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Abstract

Background: Although a clear correlation exists between
cumulative alcohol intake and liver disease, only some of
the alcohol abusers develop signs of ethanol-induced liver
damage. To identify some of the genetic variations predis-
posing persons to alcoholic liver disease (ALD), a genetic
study was performed in heavy drinkers from the cohort of
the Dionysis study, a survey aimed at evaluating liver dis-
ease in the open population of two towns in Northern
Italy (6917 individuals).
Materials and Methods: 158 heavy drinkers (�85% of
all heavy drinkers in the population; daily alcohol intake
�120 g in males and �60 g in females) were investigated by
the analysis of nine polymorphic regions, mapping in exons
III and IX of the alcohol-dehydrogenase (ADH)-2 gene, in
exon VIII of the ADH3 gene, in intron VI, in the promoter
region of the cytochrome P4502E1 (CYP2E1) gene, and in
the promoter region of the tumor necrosis factor-� gene.
Results: Heavy drinkers with or without ALD significantly
differed for the distribution of alleles of the cytochrome
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P4502E1 (CYP2E1) and alcohol-dehydrogenase-3 (ADH-3)
genes. In one town, allele C2 in the promoter region of
the CYP2E1 gene had a frequency of 0.06 in healthy
heavy drinkers, of 0.19 in heavy drinkers with ALD 
(p � 0.012), and of 0.33 in heavy drinkers with cirrhosis
(p � 0.033). In the other town, whose inhabitants have
different genetic derivation, a prominent association be-
tween ALD and homozygosity for allele ADH3*2 of ADH3
was found, with a prevalence of 0.31 in heavy drinkers
with ALD and of 0.07 in healthy heavy drinkers controls
(p � 0.004).
Conclusions. Both heterozygosity for allele C2 of CYP2E1
and homozygosity for allele ADH3*2 of ADH3 are inde-
pendent risk factors for ALD in alcohol abusers. The rela-
tive contribution of these genotypes to ALD is dependent
on their frequency in the population. Overall, heavy
drinkers lacking either of these two genotypes are 3.2 and
4.3 times more protected from developing ALD and cir-
rhosis respectively.

Introduction
Alcoholic liver disease (ALD) results from a com-
plex interaction between behavioral, environmen-
tal, and genetic factors. Although several studies
have defined a close relationship between cumula-
tive alcohol intake and risk of developing liver
damage (1–4), extensive individual variability still
exists in disease susceptibility. Even among heavy
drinkers (�100 g alcohol per day), only some indi-
viduals develop clinical, biochemical, and histo-
logical signs of ALD, ranging from 6–41% in the
different studies (5,6). 

The importance of genetic factors in the predis-
position to ALD has long been recognized (7).
Genes encoding for enzymes with alcohol dehydro-
genase (ADH2, ADH3) and aldehyde dehydroge-
nase (ALDH2) activities, for components of the mi-
crosomal ethanol oxidation system (cytochrome
P4502E1), or for proteins potentially mediating

liver damage (tumor necrosis factor-�, TNF-�) have
been the main subjects of investigations in the last
years (8–20). Overall, the results obtained by these
studies have been quite contradictory. Some studies
conducted in the Japanese and Chinese population
indicated that allele ADH2*2 of the ADH2 gene
(17), allele ALDH2*2 of the ALDH2 gene (8,21),
and allele C2 of the CYP2E1 gene (12) were associ-
ated with ALD, but other investigations failed to
confirm these findings (8–10,15,21). In Caucasians,
some studies indicated that allele C2 of the CYP2E1
gene (16), allele ADH3*1 of the ADH3 gene (18),
and allele TNFA of the TNF-� gene (22) were more
prevalent in patients with ALD. However, most of
these findings have been subsequently either con-
tradicted by other studies (11,13,14) or method-
ologically questioned (23).

Altogether, the conflicting results so far obtained
clearly reflect the overall problem of addressing the
investigation of a multifaceted disease such as ALD.
From the clinical standpoint, major problems in the
study design have often been the small number of
disease patients and controls available, with their
derivation from a selected series and not from an



open population, thereby making a precise disease
definition difficult (both in terms of liver damage
and levels of alcohol consumption). From the ge-
netic standpoint, several of these studies had been
conducted in genetically heterogeneous populations
with an uncontrolled rate of genetic admixture,
often by analyzing the contribution of alleles rare in
the overall population (such is the case of the C2
allele in the Caucasian population). Additionally,
ALD is definitely a complex trait, in which poly-
morphisms in several genes are likely to be in-
volved, yet most of the studies so far conducted have
analyzed the association of one or few alleles with
the disease at a time, and not of more complex geno-
typic associations.

