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Abstract
This review will focus on the prevalence of hepatitis c virus (HCV) infection in alcoholics with and
without liver disease. Evidence will be presented to demonstrate that ethanol and chronic HCV
infection synergistically accelerate liver injury. Some of the major postulated mechanisms
responsible for disease progression include high rates of apoptosis, lipid peroxidation, and generation
of free radicals and reactive oxygen species with reduced antioxidant capacity of the liver.
Acquisition and persistence of HCV infection may be due to the adverse effects of ethanol on humoral
and cellular immune responses to HCV. Dendritic cells (DC) appear to be one of the major targets
for ethanol’s action and DC dysfunction impairs the ability of the host to generate viral specific
cluster of differentiation 4 (CD4+) and cluster of differentiation 8 (CD8+) immune responses. There
is a relationship between increased alcohol intake and decreased response to interferon (IFN) therapy,
which may be reversed by abstinence. Clinical studies are needed to optimize treatment responses
in alcoholic patients with chronic HCV infection.
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Chronic hepatitis C virus (HCV) infection is a major cause of liver disease, cirrhosis, and
hepatocellular carcinoma (HCC) in alcoholics.1 Since chronic ethanol abuse in the setting of
persistent HCV infection accelerates the progression of liver disease, we will focus on several
pathogenic mechanisms of how acute and chronic liver injury is produced by both alcohol and
HCV infection. The critical role of the host cellular immune response will be addressed
including clinical and pre-clinical studies that document alcohol suppressive effects on
generation of viral specific cluster of differentiation 4 (CD4+) and cluster of differentiation 8
(CD8+) immune responses required for HCV elimination from the liver. It appears that
dendritic cells (DCs) are a critical cellular target of alcohol, and acute and chronic exposure
substantially inhibits the ability of these cells to function as antigen-presenting cells. Because
alcohol has effects on interferon- (IFN-) generated signal transduction pathways that modulate
immune responses, patients suffering from alcoholism may have suboptimal therapeutic
responses to antiviral agents. Reduced efficacy of treatment may also be related to HCV RNA
titers, extent of liver fibrosis, increased hepatic fat deposition, and decreased cellular immunity.

EPIDEMIOLOGY
Studies on the prevalence of HCV were made possible in 1989 by discovery of the virus and
subsequent generation of anti-HCV markers.2 The first generation enzyme-linked
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immunoabsorbance (EIA1) assay utilized antibodies against antigen C-100 derived from the
nonstructural protein 4 (NS4).3 The earliest epidemiologic studies using EIA1 for screening
showed increased HCV seropositivity rates of 2.3 to 76% in alcholic patients.4–13

Subsequently, a second screening immunoabsorbance test detecting antibodies to recombinant
antigens from the core (C22) and nonstructural regions 3 (C33) and 4 (C100) of the HCV was
developed in 1992 and was shown to be more specific compared with the EIA1 assay.3 It is
conceivable that early studies using the less-specific EIA led to falsely inflated rates of HCV
in alcoholic patients; however, further studies utilizing EIA2 as the substrate also produced
comparable results of HCV in alcoholic patients of 1,2 to 55%.14–21 A third-generation anti-
HCV assay was later developed. (EIA), containing reconfigured core and nonstructural (NS3)
proteins, and addition of the NS5 antigen was shown to be superior in sensitivity and specificity
as compared with prior anti-HCV assays.22 Several prevalence studies using EIA3, however,
continued to reveal high association rates between alcohol abuse and chronic HCV infection
of 4.4 to 31.2%.23–27

Taken together, the majority of studies have shown that alcoholics have an increased prevalence
of HCV as compared with nonalcoholics either within the study or as compared with the global
prevalence of 2.2%.28 The reason for this statistical association has not been elucidated;
moreover, many chronic alcoholics have been shown to be polysubstance abusers with parental
risk factors, increasing their chance for exposure and development of chronic HCV infection.
24 Furthermore, there have been conflicting studies that show the increased prevalence of HCV
in alcoholics is related to history of intravenous drug use (IVDU). Nyamathi et al controlled
for patients without history of IVDU and showed prevalence of HCV in homeless alcoholics
and nonalcoholics to be 19.4% and 9.4%, respectively.29 Rosman et al also compared anti-
HCV positive rates among non-IV drug users in 87 alcoholic patients undergoing
detoxification, 33 alcoholic and 77 nonalcoholic patients and revealed positive rates of 10.3,
3.0, 0%, respectively.18 These investigations suggest the presence of unidentified transmission
associated factors among alcoholics that increase their risks for HCV. Finally, there is a direct
relationship between chronic HCV infection and liver disease severity in alcoholics. As shown
in Fig. 1, alcoholics without liver disease in several studies have HCV prevalence rates of 1.1
to 10%, whereas those with cirrhosis have rates of 10.5 to 44.4% and in HCC it varies from
12.5 to 100% depending on the series. This epidemiologic pattern is suggestive of a synergistic
effect between alcohol and HCV in liver disease progression.

