60).  Using 4-methylpyrazole (an alcohol
dehydrogenase inhibitor) and dimethylthiourea (a
membrane permeable hydrogen peroxide scavenger),
ethanol induced apoptosis was shown to be blocked (60)
suggesting that metabolism of ethanol by alcohol
dehydrogenase leads to an excessive build up of hydrogen
peroxides, resulting in oxidative stress to hepatocytes and
the formation of free radicals capable of cellular damage
(60).

Experimentally, apoptosis has been found in
models of alcoholic liver injury.  In ethanol fed rats, altered
hepatocytes (mitochondrial pleomorphism, increased
smooth endoplasmic reticulum and deposition of small
lipid droplets) and apoptotic bodies observed in the
parenchymal cell population have been observed (61).  In
mice exposed to ethanol vapors, a 57% increase in
apoptotic bodies in liver sections over control animals have
been observed, and when alcohol exposure was stopped the
number of apoptotic bodies decreased significantly
compared to controls (62).

Rats fed ethanol intragastrically have significant
liver damage including higher levels of apoptosis (63).  The
most significant levels of apoptosis correlated with liver
damage with concomitant ingestion of polyunsaturated
fatty acids in corn oil, fish oil, and ethanol (63).  These
polyunsaturated fatty acids induce lipid peroxidation,
which has been implicated in the production of peroxides,
free radicals, and malondialdehyde. As discussed below
these products have been shown to induce apoptosis and
necrosis (63).  Thus, alcohol induced liver disease, like
other liver disease, may be mediated in part by apoptotic
and necrotic cell processes.

5.  CELL DEATH AND AUTOIMMUNITY

5.1.  Apoptosis, necrosis, and immune responses
There are a number of mechanisms which

prevent apoptotic cells from becoming immunogenic
including : 1) NF-kappa B activation of apoptotic
molecules during inflamation; 2) the release of anti-
inflammatory products by phagocytes when apoptotic cells
are present; 3) normal phagocytosis by macrophages; and
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4) inflammatory mediators affecting the efficiency of the
phagocytosis of apoptotic cells.  The breakdown of any of
these defense mechanisms may result in the emergence of
an autoimmune response (64,65). This has been
demonstrated experimentally by the ability of dendritic
cells to process and present particles of the apoptotic cell in
MHC Class I and II to T-cells (65).

The immunogenicity of apoptotic cells has been
reported using influenza as a model (66).  Using dendritic
cells (DCs) co-cultured with influenza infected human
monocytes, it has been demonstrated that infected
monocytes are recognized by the DCs, processed and
presented in MHC Class I to T-cells, thereby inducing a T
cytotoxic (CTL) response (66).  Dendritic cells
phagocytose apoptotic cells by the scavenger receptor
CD36, alpha V beta 5, and a phosphatidylserine receptor
(66).  After DCs bind apoptotic cells, they enter the
endocytic pathway where antigens are loaded onto MHC
Class II in a regulated manner within non-lysosomal, late
endosomal compartments (67).  This may be where
peptides are loaded onto MHC Class I molecules, or
another “phagosome-cytosol” pathway where apoptotic
cells enter the cytosol and are processed by the endogenous
MHC Class I pathway (68).

Necrosis results in the leakage of cellular
contents as a result of exposure to stressful stimuli
including environmental factors (toxic substances) and
infections.  The release of cellular contents, such as heat
shock proteins (HSP), has been shown to result in the
infiltration of inflammatory cells (69).  It has been
demonstrated that HSPs released after infections are related
to autoimmune disease (70).  The maturation of dendritic
cells, the main antigen presenting cell in inducing primary
responses, by HSP proteins has been demonstrated (25).
Immature dendritic cells exposed to cell lysates with hsp70
demonstrated a 4 fold increase in uptake of cell lysates over
cell lysates without hsp70 (25).  Additionally, MHC class I
and class II expression was increased in dendritic cells
when cell lysates were given in the presence of hsp70 (25).
The activation of dendritic cells by this intracellular protein
may allow dendritic cells to enhance their capacity to
capture antigen at times when large amounts of tumor
antigen or cell debris are present.  Another study has
demonstrated that necrotic, but not apoptotic cells release
these heat shock proteins and deliver maturation signals
which activate the NF-kappa B pathway (71).  HSPs such
as gp96, calreticulin, hsp90 and hsp70 increase the levels of
TNF-alpha, IL-12, IL-1beta  and may represent conserved
molecules (bacteria to mammals) that activate the adaptive
immune system in vivo (71).