Given these considerations, we decided to take
advantage of the availability of the heavy drinkers,
both with and without ALD, obtained through the
Dionysos Study, a cohort study that investigated
the prevalence of chronic liver disease in a general
population (24). This study involved the analysis
of 6917 individuals from two towns in Northern
Italy (Campogalliano and Cormons), representing
approximately 70% of the total open population.
Because the inhabitants of the two towns have
different historical derivation, this sample pro-
vided an invaluable tool for the analyses of allelic
frequencies in two homogenous, unselected popu-
lations.

Materials and Methods
Patients

In the framework of the Dionysos Project (6,24), all
the 10,151 inhabitants aged 12–65 years of two North-
ern Italy communities were considered eligible for the
study, of whom 6917 were carefully evaluated for the
presence of liver disease (70% compliance to partici-
pate in the study [6]). All individuals with cirrhosis,
hepatocellular carcinoma, or initial alteration of amino-
transferases (ALT and AST) or �-glutamiltransferase
(GGT) were also followed up every 6 months from
1993 to 1997. The amount of alcohol intake was stud-
ied through a semi-quantitative, color-illustrated food
questionnaire (25,26), including detailed questions
on the use of alcoholic beverages (6). Out of 6917
individuals initially examined, 186 hepatitis B virus
surface antigen and anti-hepatitis C virus negative
subjects resulted to drink �120 g alcohol per day (for
males; n � 147) or �60 g alcohol per day (for 
females; n � 39) for at least 10 years. These heavy
drinkers individuals were recalled and re-examined
in 1997. Six men and 22 women declared them-
selves to have quit drinking alcohol at least 5 years
earlier, and thus, were discharged from this study.
158 persons who remained heavy drinkers (141 men
and 17 women) were finally enrolled in this genetic
study. The estimated lifetime total amount of
ethanol drunk by these subjects examined was 1702
� 1061 and 596 � 388 kg per person, respectively.
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All the heavy drinkers with cirrhosis or with
persistent levels of either ALT or AST or GGT 1.5-
fold as the upper normal range in at least six out of
the eight 6-month interval checks and who showed
signs of steatosis at ultrasonography were classified
as having alcoholic liver disease (ALD). Patients
were considered affected by cirrhosis when at least
two of the following features were present: 1) spider
nevi, scleral icterus, palmar erythema, ascites, flap-
ping tremor, and hepatic or spleen enlargement;
2) platelet count less than 140,000; or 3) portal vein
diameter greater than 12 mm at ultrasonography.
The diagnosis of alcoholic cirrhosis, clinically estab-
lished according to this criteria, was always con-
firmed by liver biopsy. The remaining patients with
ALD and without clinical signs of cirrhosis either re-
fused biopsy or biopsy was not justified on ethical
grounds. According to these criteria, 66 patients
were diagnosed as having ALD (61 men and 5
women), out of whom 15 had cirrhosis.

DNA Isolation and PCR Amplification

Total genomic DNA was obtained from 10 mL pe-
ripheral blood samples collected in EDTA or heparin
according to standard procedures (27). PCR amplifi-
cation reactions were conducted on 200-ng sample
DNA in 50 �l PCR buffer solution (0.2 mM each nu-
cleotide, 1.5–2.0 mM MgCl2, 50 mM KCl, 10 mM
Tris-HCl pH 8.3, 20 pmol each primer, and 1 U Taq
polymerase [Amplitaq, Perkin Elmer, Emmeryville,
CA]). Reactions were carried out using 35 thermal cy-
cles with the following cycle profiles: hot start at 95�C
for 5 min, denaturation at 94�C for 30 sec, annealing
at 56�C for the polymorphisms of the CYP2E1 gene
(Rsa I, Pst I, Dra I, Msp I) and ADH3 gene (Ssp I),
57�C for the polymorphisms of the ADH2 gene (Alu I
and Mae III) and 59�C for the �308 and �238 poly-
morphisms of the TNF-� gene (Nco I and Msp I) for
30 sec, extension at 72�C for 30 sec, and final elonga-
tion at 72�C for 7 min. Oligonucleotide primers for
polymorphisms Pst I and Rsa I (28), Dra I and Msp I
(14) of CYP2E1, Mae III and Alu I of ADH2 (29), Ssp
I of ADH3 (29), Nco I and Msp I of TNF-� (22) have
already been described.