However, it is important to weigh the effects of selection bias in considering the increased rate
of HCV in alcoholics. Most studies have been performed with inpatient or detoxifying alcoholic
populations, who presumably have higher rates of HCV, because of complications arising from
advanced liver disease or comorbidities arising from such diseases. Few outpatient or general
population studies, on the other hand, have revealed comparably low rates of HCV ranging
from 1.2 to 4.4%.15,18,19,23 Indeed, Chang et al conducted a study of general outpatient
Taiwanese population showing no association with alcoholism and HCV rates.15 The
observation that inpatient or detoxifying alcoholics have much higher rates of chronic HCV
infection may be explained, in part, by the inpatient setting where presentation with advanced
liver disease (as can be accelerated by HCV coinfection) and/or complications from liver
disease is more common. The gold standard at present is measurement of HCV ribonucleic
acid (RNA) in serum by real-time reverse transcriptase-polymerase chain reaction (RT-PCR),
which has a sensitivity of ~50 viral copies/mL. Therefore, prevalence rates in alcoholic
populations should be revisited using ultra-sensitive assays for viral detection in blood.

PATHOGENESIS
Although alcohol and HCV are both independent risk factors for hepatocytic damage with
different histologic and gene expression patterns,30,31 there is substantial evidence to show
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that the two effectors combine synergistically to damage the liver. Alcoholics with HCV have
been observed to have faster rates of fibrosis progression with more rapid and frequent
occurrence of cirrhosis compared with nondrinkers.32 In an attempt to clarify this phenomenon,
Hutchinson et al performed a meta-analysis of 20 studies involving > 15,000 patients
demonstrating that heavy drinking (210 to 560 g/wk) increased the risk of advanced fibrosis,
cirrhosis, and decompensated cirrhosis.33 Wiley et al compared and measured liver fibrosis
progression between 90 HCV-positive alcoholics and 86 HCV-positive nonalcoholics and
revealed that the first group progressed one fibrosis score every 7 years as compared with 1
score per 14 years, respectively.34 The synergistic or additive effects and mechanisms by which
alcohol worsens HCV-related liver disease have not been clarified, but impairment of immune
response, enhanced viral replication, increased oxidative stress, and hepatocyte cytotoxicity
have been postulated as major factors in liver disease progression. A representative example
of the type of liver disease often observed in chronic HCV-infected individuals with alcohol-
induced hepatic injury is depicted in Fig. 2. This liver biopsy shows histologic evidence of
injury by both agents as characterized by periportal infiltration of lymphocytes, micro- and
macrosteatosis, lobular disarray, cell drop out, presence of acute inflammatory cells, and
fibrosis.

Upregulated programmed cell death pathways (apoptosis) has been described in HCV-infected
hepatocytes.35,36 It is generally believed that enhanced apoptosis is not a direct cytotoxic effect
of HCV, but rather due to the host’s immune response required for viral clearance.35,36

Apoptosis is mediated through cytotoxic T lymphocytes and natural killer cells, and cell death
is performed with the help of caspases. Bcl-2 protein, a proto-oncogene located on chromosome
18, is known to suppress apoptosis by preventing activation of these caspases36 and appears
to be underexpressed in HCV-infected hepatocytes.37 There has been evidence to show that
alcohol exposure to HCV-infected hepatocytes synergistically enhances apoptosis. In one study
of 20 HCV-infected patients with variable alcohol use, higher levels of apoptosis were seen in
liver tissue of HCV patients consuming) ≥ 30 g/d versus those consuming < 10 g/d.38 In this
study, heavy alcohol intake was associated with the highest rates of apoptosis with undetectable
levels of Bcl-2 protein in hepatocytes.38 The authors concluded that alcohol further
downregulated Bcl-2 expression, causing increased apoptosis and more severe liver injury.