The cross-presentation of antigen (exogenous
antigen presented in MHC Class I) acquired from dying
cells has been demonstrated in immature dendritic cells
(72).  The expression of CD83, DC-LAMP (a maturation-
associate markers), CD86 (co-stimulatory markers), and
class I and II increased after exposure to necrotic human
tumor cell lines (72).  The release of a molecule in the
supernatant (most likely TNF-alpha or IL-1beta) was
implicated in the maturation of DCs and subsequent

proliferation of CD8+ T cells (72).  It is in this way that
necrotic cells might induce high levels of mRNA for heat
shock proteins that target antigens to immature DCs
(25,73,74).  The potential then exists for HSP bound self
peptide(s) to be released from a cell, be taken up by a DC,
mature, and present this peptide in MHC Class I with the
appropriate co-stimulatory signals to T-cells, resulting in an
autoimmune disease.

5.2.  Acetaldehyde, Malondialdehyde, 4-
Hydroxynonenal (4-HNE), and Cell death

A number of studies have implicated proteins
haptenated with aldehydes associated with alcohol
consumption (acetaldehyde) and lipid peroxidation
(malondialdehyde and 4-HNE) in the induction of cell
death (apoptosis and necrosis) in several cell types such as
lymphocytes, macrophage/monocytes, and hepatic cells
(75-78).  Wickramasinghe and colleagues have reported
that cytotoxic proteins are generated in the serum of
healthy volunteers consuming ethanol and can be mimicked
by acetaldehyde haptenated serum proteins, mainly
albumin (79-81).  Additionally, it has been shown that
macrophage have the ability to form acetaldehyde haptens
when exposed to ethanol and therefore produce cytotoxic
serum proteins (76-78,82-87), implicating a role of
macrophage in potentiating cytotoxicity.  In other studies it
has been shown that acetaldehyde haptenated proteins have
the ability to inhibit IL-2 secretion in Con A stimulated
murine splenocytes (88,89), which indicates that these
haptens might be able to inhibit the proliferation of T cells
in vivo.  Damage and hapten formation mediated by 4-HNE
has been correlated in murine alveolar macrophage and
other cells found in the lung (90,91).  The cytotoxicity and
inhibition of proliferation of malondialdehyde adducts has
currently been unreported.

5.3.  Oxidized LDL
Oxidized low density lipoprotein (ox-LDL) has

been shown to be an important mediator of atherosclerosis
and is characterized by adduct formation between
apolipoprotein and reactive aldehydes such as 4-
hydroxynonenal and malondialdehyde, which are products
of lipid peroxidation (50,51).  The distinct recognition of
ox-LDL has been determined to be complex because it is a
heterogeneous ligand.  Pyrrole adducts on ox-LDL are
recognized by scavenger receptor A (SR-A) and CD36
while the pyridinium adducts on ox-LDL are recognized by
CD36 but not SR-A.  Oxidized LDL exposure leads to
apoptosis (92,93) mediated by partial lysosomal rupture
(93).  Normal content of lysosomal iron may play an
important role in oxLDL-induced cell damage, presumably
by catalyzing intralysosomal fragmentation of lipid
peroxides and the formation of toxic aldehydes and
oxygen-centered radicals (93).

5.4.  MAA Haptenated Proteins
Malondialdehyde-acetaldehyde (MAA)

haptenated proteins have been shown to induce a dose
dependent cell death in antigen presenting cells,
lymphocytes, and hepatocytes in vitro (13,14,94).  The
exposure of splenocytes to MAA haptenated protein
demonstrated significant levels of necrosis compared to
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controls in as little as 5 hours of exposure (13).  DNA
degradation in T cell and B cells demonstrated that
apoptosis occurred after 24 hours at relatively lower doses
of MAA haptenated protein as demonstrated by the JAM
test, TUNNEL assays, and DNA ladders (13).  These data
demonstrate that lower levels of HEL-MAA incubated for
shorter time points will cause cells to undergo apoptosis,
however increases in concentration or longer incubation
times will cause cells to undergo necrosis.