Restriction Enzyme Analysis of the Polymorphic Loci

Amplified DNA was digested with commercially
available (Boehringer Mannheim, Mannheim,
Germany and New England Bioloabs, Beverly, MA)
restriction endonucleases at 37�C for 5 hr (Rsa I, Pst I,
Dra I, Msp I, Ssp I, Alu I, and Nco I) and at 55�C for
5 hr (Mae III) under conditions recommended by
the manufacturers. The amplified and digested DNA
fragments were resolved by 2% agarose or 10%
polyacrylamide gel electrophoresis as appropriate,
stained by ethidium bromide and photographed.

Statistical Analysis

Allele and genotype frequencies were calculated us-
ing the G test (30), a likelihood ratio test that is
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allele ADH2*1 of the ADH2 gene. Similarly, allele
MSPI2 in intron VI of the CYP2E1 gene was very
rare (0.013 allele frequency) in both populations.
Alleles G and A in the promoter of TNF-� gene (po-
sition �238) were equally distributed both in
healthy heavy drinkers controls and in heavy
drinkers with alcoholic liver disease. In contrast, 
allele 2 of polymorphism �308 at the TNF-� gene
promoter was more present in healthy heavy
drinkers (19 out of 88; 0.22 allele frequency) than in
heavy drinkers with liver disease (7 out of 70; 0.10).
However, the probability value of this distribution
(p � 0.046) is below the threshold of statistical sig-
nificance if the Bonferroni correction for multiple
tests is applied (see Methods).

In heavy drinkers from Campogalliano, a strik-
ing difference was found for the distribution of the
two alleles of the promoter region of cytochrome
P4502E1. In this population, allele C2 was present
only in 6 out of 96 alleles (0.06) from healthy
heavy drinkers controls, but it was present in 12
out of 62 (0.19; p � 0.012) heavy drinkers with
ALD and 4 out of 12 heavy drinkers with cirrhosis
(0.33; p � 0.033). Thus heavy drinkers subjects
with at least one C2 allele have a relative risk of 3.8
times higher (C.I. 1.2–11.9) of developing ALD,
and of 9.2 times higher (C.I. 1.5–55.8) of develop-
ing alcoholic cirrhosis.

By the analysis of genotype frequencies in the
population of heavy drinkers from Campogalliano,
we found that the distribution of alleles C1 and C2
of CYP2E1 was in strong linkage disequilibrium
with that of alleles D and C of the Dra I polymor-
phism in the intron VI of the same gene (Table 2).
Although the two independent genotypic distribu-
tions follow the Hardy-Weinberg equilibrium,
when the combined genotypes were considered, a
clear co-segregation of allele C of the intronic Dra I
polymorphism with allele C2 of the Rsa I promoter
polymorphism could be observed (p � 0.001). This
allelic association is in favor of the conservation of
ancestral chromosomal segments in this population
and is likely to indicate its genetic homogeneity.
Neither allele C of the Dra I polymorphism alone
nor its genotypic combinations could be statisti-
cally associated to the development of ALD (data
not shown).

The results reported above indicate that the
presence of allele C2 of P4502E1 even in heterozy-
gosity is a major determinant for alcoholic liver
damage in heavy drinkers from Campogalliano. This
conclusion can be drawn also when the genotypic
distribution is analyzed (Table 3). In Campogal-
liano, only 6 out of 48 (12%) normal heavy drinkers
individuals have at least one allele C2, whereas this
is present in 11 out of 31 (36%) and 4 out of 6 (67%)
heavy drinkers with ALD and cirrhosis, respectively
(p � 0.016 for heavy drinkers with ALD vs heavy
drinkers controls; p � 0.010 for cirrhotic vs noncir-
rhotic subjects).

equivalent to the 	2 test, but it less sensitive to very
low expected values (31). For all significant values,
a Fisher’s exact test gave similar results. All the re-
ported p values are without correction for multiple
tests. The threshold to assess statistical significance
of the p values was lowered according to the Bon-
ferroni procedure for multiple tests (four tests, con-
sidering four as the number of unlinked markers an-
alyzed in the whole data set (32)). Odd Ratios (O.R.)
and 95% confidence intervals (C.I.) were also calcu-
lated (33).