Lipid peroxidation, with release of free radicals and reactive oxygen species (ROS), and
attenuation of antioxidative defense mechanisms (namely, depletion of hepatic glutathione)
contributes to the progression of both ALD39 and HCV infection independently40 and
additively.22,41 In HCV-induced oxidative stress, the main viral molecule that has been
implicated in these effects is the core protein, which is a key structural component of the
nucleocapsid.40 The HCV core protein binds to the mitochondrial outer membrane at the
junction with the endoplasmic reticulum to facilitate influx of calcium into the mitochondrial
matrix, stimulating electron transport and a subsequent increase in the generation of ROS.42

When this process exceeds the antioxidant capacity of the hepatocyte, there is depletion of
glutathione (GSH) and accumulation of glutathione disulfide.

In ethanol-induced oxidative injury, cytochrome P450 2E1 (CYP2E1) has been implicated in
the increased production of ROS and enhanced GSH oxidation, which ultimately results in
mitochondrial injury.42 Alcohol dehydrogenase and CYP2E1-dependent metabolism of
alcohol both produce a stable product of acetaldehyde; however, CYP2E1 does so through a
separate pathway using oxygen to metabolize alcohol. In this catabolic pathway of alcohol
metabolism, electron transfer from alcohol to oxygen bound to heme groups can essentially
form superoxide molecules that may be released in the process. As a result of generating ROS,
CYP2E1 also can indirectly catalyze the formation of a free radical species from ethanol itself
[1-(hydroxyethyl)], which further contributes to oxidative damage.43 In addition, CYP2E1
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appears to be substantially “uncoupled” compared with other P450s, meaning that it generates
ROS and oxidative stress far more readily than other enzymes of this family.

Given the separate pathways that result in a common outcome of oxidative stress, the potential
for additive or synergistic effects by these two hepatotoxic insults should be recognized. There
has been accumulating evidence to support the oxidative stress theory of alcohol and HCV
synergism with respect to adverse effects on the liver. In one study, alcohol markedly increased
the phosphatidylcholine hydroperoxides (PCOOH) level in HCV transgenic mice, suggesting
synergism between alcohol and HCV in promoting hepatocarcinogenesis. Compared with
nontransgenic controls mice fed a 5% ethanol diet for 3 weeks demonstrated a small increase
in PCOOH levels. However, alcohol consuming HCV transgenic mice exhibited a 2-fold
increase in PCOOH levels compared with nontransgenic controls fed the same 5% ethanol diet
or transgenic mice not fed an ethanol diet.44

Other studies reveal that HCV core-transgenic mice fed alcohol-containing diets displayed
preferential activation of extracellular regulated kinase (ERK) and p38 mitogen activated
protein kinase (MAPK) – both of which have been shown to be important components related
to increased oxidative stress.45 In addition, the three most attenuated genes found in this study
– metallothionein, glutathione S-transferase- (GST-) M1B, and GST-P1 – are known to be
potent oxygen radical scavengers and detoxification enzymes involved in conjugation of GSH,
respectively.45 Otani et al found that mitochondrial ROS production is induced by HCV core
and CYP2E1, resulting in a reduction of mitochondrial antioxidant capacity and sensitivity to
oxidants and tumor necrosis factor-α (TNFα). Alcohol further depletes mitochondrial reduced
GSH, which promotes depolarization and cell death. Sensitization of mitochondria to oxidative
insults is thus a potential mechanism for alcohol-related exacerbation of liver injury in persons
with chronic HCV.46 There is in vivo evidence of increased oxidative stress as the mechanism
of synergy between alcohol and HCV in advanced liver damage. One study found that the risk
of developing oxidative stress during chronic HCV infection was increased 3-fold by moderate
and 13- to 24-fold by heavy alcohol consumption, and was associated with increased piecemeal
necrosis and fibrosis among chronic alcoholics in comparision to abstainers.41 Similarly, a
recent investigation by Castellano-Higuera et al revealed more in vivo evidence of oxidative
damage synergism between alcohol and HCV. It was found that malondialdehyde (MDA – a
product of lipid peroxidation) levels and glutathione peroxidase activity were both increased,
further supporting the role of oxidative damage to the liver with alcoholism and chronic HCV
infection.47 Thus, there are multiple molecular mechanisms involved in the acute and chronic
liver injury produced by persistent HCV infection in the context of chronic alcohol abuse.