5.5.  Scavenger Receptors and Cell Death
Scavenger receptors have the ability to bind and

internalize proteins with a modification of their positively
charged amino acids to form clusters of negative charges
which then act as ligands.  There have been many functions
found for these receptors such as a role in antigen
processing and presentation and subsequent
immunogenicity (11).  Other functions include the uptake
of apoptotic cells (36,65,80,81,95-97).  Experimentally,
Class A scavenger receptors on macrophages (thymic and
peritoneal) have been shown to bind apoptotic thymocytes
(36).  Furthermore, macropahges from SR-A deficient mice
had a reduction of uptake of apoptotic cells (50%),
indicating involvement of multiple scavenger receptor
types (36).

The scavenger receptor Class B has also been
shown to take up apoptotic cells.  Chinese hamster ovary
cells transfected with the SRB-1 receptor on their surface
are involved in the binding of apoptotic cells by
phosphatidylserine (PS) found on the lipid membrane (80).
These data demonstrate that SRB-1 is involved in the
binding of PS, which is a common tag on apoptotic cells
(80).  Another SRB receptor, CD36,  has also been shown
to bind and take up apoptotic cells by PS on the cell
membrane (98).  In studies involving CD36 transfected
cells, a significant increase in the uptake of apoptotic
neutophils, lymphocytes, and fibroblasts was observed
(98).  Additionally, CD36 has been shown to play a role in
human peripheral macrophage which act as a cofactor for
phagocytosis using the phosphatidylserine moieties of the
apoptotic membrane (99).  These studies indicate that
CD36 is only partially responsible for the binding of
apoptotic cells, as a blocking antibody against CD36 could
not completely inhibit their binding (99).

6.  ALCOHOLISM: IMMUNE SUPPRESSION AND
AUTOIMMUNITY

There are several lines of evidence that alcohol
abuse suppresses the immune system including increases in
pneumonia, tuberculosis, HIV, and hepatitis C in chronic
alcoholics as recently reviewed (100).  Alcoholics have an
increased susceptibility to pneumonia and septicemia than
non-alcoholic individuals (101,102).  Infection with
tuberculosis is also higher in alcoholic individuals, with
rates as high as 15 to 200 times more than control
individuals (103).  The severity of HIV infection among
alcoholics as been complex and some groups have reported
abnormalities in T-cell subsets particularly an increase in
CD8 + T cells (104).  Hepatitis C infection is also more
prevalent in individuals who are alcoholics.

However, there exists a dichotomous view to the
role of the immune system in ALD.  This is due to
observations that alcoholics have been shown to be
immunosuppressed (increased infections), yet they have
also been shown to have elevated immunoglobulin levels,
altered T-cell subsets, persistent activation of immune cells,
and increased levels of cytokines (100).  Elevated IgA
levels in patients with ALD are observed and have been
associated with immune complexes, which become
deposited in the skin, liver, and kidney tissues (105).
Patients with ALD have autoantibodies to lymphocytes,
brain, DNA, serum lipoproteins, and various liver proteins
are observed, again indicating many autoimmune
phenomena as a result of alcohol consumption
(23,80,106,107).  Thus, it appears further investigation will
be required to determine why autoimmune-like aspects
occur in a setting of immunosuppression.  One possible
suggestion is that acute ethanol ingestion results in
immunosuppression, but as the alcohol is metabolized the
immune response begins to  “rebound” resulting in an
enhanced autoimmune response to altered self proteins.

7.  DISCUSSION

The mechanisms underlying alcohol induced
liver disease (ALD) are not clear and several clinical
features of ALD suggest that autoimmune effector
mechanism(s) may be contributing to this damage (23,106-
108).  Recently, circulating antibodies against
Malondialdehyde-Acetaldehyde (MAA) haptenated
proteins have been shown to be increased in patients with
alcohol induced cirrhosis and hepatitis, associated with the
severity of liver disease, and has been proposed as a
mechanism by which self liver proteins are made
immunogenic (8).  The hypothesis that MAA haptenated
self proteins are involved in the induction and/or
progression of ALD is a hypothesis that brings together
clincial and experimental evidence of autoimmunity,
toxicity, and lipid peroxidation.