Results
Alcohol Consumption and Demographic Features 
of the Population Studied

The overall design of the Dionysos Study has al-
ready been described (24). Briefly, all the 10,151 in-
habitants 12–65 years old of two northern Italian
communities were considered eligible for the study,
of whom 6917 were carefully evaluated for the pre-
sence of liver disease. Out of those, 141 males and
17 women drinking �120 g or �60 g alcohol/day 
respectively for at least 10 years were enrolled in the
genetic study presented here. These individuals rep-
resent �85% of the total heavy drinkers of the 
population. Out of these 158 heavy drinkers, 66
were defined as having ALD, of whom 15 with
cirrhosis. A detailed description of the inclusion
criteria and of the criteria for the definition of 
ALD is reported in the Methods section. The possi-
ble bias in selection toward oversampling from
different members of the same families was ruled
out by the intra-familial analysis revealing that 
the percentage of subjects belonging to the same
families was less than 3%. No statistically signifi-
cant differences were found between heavy drinkers
with ALD and healthy heavy drinkers controls, either
for age (57.9 � 7.6 vs. 57.5 � 10.1; mean � SD) or 
for daily initial and lifetime alcohol intake (134.7 �
63.6 vs. 137.3 � 65.3 g of alcohol per day; 1535 �
1111 vs. 1628 � 1038 kg of alcohol per lifetime).
Other results from multivariate analyses of different
parameters in these individuals have already been
reported (6).

Allelic and Genotypic Distributions in Heavy Drinkers

The distributions of nine genetic polymorphisms in
four different loci (ADH2, ADH3, CYP2E1, and
TNF-� genes) were studied in the defined heavy
drinker population. A schematic representation of
the localization of the analyzed polymorphic sites is
presented in Figure 1 and the functional significance
of the different alleles that are generated are briefly
summarized in the figure legend.

The allelic distribution of the four analyzed
genes is shown in Table 1 for both the two separate
towns and for the total number of individuals. With
the exception of two subjects in Campogalliano, all
heavy drinkers individuals were homozygous for
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Fig. 1. Schematic representation of genes and polymorphisms analyzed in this study. The restriction enzymes used in this
study are indicated. If the analyzed polymorphic site introduced or abolished the presence of a naturally occurring restriction site, this
was used for the analyses. Otherwise, the enzyme recognition site was introduced by using appropriate mismatched primers for PCR
amplification (enzymes indicated by a star). In the Alleles column, empty boxes indicate exons; filled circles and crosses refer to the
presence or absence of the restriction enzyme sites respectively; arrows pointing rightward indicated transcription start sites. Exons,
introns and the location of restriction enzyme sites are not drawn to scale. In the Genotypes column, the restriction patterns obtained
for the different alleles are shown as pictures of ethidium bromide stained gels. DNA fragments were obtained by PCR amplification
and digestion with the appropriate enzymes, as indicated. In each gel, the lanes without indications contain molecular weight mark-
ers. Three of the investigated polymorphisms map in exonic regions (exons III and IX of ADH2 and exon VIII of ADH3) and have
been demonstrated to produce alleles which encode for proteins with increased enzymatic activity (ADH2*2, ADH3*1 (35)). Four
polymorphisms are located in the CYP2E1 gene. Two of them (Dra I and Msp I) are in intron VI of the gene, and their functional
significance—if any—is still poorly understood (14,38,39); the other two (Rsa I and Pst I) are located in the promoter region of the
gene and determine different levels of gene expression (28). The last two polymorphisms are in strong linkage disequilibrium, thus
determining the existence of only two possible haplotypes (28). Finally, two other polymorphisms in the TNF-� gene lay in the pro-
moter region of the gene, and co-localize with cis-acting sites controlling the transcriptional levels of the gene (40,41).