IMMUNE RESPONSE
Although it has been established that chronic alcoholics have a high incidence of HCV
infection, 1,48 the reasons for these high rates are unknown but may partially relate to the effects
of alcohol on the humoral and cellular immune responses to viral structural and nonstructural
proteins. To test this hypothesis in an animal model system, HCV core DNA constructs were
generated to access viral specific antibody and cellular immune responses following genetic
immunization. 49–52 Transient expression of HCV proteins encoded by plasmids in muscle
cells or fibroblasts followed by activation of DCs at the site of immunization or in adjacent
draining lymph nodes seemed to the most probable mechanism for induction of antiviral
immune responses. However, chronic alcohol feeding had a profound inhibitory effect on
cellular immune responses such as the generation of antigen specific CD4+ and CD8+ T cell
activity using HCV core as the immunogen. The inhibitory effect of alcohol could be partially
or completely compensated by coimmunization with an interleukin-2 or granulocyte
macrophage colony-stimulating factor (GM-CSF) expression plasmid, respectively. These
experiments reveal that DNA-based immunization was enhanced by cytokine production at
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the site of antigen presentation and that antigen presenting cells (APCs) may be a cellular target
during chronic alcohol consumption.49,53–55

Such investigations were extended to HCV nonstructural proteins such as NS5: human data
suggests that CD4+ and CD8+ T cell activity directed against epitopes that reside on
nonstructural proteins are important in viral clearance during the natural resolution of HCV
infection.56 It has been observed that immunization with an NS5 gene-containing DNA induced
a brisk antibody response, promoted CD4+ T cell proliferation and Th1 cytokine release, and
generated cytotoxic T lymphocyte (CTL) activity.49 More important, there was substantial
inhibition of NS5 specific CD4+ and CD8+ T cell activity that was only partially restored
followed cessation of chronic alcohol consumption.53 Because alcohol’s suppressive effect on
CTL activity was reversed by coimmunization with a plasmid encoding for GM-CSF, it has
been hypothesized that one major effect of alcohol on antiviral immune responses might be at
the level of antigen presentation. These studies reveal that DCs differentiated in vivo in the
context of chronic alcohol feeding have intrinsic functional defects, which may explain, in
large part, the depressed CTL activity previously observed after DNA-based immunization
using HCV core and NS5 as the immunogens.49,53,57–59

There is substantial evidence that heavy alcohol consumption has other adverse effects on the
immune system.60–68 For example, there are reduced CD4+ T cell proliferative responses as
well as alterations in delayed hypersensitivity reactions.69–71 These abnormalities have been
associated with an increased incidence of viral and bacterial infections.34,60,72 Only recently
has there been evidence that chronic alcohol exposure affects human monocytes and monocyte-
derived DCs.73–75 The molecular mechanisms of how alcohol cause an immune-compromised
state is poorly understood and is of considerable clinical importance because microbial
infections are a major medical problem in alcoholics. Even less is known regarding the
alteration in cellular immune responses that may predispose to persistent HCV infection in
alcoholics. The interplay of alcohol, HCV, and the host immune response has only recently
been investigated in animal models.52,53 There are multiple effects of alcohol on modulation
of the humoral and cellular immune responses that involve the activities of neutrophils,
monocytes, and lymphocytes.68

In this regard, DCs play a crucial role in generating immune responses to viral proteins.
Dendritic cells are highly specialized APCs. They are characterized by their ability to take up,
process, and present antigen to effector T cells. DCs act at the interface of innate and adaptive
immune response. According to the environmental circumstances, they can function
diametrically. They either elicit an adaptive immune response or a tolerogenic reaction to the
antigen they present. For the successful initiation of an adaptive immune response, DCs need
to express costimulatory molecules on their surface.76,77 Their upregulation is mediated by
several factors such as toll-like receptor-ligand interactions or binding to CD40 by the CD40
ligand. Through the latter, the interaction of DCs and T cells is sustained and the antigen
presentation efficiency increased. 78 The capability of DCs to elicit robust immune responses
makes them appealing for immune-modulatory strategies. Beyond numerous approaches in
laboratory-based studies, several clinical trials have been conducted in which DCs were used
as carriers for tumor associated proteins, particularly in cancer therapies.79–81 Indeed, DC-
based immunization was recently shown to be a suitable approach to elicit sustained immune
responses to HCV proteins.82,83 Like all phagocytic cells, DCs are equipped with antigen
uptake mediating receptors, including members of the C-type lectin receptors. The phagocytic
process is initiated through the calcium-dependent binding of C-type lectins to carbohydrate-
bearing pathogen-derived antigens using highly conserved corbohydrate recognition domains.
Some of these receptors appear ubiquitously on phagocytic cells, such as macrophages,
monocytes, B-lymphocytes, neutrophils, and DCs.84
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There are three major DC populations in mice: myeloid (CD11c+, CD11b+), lymphoid (CD11c
+, CD8+), and plasmacytoid (CD11c+, B220+).85,86 Although there is considerable debate
regarding the function of each subpopulation, it appears that myeloid DCs are more often
implicated in the generation of Th2 responses, where lymphoid and plasmacytoid DCs are
likely to direct the immune response toward a Th1-type activity necessary for viral clearance
of infected cells87 as shown in Fig. 3. One emerging hypothesis is that altered DC functions is
one of the major immunologic changes produced by alcohol and there may be differential
effects on DC subpopulations, which subsequently impairs the cellular immune response
necessary for viral clearance.42,57,73,88–91 Therefore, it would be of interest to develop and
implement strategies in animal models that increase the ability of the alcohol-consuming host
to generate better antiviral responses.