Haptens, including MAA, have been shown to
induce immune responses experimentally in animals, (9)
and make self proteins immunogenic without the use of
adjuvants (36).  Several mechanisms have been implicated
in this immunogenicity and include: 1) Increase in co-
stimulatory molecules on key antigen presenting cells; 2)
Increased receptor mediated uptake by antigen presenting
cells; and, 3) Increased cell death by apoptosis and/or
necrosis.  The upregulation of co-stimulatory molecules
(B7) and activation/maturation of DCs (including the
upregulation of cytokine production) has been shown to
occur in response to chemical haptens (including MAA)
(29-33).  Thus taken together, it appears that chemical
haptens may act to initiate immunity in similar ways as
traditional adjuvants.

MAA haptenated proteins have been shown to be
taken up by scavenger receptors (9,57) in a similar fashion
as other haptens by antigen presenting cells (10,11,36,37).
The blocking of scavenger receptor families has
demonstrated a decrease or modification in the resulting
immune response, indicating a pivotal role that these
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receptors may play in the immunogenicity induced by
haptenated proteins (10,11,109).

Many cell types undergo apoptosis when exposed
to lower levels of MAA haptenated proteins incubated for
short time periods (13).  Increases in necrosis occur when
the concentration of the MAA hapten or the incubation
time is increased (13).  In addition to malondialdehyde-
acetaldehyde (MAA) haptenated proteins, acetaldehyde
(75-78), ox-LDL (93), and 4-HNE (90,91) have been
shown to induce cell death (dose dependent apoptosis and
necrosis) and induce immune responses.  These findings
are interesting as hepatitis B and autoimmune hepatitis
have been shown to be mediated by apoptosis (59) and
ethanol consumption (of which MAA is a product) has
been shown to induce apoptosis in vivo (60).  Additionally
in influenza models of immunogenicity, it has been
demonstrated that apoptotic cells are taken up by DCs,
processed and presented in the MHC Class I pathway, and
the lack of apoptosis negates effective immune responses
(66).  Cellular fragments from necrotic cells have also been
shown to present peptides in MHC Class II (110).  The
release of heat shock proteins during necrosis has been
shown to; correlate with autoimmune disease (69), increase
the amount of cytokines released (111), be related to their
immunogenicity in vivo (112), and induce the maturation
of dendritic cells (25).  The cross-presentation of antigens
acquired from dying cells has been demonstrated in
immature dendritic cells, inducing co-stimulatory, MHC
Class I/II, and cytokine expressions (73).  The potential
then exists for HSP bound self peptides to activate dendritic
cells to initiate an immune response.  Lastly, MAA
haptenated proteins appear to cause lysosomal integrity to
be compromised, causing exogenous antigens to be
released into the cytoplasm of antigen presenting cells (13)
and into the Class I pathway.

Several studies have demonstrated that scavenger
receptors bind haptenated proteins and are related to their
immunogenicity (10) as has been demonstrated with ox-
LDL (11).  The role that cell death plays in ox-LDL and its
immunogenicity has not been investigated to this point.
We propose two mechanisms by which MAA modified
proteins are immunogenic: 1) They are taken up by antigen
presenting cells (dendritic cells) by their scavenger
receptors, inducing maturation, and the up-regulation of co-
stimulatory molecules which initiate immune responses;
and 2) MAA modified proteins may cause cell death in
vivo leading to increased uptake of liver self proteins by
scavenger receptors.  We propose that this is not a common
occurrence as normal regulatory mechanisms that remove
apoptotic and/or necrotic cells must be overcome and that
may be why ALD is not common among alcoholics.

Although antibody titers to aldehyde haptenated
proteins correlate with ALD in humans, these patients
demonstrate immune suppression.  This duality of alcoholic
liver disease has been noted by several reviewers
(2,22,100,113).  Certainly other co-factors; such as viral
infections (hepatitis C) and hepatic toxins play an important
role in the initiation and/or progression of ALD.  However,
the potential roles of aldehyde-modified proteins,
scavenger receptors, and apoptosis in the breaking of self

tolerance (autoimmunity) are becoming more evident as
potential mechanism(s) involved in the development and/or
progression of ALD.
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