Table 1. Prevalence of ADH2, ADH3, Cyp2E1 and TNF� alleles in the populations of heavy drinkers from the towns of Cormons 
and Campogalliano. HD: heavy drinker individuals

Alleles

N. of

ADH2-Exons III, IX ADH3-Exon VIII CYP2E1-Intron VI CYP2E1-Promoter TNF(�238) TNF(�308)

Alleles ADH2*1 ADH2*2 ADH2*3 ADH3*1 ADH3*2 MSPI1 MAPI2 C1 C2 G A 1 2

CORMONS 158
Healthy HD 88 88(1) 0(0) 0(0) 54(0.61) 34(0.39) 87(0.99) 1(0.01) 87(0.99) 1(0.01) 83(0.94) 5(0.06) 69(0.78) 19(0.22)d

HD with ALD 70 70(1) 0(0) 0(0) 33(0.47) 37(0.53) 69(0.99) 1(0.01) 70(1) 0(0) 67(0.96) 3(0.04) 63(0.90) 7(0.10)
HD with cirrhosis 18 18(1) 0(0) 0(0) 9(0.50) 9(0.50) 18(1) 0(0) 18(1) 0(0) 18(1) 0(0) 15(0.83) 3(0.17)

CAMPOGALLIANO 158
Healthy HD 96 94(0.98) 2(0.02) 0(0) 61(0.64) 35(0.36) 95(0.99) 1(0.01) 90(0.94) 6(0.06) 93(0.97) 3(0.03) 85(0.88) 11(0.12)
HD with ALD 62 62(1) 0(0) 0(0) 43(0.69) 19(0.31) 61(0.98) 1(0.02) 50(0.81) 12(0.19)a 57(0.92) 5(0.08) 56(0.90) 6(0.10)
HD with cirrhosis 12 12(1) 0(0) 0(0) 7(0.58) 5(0.42) 11(0.92) 1(0.08) 8(0.67) 4(0.33)b 12(1) 0(0) 10(0.83) 2(0.17)

TOTAL 316
Healthy HD 184 182(0.99) 2(0.01) 0(0) 115(0.62) 69(0.38) 182(0.99) 2(0.01) 177(0.96) 7(0.04) 176(0.96) 8(0.04) 154(0.84) 30(0.14)
HD With ALD 132 132(1) 0(0) 0(0) 76(0.58) 56(0.42) 130(0.98) 2(0.02) 120(0.91) 12(0.09)c 124(0.94) 8(0.06) 119(0.90) 13(0.10)
HD with cirrhosis 30 30(1) 0(0) 0(0) 16(0.53) 14(0.47) 29(0.97) 1(0.03) 26(0.87) 4(0.13) 30(1) 0(0) 25(0.83) 5(0.17)

a p�0.12 for healthy heavy drinkers vs. heavy drinkers with ALD
b p�0.033 for heavy drinkers with cirrhosis vs. heavy drinkers without cirrhosis
c p�0.053 for healthy heavy drinkers vs. heavy drinkers with ALD
d p�0.046 for healthy heavy drinkers vs. heavy drinkers with ALD
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Contrary to the prevalence of allele C2 in the
heavy drinkers from Campogalliano (0.11 allelic fre-
quency), this allele was almost 20 times less frequent
in the heavy drinkers from Cormons (only 1 out of
158 total analyzed chromosomes; 0.006). Because the
genetic background of the two towns is remarkably
different (see Discussion), this is not surprising. In
individuals from Cormons, allele ADH3*2 of the Ssp
I polymorphism in exon VIII of the ADH3 gene was
unequally distributed between heavy drinkers with
or without ALD (39% and 53% respectively, see
Table 1), suggesting a contribution of this allele to
disease development. This contribution reached
striking statistical significance when the frequency of
homozygosity for this allele was analyzed. Eleven
out of 35 patients (31%) with chronic liver disease or

cirrhosis were homozygous for the ADH3*2 allele,
but homozygosity was found only in 3 out of 44 (7%)
healthy heavy drinkers (p � 0.004 for patients with
ALD vs heavy drinkers controls, Table 3).

The contribution of homozygosity for allele
ADH3*2 to the development of alcoholic liver damage
can be better observed if the population of individu-
als homozygous for the C1 allele of P4502E1 (the non-
predisposing allele) is considered in the whole
dataset. Homozygosity for ADH3*2 is present only in
7 out of 85 (8%) normal heavy drinkers from the total
population of C1/C1 individuals from the two towns,
yet it increases to 13 out of 55 (24%) in patients with
ALD (p � 0.012), and to 4 out of 11 (36%) when only
cirrhotic patients are considered (p � 0.055; Figure 2).
Heavy drinkers homozygous for ADH3*2 have a rela-
tive risk of 3. 5 times higher (C.I. 1.28–9.30) of devel-
oping ALD and a risk of 4.0 times higher (C.I.
1.1–15.8) of developing alcoholic cirrhosis.