To understand alcohol’s effects on the immune response to HCV, it is necessary to take
advantage of the knowledge gained from previous clinical studies on the adaptive host response
to acute HCV infection. Clearance of HCV is associated with an early, multi- specific, strong
CD8+ cell immunity that is matched by a vigorous and sustained CD4+ T cell proliferation
response to multiple structural and nonstructural viral proteins.92–94 Activated T-cells secrete
proinflammatory cytokines (Th1-type) such as interferon γ (IFN-γ) coinciding with large
reductions in viral load during acute infection94 and paralleled by direct antiviral activity for
HCV replicons in culture.95 Importantly, the accumulation of IFN-γ secreting CD4+ and CD8
+ cells occurs in the liver.96 HCV infections that are successfully controlled result in memory
populations.97 This observation is supported by a substantially lower rate of HCV persistance
in reexposed humans with a history of acute resolving HCV.98 Rechallenge experiments in
chimpanzees showed that antibody-mediated depletion of CD4+ T-cells resulted in HCV
persistence in contrast to marked reduction in duration and peak of viremia found in nontreated
animals.99,100 The importance of CD4+ T-cells in further emphasized by the loss of immune
protection correlating with low CD4+ positive counts, against reexposure to HCV by
intravenous drug abusers who had recovered from HCV, but subsequently acquired an human
immunodeficiency virus (HIV) infection.98 Whether recovery from acute HCV coincides
ultimately with virus eradication is still a matter of debate.101 Disappearance of HCV-specific
antibodies in some individuals 10 to 20 years after viral clearance indicates that a subgroup of
patients achieves final virus elimination.102 Persistent HCV infection correlates with defects
in the effector level of adaptive immunity, with permanent loss of HCV-specific T-cell
proliferation during acute HCV and functional exhaustion of an initially vigorous response,
such as the inability of effector T cells to migrate into the infected liver.82,92,93,96,103,104

Insufficient CD4+ T-cell activity appears to be a key event leading to chronic HCV infection
because failure to sustain the CD4+ helper response renders virus-specific CD8+ T-cells
inadequate (e.g., loss of cytotoxicity and IFN-γ production) contributing to persistent viremia.
104

The central concept of altered DC function as a key mechanism for impaired antiviral immune
responses generated by chronic alcohol consumption has gained considerable experimental
support. Access to sufficient quantities of mature DCs is a critical issue as only these cells are
capable of targeting the antigen and inducing cellular immunity rather than tolerance. It is now
possible to generate large numbers of DCs in vivo.57,83 These, in turn, may be enriched in vitro
by phagocytosis of magnetic microparticles and separated in a magnetic field. By inoculating
mice with microbeads coated with the nonstructural HCV antigen NS5 and compounds known
to induce DC maturation, significant levels of cellular and humoral immunity of the type
required for resolution of this viral infection are elicited. The attractive elements of this
approach reside in the combined enrichment, maturation, and antigen targeting of DCs in a
single step, thus avoiding elaborate culturing conditions that influence the generation of cellular
phenotypes in vitro.57,105
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Murine models have been employed to study the effects of chronic alcohol consumption on
DC function generated in vivo under controlled conditions. This approach allowed
investigation of alcohol’s effect on DCs with respect to cell surface markers, cytokine profiles,
antigen presentation ability, and endocytosis capacity. Furthermore, the subsequent role of DC
dys-function in the generation of CTL immune responses has been evaluated following genetic
immunization with a plasmid expressing NS5 protein by using adoptive transfer of syngeneic
DCs. In vivo generation of DCs combined with syngeneic DC transfer and DNA-based
immunization, revealed that alcohol-induced dysfunction of DCs adversely impacts the host
response to HCV.57 This finding may have relevance to persistent HCV infection in alcoholics
Thus, DCs represent one of the major cellular targets in the immune system for chronic alcohol
effects and impair the generation of CD8+, CTL, and CD4+ proliferative activity’ to viral
structural and nonstructural proteins that may be required for viral resolution.57,74,75,83,106

Such preclinical investigations open avenues to enhance antiviral immune responses in the
setting of chronic alcohol consumption by improving DC function.

THERAPY
The mechanism by which alcohol exacerbates liver damage caused by HCV infection remains
incompletely understood Numerous studies have demonstrated that alcohol consumption in
varied quantities can enhance viral replication, increase oxidative stress, worsen cytotoxicity,
and impair immune response. Consequently, alcohol abuse appears to reduce both sensitivity
to interferon and adherence to treatment. Given the large number of individuals both infected
by HCV and afflicted by alcohol dependence, further understanding of treatment efficacy in
this population is essential.

Alcohol abuse has been shown to reduce response rates to IFN therapy in patients with chronic
HCV. Thus, effects of alcohol on this cellular pathway have been explored. IFN-γ induces
transcription of genes that mediate antiviral responses. These genes are activated via a series
of phosphorylation events involving tyrosine kinase receptors Tyk2 and JakI, and STAT1 and
STAT2, with stimulation of IFNα induced genes. Plumlee et al107 were able to show that
ethanol inhibited STAT1 tyrosine phosphorylation necessary for IFN gene induction in Huh 7
hepatoma cells, HCV replicon containing cell lines and human hepatocytes. This mechanism
may be responsible for the reduced response to IFN observed in some studies of alcoholics
with HCV infection.

The effect of alcohol on HCV replication has been examined in several investigations yielding
inconsistent results. For example, Anand et al performed a meta-analysis involving 14 studies,
assessing the effect of alcohol on HCV titers based on (1) a comparison of heaviest drinkers
versus nondrinkers, (2) effects of graded doses of alcohol (abstainers, moderate alcohol users,
and heavy drinkers), and (3) abstinence in the same individual. The conclusion was that no
difference in viral titers between alcoholics and nondrinkers exist with respect to these three
clinical paradigms.108 However, the authors acknowledge the limitations of this meta-analysis
because there were no uniform criteria for the definition of alcoholism as well as
standardization of techniques used to measure HCV levels. Additionally, Singal et al reports
that viral serum titers may not be a reliable gauge of true intrahepatic replicative activity.
Therefore, there is an inconsistent relationship between serum- and liver-derived viral levels
and evidence was provided to support the use of peripheral blood mononuclear cells as a better
index of viral titers in future studies.32

Traditional therapy for HCV infection is tailored to the individual based on viral genotype and
treatment response. Numerous trials have been conducted to address the appropriate therapy
and treatment duration for individuals based on variables including genotype, weight, ethnicity,
rapid/early virologic response, and the presence of comorbid conditions.109,110 Although both
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medication dosages and duration of therapy have been modified in different populations in
efforts to increase the incidence of sustained virologic response (SVR), there remains little
information on the optimal treatment for alcoholics. In the past, substance abuse including
alcohol was considered a contraindication to treatment.111 Consequently, data on treatment
efficacy in this subgroup remains limited.

Combination therapy with IFN and ribavirin has markedly increased SVR in all genotypes over
that of IFN alone. Currently, the majority of available studies that examine treatment response
among drinkers only employ monotherapy with IFN. Overall, response rates appear to be
dramatically lower and relapse rates higher among individuals who consume substantial
amounts of alcohol prior to or during treatment. A study conducted by Okazaki et al112 to
further evaluate response rates among those considered heavy, light, and nondrinkers revealed
significant differences between groups. Treatment response was diminished as alcohol intake
increased. Although other researchers have demonstrated a posttreatment improvement in liver
histology, this study shows that IFN afforded no histologic improvement among light and heavy
drinkers.112,113 This finding suggests that, not only are these individuals less responsive to
therapy, but that they are also more resistant to other beneficial aspects of treatment such as
inflammation reduction and reversal of fibrosis.

It has been well documented that high pretreatment viral loads correlate to decreased SVR.
114 In 1994, Oshita et al investigated the effect of alcohol intake on the replication of HCV and
the efficacy of interferon therapy. Their cohort of 53 patients was divided into those
characterized as habitual drinkers and nonhabitual drinkers. After a 26-week course of IFNα
therapy, viral RNA titers among habitual drinkers was significantly, higher than that in
nonhabitual drinkers. Neopterin levels in serum, as a marker for the activation of cell-mediated
immunity, were markedly lower for habitual than for nonhabitual drinkers. In addition, the
number of persons experiencing long-term response was significantly lower among habitual
drinkers. These findings suggest that alcohol intake increases HCV RNA levels in serum,
impairs cellular immunity, and modulates the efficacy of IFN therapy.