Combined Genotype Protecting Against Alcoholic 
Liver Disease

The results reported herein indicate that, depending
on allelic frequencies of the two analyzed populations,
the presence of either at least one allele C2 of cy-
tochrome P4502E1 (as in Campogalliano) or of the
homozygosity for the ADH3*2 allele (as in Cormons)
is a predisposing factor for the development of alco-
holic liver disease. Accordingly, if in the overall pop-
ulation of heavy drinkers subjects from the two
towns, those with a combined genotype having
C1/C1 homozygosity at the CYP2E1 locus and not
being homozygous for ADH3*2 are analyzed, a re-
markably different distribution is found according to
disease development (Figure 3). Seventy-eight of 92
(85%) of these individuals are in the healthy heavy

Table 3. Prevalence of ADH3, Cyp2E1 and TNF� genotypes in the populations of heavy drinkers from the towns of Cormons and Campogalliano

Genotypes

N. of
ADH3-Exon VIII CYP2E1-Promoter TNF�-Promoter (�238) TNF�-Promoter(�308)

Cases ADH3*1/1 ADH3*1/2 ADH3*2/2 C1/C1 C1/C2 C2/C2 G/G A/G A/A 1/1 1/2 2/2

CORMONS 79
Healthy individuals 44 13(29%) 28(64%) 3(7%) 43(98%) 1(2%) 0(0%) 39(89%) 5(11%) 0(0%) 29(66%) 11(25%) 4(9%)
Patients with ALD 35 9(26%) 15(43%) 11(31%)a 35(100%) 0(0%) 0(0%) 32(91%) 3(9%) 0(0%) 29(83%) 5(14%) 1(3%)
Patients with cirrhosis 9 3(33%) 3(33%) 3(33%) 9(100%) 0(0%) 0(0%) 9(100%) 0(0%) 0(0%) 7(78%) 1(11%) 1(11%)

CAMPOGALLIANO 79
Healthy individuals 48 18(38%) 25(52%) 5(10%) 42(88%) 6(12%) 0(0%) 45(94%) 3(6%) 0(0%) 39(81%) 7(15%) 2(4%)
Patients with ALD 31 16(52%) 11(35%) 4(13%) 20(64%) 10(32%)d 1(4%) 26(84%) 5(16%) 0(0%) 26(84%) 4(13%) 1(3%)
Patients with cirrhosis 6 3(50%) 1(17%) 2(33%) 2(33%) 4(67%)e 0(0%) 6(100%) 0(0%) 0(0%) 4(67%) 2(33%) 0(0%)

TOTAL 158
Healthy individuals 92 31(34%) 53(58%) 8(9%) 85(92%) 7(8%) 0(0%) 84(91%) 8(9%) 0(%) 68(74%) 18(20%) 6(7%)
Patients with ALD 66 25(38%) 26(39%) 15(23%)b 55(83%) 10(15%) 1(2%) 58(88%) 8(12%) 0(0%) 55(83%) 9(14%) 2(3%)
Patients with cirrhosis 15 6(40%) 4(27%) 5(33%)c 11(73%) 4(27%)f 0(0%) 15(100%) 0(0%) 0(0%) 11(73%) 3(20%) 1(7%)

a p�0.004 for healthy heavy drinkers vs. heavy drinkers with ALD
b p�0.14 for healthy heavy drinkers vs. heavy drinkers with ALD
c p�0.052 for heavy drinkers with cirrhosis vs. heavy drinkers without cirrhosis
d p�0.016 for healthy heavy drinkers vs. heavy drinkers with ALD
e p�0.010 for heavy drinkers with cirrhosis vs. heavy drinkers without cirrhosis
f p�0.082 for heavy drinkers with cirrhosis vs. heavy drinkers without cirrhosis

Table 2. Correlation of the Rsa I C1/C2 genotype
with the Dra I D/C genotype of cytochrome 
P4502E1 in the population of heavy drinkers from
Campogalliano. Allele C1 is defined by the 
presence of the Rsa I site; allele D by the presence 
of the Dra I site

Genotypea C1/C1 C1/C2 C2/C2 Total

DD 44 6 0 50

CD 18 9 0 27

CC 0 1 1 2

Total 62 16 1

a p � 0.001 for combined genotypic distribution
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drinker group, 42 of 66 (64%) in the ALD group 
(p � 0.002), and only 7 of 15 (47%) in the cirrhosis
group (p � 0.009). This indicates that this combined
genotype is protective against the development of
alcoholic liver disease. On the contrary, individuals
either having allele C2 of CYP2E1 or homozygous
for ADH3*2 have a risk 3.2 times higher (C.I.
1.5–6.7) of developing ALD and 4.3 times higher
(C.I. 1.4–12.5) of developing alcoholic cirrhosis.