A multicenter trial later conducted by Loguercio et al has also demonstrated that HCV RNA
levels are significantly higher among drinkers when compared with matched abstainers. As
would be expected, this research shows that response rates were inversely proportional to
alcohol consumption.115 Thus, the percentage of responders decreased with increased alcohol
intake. The group with the highest measured alcohol intake (>80 g/d) had the highest percentage
of nonresponders.

In accordance with these studies, Ohnishi et al116 shows decreased treatment efficacy with
increased alcohol consumption. These results also suggest the same inverse relationship
between incrementally increased alcohol intake and decreased treatment response. Unlike
studies conducted by Okazaki et al and Oshita et al, this research demonstrates that the adverse
effect of habitual heavy drinking on the efficacy of IFN therapy might be reversed, at least in
part, by abstinence for more than 6 months prior to initiation of therapy. In addition, Ohnishi
et al demonstrates that there was no significant difference in treatment efficacy between
infrequent and habitual drinkers who consumed more than 23 g, but less than 69 g of alcohol
daily, and who had stopped drinking for a minimum of 6 months (average of 39 months prior
to treatment).

Heavy drinkers (>69 gm/d), however, who abstained for more than 6 months prior to treatment
had a statistically significant rise in treatment response when compared with heavy drinkers
who did not observe comparable abstinence. This suggests that the detrimental effects of
excessive alcohol on treatment efficacy may be, at least in put, reversible. It is possible that
this finding results from a return of immune function following detoxification, which is
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supported by preclinical studies in mice. The resultant drop in HCV RNA levels among heavy
drinkers during periods of abstinence may also play a role in increasing treatment efficacy.

In addition to current alcohol use, total lifetime alcohol intake appears to influence the
effectiveness of therapy. Tabone et al117 examined response rates among HCV-infected
individuals in the context of lifetime alcohol use Here, all patients were committed to a 6-
month period of abstinence prior to the initiation of IFN therapy. The sustained virologic
response rate fell from 33% in nondrinkers to 20% in mild drinkers and to only 9% in heavy
drinkers. Drinkers also showed a relapse rate twice as high as that of nondrinkers. According
to their multivariate analysis, the strongest independent predictors of nonresponse were
genotype 1b infection, age of the patients, and their lifetime alcohol intake. Lifetime alcohol
consumption proved to have a strong negative effect on the outcome of interferon treatment,
specifically in heavy drinkers. These authors concluded that a 6-month period of abstinence
may not be sufficient to offset this negative effect on treatment outcome. This finding also
suggests the possibility that alcohol in large quantities over a significant time period may
irreversibly impact treatment response. Increased fibrosis and fat deposition, only minimally
changed by long periods of abstinence, may play a role. To date, the impact of lengthier period
of abstinence on treatment outcomes has not been explored.

Pretreatment liver histology has also been reported to affect the response to IFN therapy. It is
generally accepted that the response to IFN therapy worsens with histologically advanced
stages of liver disease as evaluated by Knodell’s fibrosis score. Ohnishi et al116 demonstrated
a lesser response to IFN therapy in patients with a fibrosis score of 3 compared with those with
fibrosis scores of 1 or 2, both in infrequent and habitual drinkers. Further, this research shows
that treatment efficacy was less in habitual drinkers than in infrequent drinkers even when
comparing those with similar fibrosis scores. These observations suggest that factors beyond
alcohol-induced fibrosis plays a pivotal role in treatment response. Ohnishi et al thus compared
fat deposition, perivenular fibrosis, and stellate fibrosis between groups. Such measures of liver
damage were significantly more prominent in the two heavy drinkers’ groups when compared
with infrequent drinkers. Interestingly, pericellular fibrosis was more severe among heavy
drinkers who did not observe pretreatment abstinence of 6 or more months prior to treatment.
These findings suggest that histologic changes in the liver produced by habitual drinking and
improved by abstinence might have contributed to the poor treatment response.117

Another variable that may have a negative impact on treatment response is the existence of
viral quasispecies. Habitual drinking suppresses the innate immunological response to HCV
infection. In turn, mutation in the HCV genome could easily occur, resulting in an increased
viral diversity and increased resistance to IFN therapy. Kanazawa et al118 studied the
heterogeneity of the hypervariable regions in the HCV in patients treated with IFNα to clarify
the implications of quasispecies. This group sequenced recombinant clones generated from
PCR-amplified products of the hypervariable regions. The sets of clones derived from long-
term responders before IFN therapy showed a significantly lower degree of sequence
complexity of the hypervariable region 1 quasispecies than those from short-term responders
or nonresponders. The degree of nucleotide diversity, or the average number of nucleotide
differences per site between two randomly chosen sequences, in hypervariable region 1 before
IFN therapy were also significantly lower for long-term responders. Consequently, the degree
of quasispecies’ complexity and diversity of hypervariable region 1 was closely correlated with
the responsiveness to IFN therapy. Thus, increased viral sequence heterogeneity that develops
in alcoholics may negatively influence treatment outcomes.
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PERSPECTIVES
There is a clear need to study further the interaction of alcohol and HCV in both the clinical
setting and preclinical animal models. More information is required on the role and mechanisms
of oxidative stress generation and apoptosis of hepatocytes in alcoholics with chronic HCV
infection. Because the immune response appears to be substantially blunted in alcoholics, it
will be important to clarify the cellular targets of ethanol action as a mechanism for depressed
viral specific CD4+ and CD8+ immunity. Because DCs appear to be important in the
pathogenesis of this abnormal immune response, investigations regarding subpopulations both
in the peripheral blood and in the liver need to be carefully assessed. Additional studies are
required to develop an optimal regimen and dosage of IFNα and ribavirin in alcoholics with
HCV in an attempt to generate better sustained virologic responses. The effect of abstinence
on treatment response needs clarification, and molecular studies detailing the formation of
HCV quasispecies in alcoholics with respect to the efficacy’ of treatment should be explored.
Finally, additional investigations on the role of both alcohol and HCV infection on progression
of liver injury through fibrosis to hepatocellular carcinoma at the molecular level is needed.

Acknowledgments
Supported in part by NIH Grants NIAAA RO1-AA002666 and -AA008169 (J.R.W.).

ABBREVIATIONS

APC antigen presenting cell

CD4+ cluster of differentiation 4

CD8+ cluster of differentiation 8

CTL cytotoxic T lymphocyte

CYP2E1 cytochrome P450 2E1

DC dendritic cell

EIA enzyme-linked immunoabsorbance

ERK extracellular regulated kinase

GM-CSF granulocyte macrophage colony-stimulating factor

GSH glutathione

GST glutathione S transferase

HCC hepatocellular carcinoma

HCV hepatitis C virus

IFN interferon

IVDU intravenous drug use

MAPK mitogen activated protein kinase

NS3 nonstructural protein 3

NS4 nonstructural protein 4

PCOOH phosphatidylcholine hydroperoxides

RNA ribonucleic acid

ROS reactive oxygen species
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RT-PCR reverse transcriptase-polymerase chain reaction

SVR sustained virologic response
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Figure 1.
Prevalence of hepatitis C virus infection in alcoholics with liver disease (LD). The bar graph
represents the range of values found in each category based on studies cited in the text. HCC,
hepatocellular carcinoma.
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Figure 2.
Histologic appearance of alcohol-induced liver disease and hepatitis C virus infection. Note
the severe lobular disarray, cell dropout, steatosis, fibrosis, and lymphocytic infiltration of the
portal areas.
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Figure 3.
Diagram illustrating the effect of alcohol on generation of anti hepatitis C virus (HCV) immune
responses following genetic immunization and the central role of dendritic cells (DCs) in this
process Genetic immunization is a technique that generates strong cellular immune responses
to viral peptides The gene of interest is cloned into a plasmid followed by direct injection into
muscle or fibroblastic cells The gene is transcribed and translated, and the protein processed
where it may then be picked-up by adjacent DCs by phagocytosis. The viral protein is further
processed and expressed on the cell surface with costimulatory proteins in the context of major
histocompatibility complex (MHC) class I and class II molecules to activate CD8+ cytotoxic
T lymphocyte (CTL) responses as well as CD4+ proliferative activity. The helper T cell (Th0)
lymphocytes can mature via Th1 cytokine exposure promoting cellular immune responses or
by Th2 cytokines generating B-cell antibody responses. Alcohol has its principal effect on
blocking DC activity by poorly understood mechanisms and, therefore, affects both arms of
the immune system in response to HCV immunization. DNA, deoxyribonucleic acid, TNF,
tumor necrosis factor; IL, interleukin; IFN, interferon; mRNA, messenger ribonucleic acid.
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