Discussion
Alcoholic liver disease is a multifactorial disease re-
sulting from the interaction of environmental, be-
havioral, and dietary factors (among which alcohol
consumption is the most relevant one) with genetic
factors. Clearly, multiple genes are involved in the
predisposition to develop liver disease, and most
likely, these genes differ in various ethnic groups.
Genetic dissection of this complex trait is further
hampered because the genes involved can influence
not only the probability of disease development but
also the drinking behavior, thus changing the fre-
quencies of allelic distribution between alcoholic
and nonalcoholic individuals (8,10,17,21,34). To
avoid this interference, we focused our attention on
two cohorts of genetically homogenous, unselected
heavy drinkers in the general population. The two
towns in which this study was performed, Cormons
and Campogalliano, are located in different regions of
the northern part of Italy. The former is in the Friuli-
Venezia Giulia Region, approximately 50 km away
from Trieste, in an area well recognized for wine pro-
duction. This geographical area is in the most eastern
part of Italy and the ethnical background of its popu-
lation has been strongly influenced by the immigra-
tion of South Slavic populations. In contrast, Cam-
pogalliano is placed in the Po river valley, not far from
Modena, and its population is an old genetic admix-
ture of indigenous inhabitants with Longobard in-
vaders in the 5th century. Although we cannot for-
mally exclude the possibility that heavy drinkers with
or without ALD have subtly different population ge-
netic histories, we are keen to believe that this possi-
bility is remote, owing to lack of cultural, religious,
behavioral or census stratification.

The results obtained by the genetic analysis of the
vast majority (�85%) of the heavy drinkers in these
two populations indicate that allele C2 of cytochrome
P4502E1 and allele ADH3*2 of alcohol dehydroge-
nase-2 are major independent genetic determinants of
susceptibility to ALD, with a relative contribution to
disease development which is according to their rela-
tive frequencies in the population.

Studies conducted in Japanese (12) and Cau-
casian (16) individuals have already indicated that
the frequency of the C2 allele of CYP2E1—charac-
terized by increased levels of gene expression
(28)—is significantly higher in heavy drinkers
patients with severe ALD. However, other investi-

Fig. 2. Homozygosity for allele ADH3*2 of the alcohol de-
hydrogenase-3 gene is associated with ALD. The frequencies
of the ADH3*2/ADH3*2 genotype (bars on the right side) and
of the other two reciprocal genotypes (bars on the left side) are
shown in healthy controls, ALD and cirrhotic patients all being
homozygous for allele C1 of the cytochrome P450E1 gene. The
numbers on top of each bar indicate the number of individuals
with the indicated genotype out of the total individuals in that
category. HD: heavy drinker individuals. ALD: ethanol-induced
liver damage.

Fig. 3. Combined ADH3 and CYP2E1 genotypes at lower
risk of developing ALD. The graph shows the frequency of
the combined genotype defined by homozygosity for allele C1
of the cytochrome P45021 gene and homozygosity or heterozy-
gosity for allele ADH3*1 of the alcohol dehydrogenase-3 gene
in healthy individuals, ALD and cirrhotic patients. The num-
bers on top of each bar indicate the number of individuals with
the indicated genotype (filled bars) or with all other possible
genotypes at the two genes (empty bars) out of the total indi-
viduals in that category.



A. Monzoni et al.: Genetic Determinants of ALD 261

is genetically homogeneous to possibly permit the
study of the inheritance of few ancestral chromoso-
mal segments.

The results obtained by this study also reinforce
the notion that alcoholic liver disease is multigenic
and that different genes can be primarily responsi-
ble for its development in different ethnic groups.
Clearly, the genes analyzed in this study are not the
only ones involved in the process. Further candi-
dates have to be sought among the genes involved in
liver metabolism, mediating the response to toxic ef-
fects of ethanol metabolism end products, responsi-
ble for the production of inflammatory cytokines,
triggering the development of fibrosis, among sev-
eral others. Proving this concept and finding the rel-
evant genes will require very large numbers of cases
with or without alcoholic liver disease. The use of
methods recently adopted for studying polygenic
diseases and involving family studies will better
help approaching this issue (36,37).
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